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ɺ ʥʦʤʝʨʝ: 
 

V ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʫʭʦʜʘ ʟʘ ʨʘʩʪʝʥʠʷʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛʨʝʛʘʪʦʚ; 

V ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ; 

V ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ; 

V ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʠʶ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ; 

V ʜʘʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʨʝʰʝʥʠʷ 

ʧʦ ʩʥʠʞʝʥʠʶ ʠʭ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʩ ʫʯʝʪʦʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʠʭ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʧʦʣʫʯʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ ʜʠʥʘʤʠʯʥʳʡ  

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʩʪʨʝʣʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩ ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ 330 ʤʤ  ʜʣʷ 

ʩʧʣʦʰʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʦʯʚ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 15 ʩʤ. ʇʨʝʜʤʝʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʥʟʦʤʝʪʨʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʅʘʫʯʥʫʶ ʥʦʚʠʟʥʫ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʦʣʫʯʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʛʨʫʟʢʠ. ɺ ʩʪʘʪʴʝ 

ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʥʘʛʨʫʟʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʠ ʥʘʛʨʫʟʦʯʥʦʛʦ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 1,944 ʜʦ 3,611 ʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʯʘʩʪʦʪʳ )(wsʈ  

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ 0,333 ʜʦ 0,312 ʩ
-1
, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ L1 ʢʦʣʝʙʘʥʠʡ ʚ ʢʨʘʡʥʝʡ ʪʦʯʢʝ 

ʢʨʳʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 11,55 ʤʤ ʜʦ 14,75 ʤʤ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ 

ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, 

ʚʘʨʴʠʨʫʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ Ὑ πȟφψπȟψσ. 
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ʨʘʙʦʪʳ, ʦʧʪʠʤʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 
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VARIATION  REGULARITIES OF VIBRATION PARAMETERS OF A DYNAMIC SOIL-

TILLING TOOL UNDER DIFFERENT SPEED AND LOAD OPERATIONAL MODES 
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Modeling the technological process of surface soil tillage by dynamic working tools with due account 

for the variation patterns of their vibration parameters is an urgent task, as it allows to optimize their design 

and technological characteristics and operation modes. The study objective was to identify the patterns of 

variation of the tractive resistance and vibration parameters of a dynamic soil-tilling tool. The study focused 

on the regularities in the variation of the average value of the load and vibration parameters of the dynamic 

working tool. The study subjects were the practice of ploughless surface soil tillage and a dynamic soil-

tilling working tool. In the study, the mathematical modelling method, experimental estimation of energy 

efficiency of the soil-tilling tools and experimental data analysis were applied. The scientific novelty of the 

work was manifested in the derived empirical dependences, which were used to determine the relationship 

between the average traction resistance and vibration parameters of a dynamic soil-tilling working tool and 

its traveling speed and load shown in graphs. The variation in traveling speed and load of a dynamic soil-

tilling tool was found to affect the vibration parameters significantly. In particular, with an increase in the 

traveling speed from 1.944 to 3.611 m/s, the vibration frequency of the tool wing decreased from 0.333 to 

0.312 s-1, while the average vibration value at the wing extreme point increased from 11.55 mm to 14 75 

mm. The established empirical dependences made it possible to determine reliably the average value of 

traction resistance and vibration parameters of a dynamic soil-tilling working tool under different speed and 

load operational modes, as evidenced by the determination coefficient, which varied within 0.68-0.83. 

 

Key words: soil tillage, dynamic working tool, vibration parameter, operational mode, optimal 

parameter, process regularity.  
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ɺʚʝʜʝʥʠʝ 

ɺʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʠʥʞʝʥʝʨʥʳʭ 

ʧʨʠʥʮʠʧʦʚ ʟʝʤʣʝʜʝʣʠʷ ʥʘ ʦʩʥʦʚʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ 

ʷʚʣʷʶʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʜʘʯʘʤʠ [1]. 

ʈʝʰʝʥʠʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʦʡ ʧʝʨʝʚʦʜʘ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʥʦʚʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʥʘ 

ʦʩʥʦʚʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʤʘʰʠʥ [1]. 

ʋʞʝ ʤʥʦʛʦ ʣʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ 

ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ ʟʘʥʠʤʘʶʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 

ʠ ʨʝʘʣʠʟʘʮʠʝʡ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʀʤʝʶʱʠʝʩʷ ʚ ʥʘʣʠʯʠʠ ʠ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʩʝʥʩʦʨʳ, ʠ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ 

ʧʦʟʚʦʣʷʶʪ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʥʘʙʣʶʜʘʪʴ 

ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʥʦʛʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʳ, 

ʨʘʩʪʝʥʠʡ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 
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ʧʨʦʜʫʢʮʠʠ [2 ï 3]. ʄʝʩʪʥʳʝ ʠ ʫʜʘʣʝʥʥʳʝ 

ʩʝʥʩʦʨʳ ʠ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʪʨʝʙʥʦʩʪʠ 

ʨʘʩʪʝʥʠʡ ʚ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʚʣʘʛʝ, 

ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ ʠ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʨʘʩʪʝʥʠʡ, ʚʢʣʶʯʘʷ ʙʦʣʝʟʥʠ ʠ 

ʚʨʝʜʠʪʝʣʝʡ ʨʘʩʪʝʥʠʡ [2 ï 3].  

ʆʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʧʨʦʧʘʰʥʳʭ 

ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ (ʄʊɸ) ʥʘ 

ʧʦʣʝ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʦʣʦʞʝʥʠʝʤ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʨʫʜʠʷ ʥʘ 

ʣʠʥʠʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ [4]. ʈʦʣʴ ʟʘʜʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʣʦʞʝʥʠʝ ʄʊɸ ʚʳʧʦʣʥʷʝʪ 

ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ 

ʢʦʦʨʜʠʥʘʪʳ ʪʨʘʢʪʦʨʘ ʠ ʦʨʫʜʠʷ [4]. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʄʊɸ ʧʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʠʟ-ʟʘ ʨʘʟʥʦʩʪʠ ʧʣʦʪʥʦʩʪʠ 

ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʥʘʣʠʯʠʠ ʤʝʩʪʥʳʭ 

ʫʢʣʦʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʫʚʦʜ ʦʨʫʜʠʷ ʩ 

ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʩʪʘʪʴʠ [4] 

ʨʘʟʨʘʙʦʪʘʥʦ ʫʧʨʘʚʣʷʝʤʦʝ ʥʘʚʝʩʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʋʅʋ-2, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ 

ʠʟʤʝʥʷʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʨʫʜʠʷ ʠ ʝʛʦ 

ʢʫʨʩʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʦʨʜʠʥʘʪ, ʟʘʜʘʚʘʝʤʳʭ ʥʘʚʠʛʘʮʠʝʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʋʅʋ-2 ʧʦʟʚʦʣʠʪ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʠ ʤʝʥʷʪʴ ʫʛʦʣ ʧʦʣʦʞʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʦʨʫʜʠʷ ʥʘ ʟʘʜʘʥʥʦʡ 

ʣʠʥʠʠ ʧʣʦʩʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʦʙʝʩʧʝʯʠʪ ʪʦʯʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ 

ʫʭʦʜʫ ʟʘ ʧʨʦʧʘʰʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʚʦ-

ʚʪʦʨʳʭ, ʧʦʚʳʩʠʪ ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʤʘʰʠʥʦʪʨʘʢʪʦʨʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʚ-ʪʨʝʪʴʠʭ, 

ʩʥʠʟʠʪ ʪʨʫʜʦʟʘʪʨʘʪʳ [4].  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠ ʨʝʞʠʤʦʚ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʫʯʝʥʳʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʠ ʩʨʝʜʩʪʚʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ [5 ï 8].  

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʩʨʝʜʩʪʚʘ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʄʊɸ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʨʘʥʝʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ. ʅʘʨʷʜʫ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʄʊɸ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʯʝʥʴ ʘʢʪʫʘʣʝʥ ʚʦʧʨʦʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʘʚʪʦʤʘʪʠʢʠ. ʊʘʢ ʢʘʢ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʧʨʠʥʮʠʧʦʚ ʘʚʪʦʤʘʪʠʢʠ ʦʙʝʩʧʝʯʠʪ 

ʤʛʥʦʚʝʥʥʫʶ ʨʝʘʢʮʠʶ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʥʘ ʧʦʯʚʝʥʥʳʝ 

ʫʩʣʦʚʠʷ. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʘʚʪʦʤʘʪʠʢʠ ʚ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪ 

ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘʤʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ [9 ï 

11] ʥʘʜʝʣʝʥʳ ʩʚʦʡʩʪʚʘʤʠ ʜʠʥʘʤʠʯʥʦʩʪʠ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʥʮʠʧʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʤʛʥʦʚʝʥʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ ʠʟʤʝʥʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʯʚʳ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʳ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ 

ʪʝʭʥʦʣʦʛʠʷʭ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [12ï14]. 

ʂʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʄʊɸ, ʩ ʫʯʸʪʦʤ ʠʟʣʦʞʝʥʥʳʭ 

ʚʳʰʝ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʢʦʪʦʨʳʝ ʩʳʛʨʘʶʪ 

ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʷ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ. 

 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 

ʘʥʘʣʠʟʘ ʠ ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʧʦʣʫʯʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʠ 

ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʩʷ 

ʜʠʥʘʤʠʯʥʳʡ  ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʩʪʨʝʣʦʚʠʜʥʦʡ ʬʦʨʤʳ ʩ 

ʰʠʨʠʥʦʡ ʟʘʭʚʘʪʘ 330 ʤʤ  ʜʣʷ ʩʧʣʦʰʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʧʦʯʚ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 15 ʩʤ.  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ [10] 

ʥʘ ʞʝʩʪʢʦʡ ʩʪʦʡʢʝ (ʨʠʩ. 1). 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʨʘʙʦʯʠʡ [3] ʥʘ ʞʝʩʪʢʦʡ ʩʪʦʡʢʝ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʝʣʴʯʘʪʦʡ ʯʘʩʪʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠʩʧʦʣʴʟʫʝʤ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ. 

ʄʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʪʯʠʢʘ ʠ ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʩʪʨʝʣʴʯʘʪʦʡ ʯʘʩʪʠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩ.2. 

 

 
ʈʠʩ.2. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʩʪʨʝʣʴʯʘʪʦʡ  

ʯʘʩʪʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

1 ï ʥʘʨʘʣʴʥʠʢ ʰʠʨʠʥʦʡ 65 ʤʤ; 2- ʩʪʦʡʢʘ; 3 ï ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ (ʧʦʣʦʩʘ 60 ʍ 6,0 ʩʪʘʣʴ 65ɻ);  

4 ï ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʡ ʜʘʪʯʠʢ ʧʦʣʦʞʝʥʠʷ ʩʪʨʝʣʴʯʘʪʦʡ ʯʘʩʪʠ; 5 ï ʪʦʯʢʘ ʢʨʝʧʣʝʥʠʷ ʩʪʨʝʣʴʯʘʪʦʡ 

ʯʘʩʪʠ; M1, L1 - ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʂʩ ʢʨʝʧʣʝʥʠʷ ʩʪʨʝʣʴʯʘʪʦʡ ʯʘʩʪʠ  ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ M-L, ʤʤ 
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ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʣʝʙʘʥʠʡ 

ʩʪʨʝʣʴʯʘʪʦʡ ʯʘʩʪʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʷʚʣʷʶʪʩʷ: ʘʤʧʣʠʪʫʜʘ  ʠ ʯʘʩʪʦʪʘ  

ʢʦʣʝʙʘʥʠʡ ʪʦʯʢʠ 5 . 

ʕʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʀʀʂ-ʀɸʕʇ (ʨʠʩ. 3). 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ 

ʟʥʘʯʝʥʠʡ ʦʙʱʝʛʦ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʢʦʣʝʙʘʥʠʷ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʘʭ ʝʛʦ ʨʘʙʦʪʳ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʤʝʥʝʝ 20ʩʝʢ. ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʄʊɸ ʩ 3-

ʭ ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʄʊɸ. ʉ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʇ 

264 ʬʠʢʩʠʨʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ï ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʘʪʯʠʢʘ ʧʫʪʠ ʟʘ 

ʦʜʥʫ ʩʝʢʫʥʜʫ Inc, ʠʤʧ.   

ï ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʘʪʯʠʢʘ ʧʫʪʠ ʟʘ 

ʦʧʳʪ, In ʠʤʧ.  

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ, ʊ ʩ. 

ï ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʥʘʣʦʚ ʜʘʪʯʠʢʘ 

ʫʩʠʣʠʷ ʠ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʩʪʨʝʣʴʯʘʪʦʡ 

ʯʘʩʪʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Smg, Sm, ʤB. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʷʭ: 

- ʪʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ. 

ʇʦʯʚʘ ï ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʘʷ 

(ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ) ʥʘ ʤʦʨʝʥʦʤ ʩʫʛʣʠʥʢʝ; 

- ʨʝʣʴʝʬ, ʛʨʘʜ ï 1-2; 

- ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 3-4; 

- ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 5-20 

ʩʤ -  0,85 ï 1,0 ʄʇʘ; 

-  ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʩʣʦʝ 0 ï 10 ʩʤ ï 13,5 %, 

ʚ ʩʣʦʝ 10 ï 20 ʩʤ ï 16,8 %. 

 

 
ʈʠʩ. 3. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʀʀʂ-ʀɸʕʇ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-920 ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ 

ʨʘʙʦʪʝ [15]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ 

  ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʦʧʳʪʥʳʭ 

ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ 

ʨʘʙʦʪʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʡ 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ L1 ʢʨʘʡʥʝʡ ʪʦʯʢʠ 

ʢʨʳʣʘ Lʦ (ʨʠʩ. 4) ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʈʠʩ. 4. ʂʨʘʡʥʷʷ ʪʦʯʢʘ ʢʨʳʣʘ Lʦ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ L1 ʦʪ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʢ, ʚ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ὠ

ρȟωτ σȟφρ  ʤ/ʩ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ 

ʧʝʨʝʤʝʱʝʥʠʷ L1 ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 11,55 ʤʤ ʜʦ 14,75 ʤʤ.  

ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ L1 ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 

ὒҐ лΣрпуосὠ - мΣмнсрпὠ Ҍ ммΣсстсс.                (1) 

ʀʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʦʯʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ 

ʥʘ ʧʘʨʘʤʝʪʨʳ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 6 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ L1 ʦʪ ʥʘʛʨʫʟʢʠ, 

ʦʮʝʥʠʚʘʝʤʦʡ ʧʦ ʚʝʣʠʯʠʥʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ , ʥʘ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ. 

ʀʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʜʦʩʪʠʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ 

ʧʦʯʚʳ. 

 
ʈʠʩ.6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ  ʟʥʘʯʝʥʠʷ L1 ʦʪ 

ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʠ 

ʩʢʦʨʦʩʪʠ 2,78 ʤ/ʩ 

 

ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʥʘʛʨʫʟʢʠ ʦʪ 1,12 ʜʦ 3,36 

ʢʅ ʥʘ ʜʠʥʘʤʠʯʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ  ʟʥʘʯʝʥʠʷ 

L1 (ʨʠʩ. 6). 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʩʨʝʜʥʝʛʦ  ʟʥʘʯʝʥʠʷ L1 ʦʪ ʥʘʛʨʫʟʢʠ ʥʘ 

ʜʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

ὒ= - 0,05870Ὑ + 1,68910Ὑ + 9,73293. (2) 

ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʠ ʥʘʛʨʫʟʦʯʥʳʭ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʚʣʠʷʝʪ ʥʘ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʝʛʦ 

ʤʝʟʦʢʦʣʝʙʘʥʠʡ (ʨʠʩ. 7 ʠ 8). 
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ʈʠʩ. 7. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ɸ 

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ὠ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ɸ 

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ 

ʜʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʦʪ 1,94 

ʜʦ 3,61 ʤ/ʩ ʠ ʥʘʛʨʫʟʢʠ ʦʪ 1,12 ʜʦ 3,36 ʢʅ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜʳ 

ɸ ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

17,33 ʜʦ 23,59 ʤʤ (ʨʠʩʫʥʦʢ 7 ʠ 8). 

ɺʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ɸ ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ  ʠ ʥʘʛʨʫʟʢʠ Ὑ  

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ: 

ɸ = 5,73161ὠ - 28,08386ὠ + 50,26448.   (3) 

ɸ = 2,67477Ὑ - 9,20067Ὑ + 24,27727.   (4) 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ 

ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ )(wsʈ  

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ  ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 9. 

 

 

ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ )(wsʈ  

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ  ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ὠ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

1,94 ʜʦ 3,61 ʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʯʘʩʪʦʪʳ )(wsʈ  ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ 0,333 ʜʦ 

0,312 ʩ
-1

. 

ʇʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ )(wsʈ  

ʤʝʟʦʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ὠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʦʧʠʩʳʚʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

„̑(ɤ)= - 0,01512ὠ + 0,07141ὠ + 0,25133.  (5) 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ )(wsʈ  

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ 

ʜʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ (ʨʠʩ. 10). 
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ʈʠʩ. 10. ɿʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ )(wsʈ  

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ 

)(wsʈ  ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʦʪ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ 

ʜʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ ʚʳʛʣʷʜʠʪ ʪʘʢ: 

„(ɤ) = - 0,00651ὠ + 0,01985ὠ + 0,31895.(6) 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʝʛʦ ʢʨʳʣʘ  ὲ  ʥʘ 1 ʤ 

ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ 

(ʨʠʩ. 11 ʠ 12). 

 

 
ʈʠʩ. 11. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ 

ʢʨʳʣʘ  ὲ  ʦʪ  ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ὠ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ 

 
ʈʠʩ. 12. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ʢʦʣʝʙʘʥʠʡ 

ʢʨʳʣʘ  ὲ  ʦʪ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 1,94 ʜʦ 3,61 ʤ/ʩ ʠ 

ʥʘʛʨʫʟʢʠ ʦʪ 1,12 ʜʦ 3,36 ʢʅ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ  ὲ  ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 0,171 

ʜʦ 0,086 ʤ
-1

. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ 

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ  ὲ  ʦʪ ʩʢʦʨʦʩʪʠ ὠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʠ ʥʘʛʨʫʟʢʠ Ὑ  ʥʘ ʜʠʥʘʤʠʯʥʳʡ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ʦʧʠʩʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

ὲ= 0,01364ὠ - 0,12675ὠ + 0,36586, (7) 

ὲ= 0,01845ὠ - 0,12057ὠ + 0,28284. (8) 

ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ (1) ï (8) ʩʧʨʘʚʝʜʣʠʚʳ ʚ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ὠ ρȟωτ σȟφρ ʤ/ʩ ʠ ʥʘʛʨʫʟʢʠ Ὑ

̏ ̓ρȟρς ̋  ̊̅  ̏σȟσφ  ʢʅ ʥʘ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʧʨʠ 

ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ 12,5 ʩʤ.  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʦʚʝʨʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʢʦʣʝʙʘʥʠʡ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʝʪʝʨʤʠʥʘʮʠʠ, ʚʘʨʴʠʨʫʶʱʠʡʩʷ ʚ ʧʨʝʜʝʣʘʭ 

Ὑ πȟφψ πȟψσ. 
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ʆʰʠʙʢʘ  ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

Ὓɣ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 

0,0393 ï 0,1358. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ.  

ɺʳʚʦʜʳ 

ʋʩʪʘʥʦʚʣʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

ʝʛʦ ʩʢʦʨʦʩʪʥʳʤʠ ʠ ʥʘʛʨʫʟʦʯʥʳʤʠ ʨʝʞʠʤʘʤʠ. 

ʉʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ ʦʪ ʩʢʦʨʦʩʪʠ ʠ 

ʥʘʛʨʫʟʢʠ ʜʠʥʘʤʠʯʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʦʧʠʩʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

(1) ï (9) ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʜʝʪʝʨʤʠʥʘʮʠʠ 

Ὑ πȟφψ πȟψσ.  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʣʝʙʘʥʠʡ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʥʳʭ ʠ 

ʥʘʛʨʫʟʦʯʥʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ 

ʦʙʦʩʥʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʘʛʨʝʛʘʪʦʚ ʩ ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ.  
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ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ, ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʚ 

https://elibrary.ru/download/elibrary_22121391_67573525.pdf
https://elibrary.ru/download/elibrary_22121391_67573525.pdf
https://elibrary.ru/item.asp?id=25350458
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ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚʣʠʷʝʪ ʥʘ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʤʝʱʝʥʠʡ ʢʨʘʡʥʝʡ ʪʦʯʢʠ 

ʢʨʳʣʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ὠ ʦʪ 1,944 ʜʦ 3,611 ʤ/ʩ ʩʪʝʧʝʥʴ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

1,41 ï 2,08, ʘ ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2,58 ï 3,19. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ 

ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 
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Investigation of surface soil tilling process by dynamic (adaptive) working tools, taking into account the 

relationship between the changes of traction resistance and vibration of their moving (elastic) elements, is an 

urgent task, as it allows to optimise their structural and technological parameters and operation modes. The 

study objective was to determine the influence of vibration parameters of structural elements of a dynamic 

soil-tilling working tool on the basic characteristics of its traction resistance. The study focused on the 

patterns describing the changes in the traction resistance, its irregularity degree and coefficient of variation, 

and the horizontal travelling distance of the extreme point of the wing depending upon the travelling speed of 

the dynamic soil-tilling working tool. The study subjects were the practice of ploughless surface soil tillage 

and a dynamic soil-tilling working tool. In the study, the methods of mathematical modelling, experimental 

research, and resulting data analysis and integration were applied. The scientific novelty of the work was 

manifested in empirical dependencies to determine the average value, the unevenness degree and the 

variation coefficient and the travelling distance of the wing extreme point in the horizontal plane from the 

travelling speed of a dynamic soil-tilling working tool. The changes in the travelling speed of a dynamic soil-

tilling working tool were found to affect the average value, the degree of unevenness and the coefficient of 

variation of traction resistance as well as on the travelling distance of the wing extreme point in the 

horizontal plane. In the range of the travelling speed from 1.944 to 3.611 m/s, the degree of unevenness of 

the traction resistance of the dynamic working tool varied between 1.41 - 2.08, and the degree of unevenness 

of the travelling distance of the wing extreme point in the horizontal plane varied within 2. 58-3.19. The 
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established empirical dependencies are acceptable for predicting the average value, the variation coefficient 

and the unevenness degree of the traction resistance, the variation coefficient and the unevenness degree of 

the traveling distance of the wing extreme point in the horizontal plane.  

 

Key words: soil tillage, dynamic working tool, structural element, traction resistance, variation 

coefficient, unevenness degree.  
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ɺʚʝʜʝʥʠʝ 

ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʩ ʵʪʦʡ 

ʩʚʷʟʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠ ʟʘʨʫʙʝʞʥʳʝ ʫʯʝʥʳʝ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʠ 

ʘʛʨʝʛʘʪʳ ʩ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ [1], ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʫʤʝʥʴʰʝʥʠʷ ʫʧʣʦʪʥʝʥʠʷ ʧʦʯʚʳ, ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʦʧʨʝʜʝʣʝʥʳ ʪʝʥʜʝʥʮʠʠ 

ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʠʭ ʠʥʜʫʩʪʨʠʘʣʴʥʦʩʪʴ, 

ʘʜʘʧʪʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʫʨʦʞʘʝʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ [2]. 

ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʦʟʦʙʥʦʚʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʠʩʪʝʤʳ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʰʠʥ ʩʦ ʩʪʨʘʥʘʤʠ 

ʉʦʜʨʫʞʝʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʛʦʩʫʜʘʨʩʪʚ (ʉʅɻ) 

ʩ ʫʯʝʪʦʤ ʚʟʘʠʤʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʠ 

ʠʥʪʝʛʨʘʮʠʠ, ʯʪʦ ʚ ʠʪʦʛʝ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʋʯʝʥʳʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʥʘʧʨʠʤʝʨ 

ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩ 

ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [3], ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʠ ʦʙʦʩʥʦʚʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʦʯʚʳ ʧʦ 

ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʫʣʴʪʠʚʘʪʦʨʥʦʡ ʣʘʧʳ ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʨʦʰʘʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʦʙʦʩʥʦʚʘʥʳ ʧʘʨʘʤʝʪʨʳ ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʫʛʣʘʤʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

[4].  

ɺ ʩʪʘʪʴʝ [5] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʫʧʨʫʛʦ 

ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʢʫʣʴʪʠʚʘʪʦʨʥʦʛʦ ʄʊɸ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʞʠʤʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʭʦʜʘ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʥʦʤʫ 

ʠʩʪʠʨʘʥʠʶ ʧʦʯʚʝʥʥʦʛʦ ʬʦʥʘ ʨʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ [5].  ɸʚʪʦʨʘʤʠ ʨʘʙʦʪʳ [6] ʚʳʷʚʣʝʥʘ 

ʚʝʣʠʯʠʥʘ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʚʠʙʨʦʫʩʢʦʨʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʚʣʠʷʥʠʝ ʘʛʨʝʛʘʪʥʦʛʦ 

ʩʦʩʪʘʚʘ ʧʦʯʚʳ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʝʛʦ ʢʦʣʝʙʘʥʠʡ. ɺ 

ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʳ ʚ ʧʦʯʚʝ ʦʪ 44 % ʠ ʙʦʣʴʰʝ 

ʚʦʟʤʦʞʥʘ ʛʝʥʝʨʘʮʠʷ ʚʠʙʨʦʫʩʢʦʨʝʥʠʡ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʦ ʟʥʘʯʝʥʠʡ, 

ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ ʠ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʩʝʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʘʛʨʝʛʘʪʘ. 
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ɺʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ 

ʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʫʪʸʤ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʚʦʧʨʦʩʦʚ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʪʨʫʜʘʭ [7 ï 9, 11, 12]. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʫʩʢʦʨʝʥʥʦʛʦ ʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʥʘʜʝʣʝʥʥʳʭ ʩʚʦʡʩʪʚʘʤʠ 

ʜʠʥʘʤʠʯʥʦʩʪʠ (ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʜʘʧʪʠʨʫʝʤʳʝ 

ʢ ʧʦʯʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ). ʂʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ 2016-2019 

ʛʦʜʳ, ʪʘʢʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʣʠʷʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʠ ʪʝʤ 

ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦʢʫʶ ʠʭ ʪʦʧʣʠʚʥʫʶ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʢʦʣʝʙʘʥʠʷʤʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʝʛʦ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʟʚʦʣʠʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʥʘʣʠʟʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ  

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ (ʨʠʩ. 1) ʥʘ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʝʛʦ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʢʦʪʦʨʳʤʠ 

ʷʚʣʷʶʪʩʷ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ. 

 
ʈʠʩ. 1. ɼʠʥʘʤʠʯʥʳʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʡ 

ʨʘʙʦʯʠʡ ʦʨʛʘʥ 

ὒ - ʢʨʘʡʥʷʷ ʪʦʯʢʘ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ; 1 ï ʫʧʨʫʛʠʡ ʵʣʝʤʝʥʪ 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʙʘʟʝ çʂʨʘʩʥʘʷ ʉʣʘʚʷʥʢʘè 

ʀʥʩʪʠʪʫʪʘ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ - ʬʠʣʠʘʣʘ ʌɻɹʅʋ ʌʅɸʎ 

ɺʀʄ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʡ ʧʝʨʠʦʜ 2019 ʛʦʜʘ, 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʟʥʘʯʝʥʠʡ ʦʙʱʝʛʦ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ 

ʢʦʣʝʙʘʥʠʡ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ 

ʝʛʦ ʨʘʙʦʪʳ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʚʝʣʠʯʠʥ 

ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʤʝʥʝʝ 20ʩʝʢ. ʧʨʠ 

ʫʩʪʘʥʦʚʠʚʰʝʤʩʷ ʨʝʞʠʤʝ ʜʚʠʞʝʥʠʷ ʄʊɸ ʩ 3-

ʭ ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ ʜʣʷ ʢʘʞʜʦʛʦ 

ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʄʊɸ. ʉ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʀʇ 

264 ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

ï ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʘʥʘʣʦʚ ʜʘʪʯʠʢʘ 

ʫʩʠʣʠʷ ʠ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʠʷ ʩʪʨʝʣʴʯʘʪʦʡ 

ʯʘʩʪʠ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, Smg, Sm, ʤB; 

ï ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʘʪʯʠʢʘ ʧʫʪʠ ʟʘ 

ʦʜʥʫ ʩʝʢʫʥʜʫ Inc, ʠʤʧ.  
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ï ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʜʘʪʯʠʢʘ ʧʫʪʠ ʟʘ 

ʦʧʳʪ, In ʠʤʧ.  

ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʧʳʪʘ, ʊ ʩ. 

ʀʟʤʝʨʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʤʝʨʠʪʝʣʴʥʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀʀʂ-ʀɸʕʇ 

(ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʢʦʤʧʣʝʢʩ ʀʀʂ-ʀɸʕʇ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ-920 ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʩʣʝʜʫʶʱʠʭ ʧʦʯʚʝʥʥʳʭ ʫʩʣʦʚʠʡ: 

- ʪʠʧ ʧʦʯʚʳ ï ʜʝʨʥʦʚʦ-ʩʨʝʜʥʝʧʦʜʟʦʣʠʩʪʳʡ;  

- ʨʝʣʴʝʬ, ʛʨʘʜ ï 1-2; 

- ʛʨʝʙʥʠʩʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʩʤ ï 3-4; 

- ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʜʦ ʦʙʨʘʙʦʪʢʠ ʚ ʩʣʦʝ 5-20 

ʩʤ -  0,85 ï 1,0 ʄʇʘ; 

-  ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʚ ʩʣʦʝ 0 ï 10 ʩʤ ï 13,5 %, 

ʚ ʩʣʦʝ 10 ï 20 ʩʤ ï 16,8 %. 

ɼʘʥʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʪʠʧʠʯʥʳʤʠ ʜʣʷ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ ʟʦʥʳ ʈʌ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ 

[10]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʥʳʭ ʨʝʞʠʤʘʭ 

ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ.  

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ  6 ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ. 

 
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ  ὠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ 

ʦʪ 1,944 ʜʦ 3,611 ʤ/ʩ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

1,119 ʢʅ ʜʦ 3,363 ʢʅ (ʨʠʩ. 3). 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʧʠʩʳʚʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ: 

Ὑ= 0,45331ὠ - 1,17194ὠ + 1,68443.         (1) 

ʉʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ɿ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ 

ʚʝʣʠʯʠʥʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʘʧʘʩʘ ʪʷʛʦʚʦʛʦ 

ʫʩʠʣʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ.   

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʪʝʧʝʥʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ ʠʟʤʝʥʝʥʠʷ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ɿ ʚʝʣʠʯʠʥʳ 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19. ɺʳʧ. 4 (101)  
 

20 

 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʦʪ ʩʢʦʨʦʩʪʠ  ὠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

 ‏ ʠʟʤʝʥʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ‏

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

 

ɺ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ὠ ʦʪ 

1,944 ʜʦ 3,611 ʤ/ʩ ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ɿ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὑ  ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,41 

ï 2,08, ʘ ʩʪʝʧʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2,58 ï 3,19. ʊʦ ʝʩʪʴ, 

ʧʦʢʘʟʘʪʝʣʠ ɿ ʠ ɿ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʪʦʣʴʢʦ 

ʜʣʷ ʜʠʥʘʤʠʯʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʪʝʧʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɿ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

Ὑ  ʠ ɿ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ 

ʪʦʯʢʠ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚʳʨʘʞʘʶʪʩʷ 

ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

 0,59542ὠ + 3,00342ὠ - 1,66848, (2) - =‏

 0,74283ὠ - 4,01122ὠ + 7,99057. (3) =‏

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʢʦʣʝʙʘʥʠʡ ʚ 

ʢʨʘʡʥʝʡ ʪʦʯʢʝ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʠʭ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʤʦʪʨʠʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʘʨʠʘʮʠʠ ’ ʠ ’ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ’ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ’ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ὠ ʝʛʦ ʜʚʠʞʝʥʠʷ.  

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ’ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ’ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʪ 

ʩʢʦʨʦʩʪʠ ὠ ʝʛʦ ʜʚʠʞʝʥʠʷ 

 

ɺ ʧʨʝʜʝʣʘʭ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ὠ ʦʪ 

1,944 ʜʦ 3,611 ʤ/ʩ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ’ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʘʨʴʠʨʫʝʪ ʚ 

ʧʨʝʜʝʣʘʭ 0,319 ï 0,372, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ’ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ 

ʪʦʯʢʠ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ï 

ʚ ʧʨʝʜʝʣʘʭ 0,430 ï 0,532.   

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ’ ʪʷʛʦʚʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ’ ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ 

ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʦʧʠʩʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 

’= - 0,075569ὠ + 0,42039ὠ - 0,21265, (4) 

’= 0,12380ὠ - 0,66854ὠ + 1.33176. (5) 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʥʘʤʠʯʥʳʭ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

(ʜʠʩʧʝʨʩʠʠ) ʠʭ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 2,7 ï 3,6 ʤ/ʩ, ʘ ʧʘʨʘʤʝʪʨʳ ʫʧʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ’ 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 0,43 ï 

0,52.  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʝʤʣʝʤʳ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʰʠʨʠʥʳ 

ʟʘʭʚʘʪʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ, ʚʘʨʴʠʨʫʶʱʠʡ ʚ 

ʧʨʝʜʝʣʘʭ R = 0,824 ï 0,911. ʆʰʠʙʢʘ  

ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 0,0393 ï 0,1358. 

ɺʳʚʦʜʳ 

ʋʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. 

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʩ 

ʜʠʥʘʤʠʯʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ.  

ʋʩʪʘʥʦʚʣʝʥʘ ʪʝʩʥʘʷ ʩʚʷʟʴ ʩʨʝʜʥʝʛʦ 

ʟʥʘʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 

ʚʝʣʠʯʠʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʰʠʨʠʥʳ 

ʟʘʭʚʘʪʘ ʜʠʥʘʤʠʯʥʦʛʦ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʦʧʠʩʳʚʘʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ R = 0,824 ï 

0,911.  

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʟʤʝʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʠ ʩʪʝʧʝʥʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʰʠʨʠʥʳ ʟʘʭʚʘʪʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ  ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʠʥʘʤʠʯʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ 

(ʜʠʩʧʝʨʩʠʠ) ʠʭ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʩʢʦʨʦʩʪʝʡ ʜʦʣʞʝʥ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 2,7 ï 3,6 ʤ/ʩ, ʘ ʧʘʨʘʤʝʪʨʳ ʫʧʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ ’ ʚʝʣʠʯʠʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʢʨʘʡʥʝʡ ʪʦʯʢʠ ʢʨʳʣʘ 

ʜʠʥʘʤʠʯʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 0,43 ï 

0,52.  
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ʧʨʦʧʘʰʥʳʤ ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʩ ʧʘʩʩʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʩʘʜʢʠ 

ʢʘʨʪʦʬʝʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʝʙʥʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʩʝʚʦʤ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ, 

ʢʦʪʦʨʘʷ ʠ ʚʳʩʪʫʧʘʝʪ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ, ʵʩʢʠʟʥʘʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ. ʂʫʣʴʪʠʚʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʘʤʫ 

ʛʣʫʙʦʢʦʨʳʭʣʷʱʠʭ ʩʪʦʝʢ ʩ ʦʢʫʯʠʚʘʶʱʠʤʠ ʢʦʨʧʫʩʘʤʠ, ʦʧʦʨʥʳʭ ʢʦʣʝʩ, ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʚʳʩʝʚʘʶʱʝʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʩ  ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʠ ʨʦʪʘʮʠʦʥʥʳʭ ʙʦʨʦʥʦʢ. ʂʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ  ʢʘʨʪʦʬʝʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʚ ʤʝʞʜʫʨʷʜʴʷʭ; ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʦʙʲʝʤʥʳʭ ʛʨʝʙʥʝʡ; ʚʳʩʝʚ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʝʙʥʝʡ ʧʦ ʚʩʝʤʫ ʠʭ ʧʝʨʠʤʝʪʨʫ 

ʠ ʟʘʜʝʣʢʫ ʩʝʤʷʥ ʚ ʧʦʯʚʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʟʜʝʣʳʚʘʥʠʝ ʢʘʨʪʦʬʝʣʷ, ʤʥʦʛʦʮʝʣʝʚʦʡ ʧʨʦʧʘʰʥʦʡ ʢʫʣʴʪʠʚʘʪʦʨ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʠʜʝʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ. 
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An important trend in enhancing the cultivation technologies of row crops, potatoes, in particular, is the 

protection of soils on formed surfaces from water and wind erosion. The reduced intensity of erosion 

processes can be achieved by improving the techniques and machines for potato growing, which would 

provide the water runoff and topsoil retirement control. The most promising is the technological method of 

hardening the ridges and the weed control through seeding the green manure crops on their surface and 

subsequent packing by profiled cage rollers, as well as further destruction of green manure seedlings during 

the growing season. It is rational to sow the green manure crops on a formed surface using pneumatic sowing 

modules, which can be part of combined soil cultivating or planting units. The seeds can be introduced 

during the final ridge shaping with a row cultivator with passive working tools immediately after potato 

planting. The study objective was to design a multi-purpose row cultivator for the ridge formation and 

simultaneous sowing of green manure seeds. The arrangement scheme and draft design documentation were 

developed and a prototype of the implement was manufactured. The cultivator consisted of the frame-

mounted deep-loosening rigid supports with hilling shovels, support wheels, a pneumatic sowing device with 

a distribution system, and rotary harrows. The design provided the differentiated soil cultivation immediately 

after the potato planting with the following technological operations: deep inter-row soil loosening; final 
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shaping of ridges; sowing of green manure seeds on the entire ridge surface and incorporating the seeds in 

the soil. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ  ʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʦʧʘʰʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʢʘʨʪʦʬʝʣʷ, ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʧʦʯʚ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʪ ʚʦʜʥʦʡ ʠ 

ʚʝʪʨʦʚʦʡ ʵʨʦʟʠʠ [1].  

ʊʝʭʥʦʣʦʛʠʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʤʝʣʢʦʢʦʤʢʦʚʘʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʯʚʳ ʚ 

ʛʨʝʙʥʷʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [2, 3]. ʊʘʢʘʷ 

ʩʪʨʫʢʪʫʨʘ  ʧʦʜʚʝʨʞʝʥʘ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʪʨʝʙʫʝʪ ʫʧʨʦʯʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʝʡ ʩ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʠʝʤʦʚ. ʇʨʦʚʝʜʝʥʥʳʡ ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʠ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [4-6] 

ʧʦʢʘʟʘʣ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʝʤʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʧʨʦʯʥʝʥʠʝ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʣʷ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʥʠʭ 

ʷʚʣʷʶʪʩʷ: ʧʨʠʢʘʪʳʚʘʥʠʝ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ c ʧʦʤʦʱʴʶ ʘʢʪʠʚʥʦʛʦ 

ʢʘʪʢʘ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʢʘʨʪʦʬʝʣʝʧʦʩʘʜʦʯʥʳʭ ʤʘʰʠʥʘʭ ʠʣʠ 

ʢʫʣʴʪʠʚʘʪʦʨʘʭ ʜʣʷ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʘʩʩʠʚʥʦʡ ʛʨʝʙʥʝʦʙʨʘʟʫʶʱʝʡ ʧʣʠʪʳ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʩʧʝʮʠʘʣʴʥʳʭ ʫʜʣʠʥʠʪʝʣʝʡ; 

ʧʨʠʢʘʪʳʚʘʥʠʝ ʛʨʝʙʥʝʡ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ 

ʧʨʫʪʢʦʚʳʤʠ ʢʘʪʢʘʤʠ [7]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʨʠʝʤʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʢʦʪʦʨʦʝ ʫʧʣʦʪʥʝʥʠʝ ʧʦʯʚʳ 

ʚʥʫʪʨʠ ʛʨʝʙʥʷ (ʛʨʷʜʳ), ʯʪʦ ʫʭʫʜʰʘʝʪ 

ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʘ 

ʪʘʢʞʝ ʫʭʫʜʰʘʝʪ ʫʩʣʦʚʠʷ ʚʧʠʪʳʚʘʥʠʷ ʚʣʘʛʠ 

ʠʟ-ʟʘ ʟʘʢʫʧʦʨʢʠ ʢʘʧʠʣʣʷʨʦʚ ʧʦ ʚʩʝʤʫ 

ʧʝʨʠʤʝʪʨʫ ʛʨʝʙʥʷ ʠ ʧʦʚʳʰʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʪʦʢʘ ʚʦʜʳ ʚʜʦʣʴ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʫʧʨʦʯʥʝʥʠʷ ʛʨʝʙʥʝʡ 

ʠ ʙʦʨʴʙʳ ʩ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʧʨʠ 

ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ ʩ ʧʦʤʦʱʴʶ ʧʦʩʝʚʘ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʴ, ʩ 

ʧʨʠʢʘʪʳʚʘʥʠʝʤ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ 

ʧʨʫʪʢʦʚʳʤʠ ʢʘʪʢʘʤʠ ʠ ʜʘʣʴʥʝʡʰʠʤ 

ʫʥʠʯʪʦʞʝʥʠʝʤ ʚʩʭʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ 

[8]. 

ɹʣʘʛʦʜʘʨʷ ʢʦʨʦʪʢʦʤʫ ʚʝʛʝʪʘʮʠʦʥʥʦʤʫ 

ʧʝʨʠʦʜʫ ʩʠʜʝʨʘʪʳ ʩʧʦʩʦʙʥʳ ʥʘʨʘʱʠʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʠ 

ʨʘʟʚʠʚʘʪʴ ʤʦʱʥʫʶ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ.  

ʉʠʜʝʨʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ, ʧʦʩʝʷʥʥʳʝ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʙʳʩʪʨʦ 

ʧʨʦʨʘʩʪʘʶʪ, ʪʝʤ ʩʘʤʳʤ ʫʧʨʦʯʥʷʶʪ ʩʚʦʝʡ 

ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʦʡ ʚʝʨʭʥʠʡ ʩʣʦʡ ʧʦʯʚʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʝʙʥʝʡ. 

ʈʘʩʪʠʪʝʣʴʥʳʡ ʧʦʢʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʡ 

ʩʠʜʝʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ, ʦʢʘʟʳʚʘʝʪ 

ʚʳʩʦʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʨʦʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʝʜʦʭʨʘʥʷʷ ʧʦʯʚʫ ʦʪ ʩʤʳʚʘ ʠʣʠ 

ʚʳʜʫʚʘʥʠʷ, ʩʥʠʞʘʷ ʩʣʦʡ ʩʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ 

ʩʪʝʢʘʥʠʷ [9-12].  ʉʠʜʝʨʘʪʳ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʛʥʝʪʝʥʠʶ ʩʦʨʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʜʥʦ-

ʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʯʚʝ ʧʨʠ 

ʠʟʤʝʥʷʶʱʠʭʩʷ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ. 

ɺʳʩʝʚ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦ 

ʚʳʧʦʣʥʷʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʥʝʚʤʘ-
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʪʠʯʝʩʢʠʭ ʚʳʩʝʚʘʶʱʠʭ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʚʭʦʜʠʪʴ  ʚ ʩʦʩʪʘʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠʣʠ ʧʦʩʘʜʦʯʥʳʭ 

ʘʛʨʝʛʘʪʦʚ. ʉʝʤʝʥʘ ʩʠʜʝʨʘʪʦʚ ʤʦʛʫʪ 

ʚʥʦʩʠʪʴʩʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʧʦʣʥʦʦʙʲʝʤʥʳʭ ʛʨʝʙʥʝʡ ʧʨʦʧʘʰʥʳʤ 

ʢʫʣʴʪʠʚʘʪʦʨʦʤ ʩ ʧʘʩʩʠʚʥʳʤʠ ʨʘʙʦʯʠʤʠ 

ʦʨʛʘʥʘʤʠ  ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʩʘʜʢʠ 

ʢʘʨʪʦʬʝʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʘ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʝʙʥʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʩʝʚʦʤ ʩʝʤʷʥ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʤʘʰʠʥʳ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʥʘʤʠ ʚ 2017 ʛʦʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʦʙʨʘʟʝʮ ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ-

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷ [13-16] (ʨʠʩ. 1). 

 
ʙ) 

 
ʘ) 

ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ ʧʨʦʧʘʰʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ-ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʷ: 

 ʘ) ʥʘ ʧʣʦʱʘʜʢʝ; ʙ) ʚ ʨʘʙʦʪʝ 

ʂʦʥʩʪʨʫʢʮʠʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʛʨʝʙʥʝʚʳʭ 

ʧʦʩʘʜʦʢ ʢʘʨʪʦʬʝʣʷ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: 

ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʚ ʤʝʞʜʫʨʷʜʴʷʭ; 

ʦʢʫʯʠʚʘʥʠʝ ʛʨʝʙʥʝʡ; ʨʳʭʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʨʝʙʥʝʡ ʧʦ ʚʩʝʤʫ ʠʭ ʧʝʨʠʤʝʪʨʫ ʠ 

ʚʳʯʝʩʳʚʘʥʠʝ ʩʦʨʥʷʢʦʚ ʚ ʩʪʘʜʠʠ ʙʝʣʦʡ ʥʠʪʢʠ. 

ɼʣʷ ʧʦʩʝʚʘ ʩʝʤʷʥ ʩʠʜʝʨʘʪʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʝʙʥʝʡ ʨʘʮʠʦʥʘʣʴʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʧʥʝʚʤʘʪʠʯʝʩʢʠʝ 

ʚʳʩʝʚʘʶʱʠʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʛʨʝʛʘʪʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʝʚʘʶʱʠʭ 

ʤʦʜʫʣʝʡ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ [17-20] ʜʣʷ 

ʨʝʰʝʥʠʷ ʥʘʰʠʭ ʟʘʜʘʯ ʚʳʙʨʘʥʦ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʚʳʩʝʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

ʬʠʨʤʳ APV (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2. ʇʥʝʚʤʘʪʠʯʝʩʢʠʝ ʚʳʩʝʚʘʶʱʠʝ 

ʫʩʪʨʦʡʩʪʚʘ 

 

ʄʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʩʝʚʘ ʩʝʤʷʥ 

ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʠ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ 

ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ. ʄʦʜʫʣʴ 

ʧʦʟʚʦʣʷʝʪ ʚʥʦʩʠʪʴ ʩʝʤʝʥʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʢʘʢ ʦʪʜʝʣʴʥʦ, 

ʪʘʢ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʨʦʚʝʜʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ 

ʚʳʧʦʣʥʷʝʤʳʭ ʙʘʟʦʚʳʤʠ ʘʛʨʝʛʘʪʘʤʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʬʣʝʢʪʦʨʦʚ  (ʦʪʙʦʡʥʳʭ 

ʧʣʘʩʪʠʥ) (ʨʠʩ. 2) ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ 
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ʚʦʟʨʘʩʪʘʥʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʝʤʷʥ ʥʘ ʛʨʝʙʥʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ ï ʚʝʪʨʘ.  

ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ 

ʥʝʜʦʩʪʘʪʢʘ ʧʨʦʚʝʜʝʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʚʳʩʝʚʘ ʧʫʪʝʤ 

ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʚʳʩʝʚʘ ʩʝʤʷʥ (ʨʠʩ. 3), ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ 

ʜʠʬʬʫʟʦʨʦʚ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʘ 

ʥʘ ʨʠʩ. 5 [7]. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʜʠʬʬʫʟʦʨʘ 

 

ʂʦʥʩʪʨʫʢʮʠʶ ʜʠʬʬʫʟʦʨʘ ʫʩʣʦʚʥʦ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʯʘʩʪʠ. ʇʝʨʚʘʷ ʯʘʩʪʴ (1) ï 

ʰʪʫʮʝʨ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʩʝʤʷʧʨʦʚʦʜʘ ʦʪ ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ 

ʚʳʩʝʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺʪʦʨʘʷ ʯʘʩʪʴ (2) ï 

ʩʘʤ ʜʠʬʬʫʟʦʨ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ 

ʜʝʣʠʪʝʣʴ. ɼʝʣʠʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʜʝʣʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩ ʩʝʤʝʥʘʤʠ, ʩ 

ʮʝʣʴʶ ʝʛʦ ʣʫʯʰʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʥʫʪʨʠ 

ʜʠʬʬʫʟʦʨʘ. ɺ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʜʝʣʠʪʩʷ ʥʘ 2 ʯʘʩʪʠ. ʊʨʝʪʴʷ 

ʯʘʩʪʴ (3) ï ʢʦʥʬʫʟʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʷ [7]. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʝʙʥʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 

ʚʳʩʝʚʦʤ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʨʠʩ.4). 

ʂʫʣʴʪʠʚʘʪʦʨ ʩʦʩʪʦʠʪ ʠʟ 

ʧʥʝʚʤʘʪʠʯʝʩʢʦʛʦ ʚʳʩʝʚʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 1, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 2, 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʭ ʧʨʫʪʢʦʚʳʭ ʢʘʪʢʦʚ 3, 

ʦʢʫʯʠʚʘʶʱʝʛʦ ʢʦʨʧʫʩʘ 4, ʦʧʦʨʥʦʛʦ ʢʦʣʝʩʘ 5 

ʠ ʛʣʫʙʦʢʦʨʳʭʣʷʱʝʡ ʩʪʦʡʢʠ 6. 

 

 
ʈʠʩ. 4. ʂʦʤʧʦʥʦʚʦʯʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ 

1 ï ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʚʳʩʝʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ; 2 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ;  

3 ï ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʧʨʫʪʢʦʚʳʡ ʢʘʪʦʢ;  

4 ï ʦʢʫʯʠʚʘʶʱʠʡ ʢʦʨʧʫʩ; 5 ï ʦʧʦʨʥʦʝ 

ʢʦʣʝʩʦ; 6 ï ʛʣʫʙʦʢʦʨʳʭʣʷʱʘʷ ʩʪʦʡʢʘ. 

 

ʈʘʟʨʘʙʦʪʘʥʘ ʵʩʢʠʟʥʘʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ 

ʢʫʣʴʪʠʚʘʪʦʨʘ, ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ (ʨʠʩ. 5) 

 

ʈʠʩ. 5. ʉʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʤʥʦʛʦʮʝʣʝʚʦʛʦ 

ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ 

1 ï ʧʥʝʚʤʘʪʠʯʝʩʢʦʝ ʚʳʩʝʚʘʶʱʝʝ 

ʫʩʪʨʦʡʩʪʚʦ; 2 ï ʛʣʫʙʦʢʦʨʳʭʣʷʱʘʷ-ʦʢʫʯʠʚʘʶʱʘʷ 

ʩʪʦʡʢʘ; 3 ï ʢʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ ʩʝʷʣʢʠ ʢ 

ʢʫʣʴʪʠʚʘʪʦʨʫ; 4 ï ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ;  

5 ï ʦʧʦʨʥʦʝ ʢʦʣʝʩʦ; 6 ï ʧʨʫʪʢʦʚʳʡ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʡ ʢʘʪʦʢ; 7 ï ʨʘʤʘ 

ʢʫʣʴʪʠʚʘʪʦʨʘ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ 
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ʠʟʛʦʪʦʚʣʝʥʳ ʜʝʪʘʣʠ ʠ ʧʨʦʚʝʜʝʥʘ ʩʙʦʨʢʘ 

ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʛʨʝʙʥʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʩʝʚʦʤ ʩʝʤʷʥ 

ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ (ʨʠʩ. 6). ɺ ʩʚʷʟʠ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʨʫʪʢʦʚʳʭ ʢʘʪʢʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʣʷ ʟʘʜʝʣʢʠ ʩʝʤʷʥ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʦʪʘʮʠʦʥʥʳʝ ʙʦʨʦʥʳ ɹʈʋ-0,7. 

 

 

 
ʈʠʩ. 6. ʄʥʦʛʦʮʝʣʝʚʦʡ ʧʨʦʧʘʰʥʦʡ ʢʫʣʴʪʠʚʘʪʦʨ 

ʜʣʷ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ 

 

ʄʥʦʛʦʮʝʣʝʚʦʡ ʧʨʦʧʘʰʥʦʡ ʢʫʣʴʪʠʚʘʪʦʨ 

ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴʥʘʷ ʣʘʧʘ ʥʘ ʞʝʩʪʢʦʡ 

ʩʪʦʡʢʝ  ʚʳʧʦʣʥʷʝʪ ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ 

ʩ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʫʧʣʦʪʥʝʥʥʳʭ ʟʦʥ ʚ 

ʤʝʞʜʫʨʷʜʴʷʭ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʧʨʦʭʦʜʘʤʠ ʢʦʣʝʩ 

ʪʨʘʢʪʦʨʘ ʠ ʧʦʩʘʜʦʯʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʘ ʪʘʢʞʝ 

ʬʦʨʤʠʨʫʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʚʦʟʜʝʣʳʚʘʝʤʳʭ 

ʢʫʣʴʪʫʨ. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʛʣʫʙʠʥʳ ʭʦʜʘ 

ʛʣʫʙʦʢʦʨʳʭʣʠʪʝʣʴʥʦʡ ʣʘʧʳ ʜʦʩʪʠʛʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʩʪʦʡʢʠ ʧʦ 

ʚʳʩʦʪʝ ʥʘ ʨʘʤʝ ʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 40 ʩʤ. 

ʇʦʟʘʜʠ ʠʜʫʱʠʡ ʦʢʫʯʠʚʘʶʱʠʡ ʢʦʨʧʫʩ 

ʚʳʧʦʣʥʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʦʛʦ 

ʨʳʭʣʦʛʦ ʛʨʝʙʥʷ, ʥʘʧʨʘʚʣʷʷ ʧʦʯʚʫ ʠʟ 

ʤʝʞʜʫʨʷʜʴʷ ʢ ʮʝʥʪʨʫ ʨʷʜʢʘ ʧʝʨʴʝʚʳʤʠ 

ʦʪʚʘʣʘʤʠ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʣʘʩʪ ʧʦʯʚʳ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʢʨʦʰʝʥʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʳʭʣʫʶ ʤʝʣʢʦʢʦʤʢʦʚʘʪʫʶ ʩʪʨʫʢʪʫʨʫ ʚʥʫʪʨʠ 

ʛʨʝʙʥʷ.  

ɺ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʦʯʚʫ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʩʝʚ ʩʝʤʷʥ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʤ ʚʳʩʝʚʘʶʱʠʤ ʤʦʜʫʣʝʤ ʯʝʨʝʟ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

ʉʣʝʜʫʶʱʘʷ ʟʘ ʥʠʤ ʨʦʪʘʮʠʦʥʥʘʷ ʙʦʨʦʥʘ 

ɹʈʋ-0.7 ʚʳʧʦʣʥʷʝʪ ʟʘʜʝʣʢʫ ʩʝʤʷʥ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʥʘ ʙʦʨʦʟʜʳ. 

ʂʨʦʥʰʪʝʡʥ ʢʨʝʧʣʝʥʠʷ ʜʠʬʬʫʟʦʨʘ ʢ ʨʘʤʝ 

ʤʘʰʠʥʳ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʨʦʬʠʣʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʨʘʤʳ 

ʤʘʰʠʥʳ ʜʦ ʟʘʜʝʣʳʚʘʶʱʠʭ ʦʨʛʘʥʦʚ ʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʝʙʥʷ, ʯʪʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʳ 

ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʚ 2020 ʛʦʜʫ. 

ɺʳʚʦʜʳ 

1. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʪʦʢʦʚ ʚʦʜ, ʘ ʪʘʢ 

ʞʝ ʟʘʱʠʪʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʧʦʯʚʳ ʦʪ 

ʚʳʜʫʚʘʥʠʷ. 

2.  ʗʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʝʤ ʫʧʨʦʯʥʝʥʠʷ ʛʨʝʙʥʝʡ, 

ʙʦʨʴʙʳ ʩ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʦʜʥʦ-ʚʦʟʜʫʰʥʦʛʦ ʨʝʞʠʤʘ 

ʧʦʯʚʳ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʢʘʨʪʦʬʝʣʷ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʝʚʘ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʧʨʠʢʘʪʳʚʘʥʠʝʤ 

ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʤʠ ʧʨʫʪʢʦʚʳʤʠ ʢʘʪʢʘʤʠ ʠ 

ʜʘʣʴʥʝʡʰʠʤ ʫʥʠʯʪʦʞʝʥʠʝʤ ʚʩʭʦʜʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʚʝʛʝʪʘʮʠʠ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʧʨʦʧʘʰʥʦʛʦ ʢʫʣʴʪʠʚʘʪʦʨʘ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʝʙʥʝʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 
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ʚʳʩʝʚʦʤ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʥʦʚʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ  ʢʘʨʪʦʬʝʣʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʧʦʩʘʜʢʠ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ: ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ ʧʦʯʚʳ ʚ 

ʤʝʞʜʫʨʷʜʴʷʭ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʳʭ 

ʛʨʝʙʥʝʡ; ʚʳʩʝʚ ʩʝʤʷʥ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʨʝʙʥʝʡ ʠ ʟʘʜʝʣʢʫ ʩʝʤʷʥ ʚ 

ʧʦʯʚʫ. 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʠ ʩʝʣʴʭʦʟʤʘʰʠʥʦʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʙʨʘʟʦʚʘʥʥʘʷ ʥʘʧʨʘʚʣʷʶʱʘʷ ʱʝʣʴ ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʚ ʪʝʯʝʥʠʝ ʧʨʦʚʝʜʝʥʥʳʭ ʤʝʞʜʫʨʷʜʥʳʭ 

ʦʙʨʘʙʦʪʦʢ ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ  ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʞʜʫʨʷʜʥʳʭ ʦʙʨʘʙʦʪʦʢ. ʇʨʠ ʵʪʦʤ 

ʪʦʯʥʦʩʪʴ ʚʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,2 ʩʤ. 
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The article describes the ways of orienting a power device in the between-row soil tillage. It is noted 

that the travelling accuracy the working tools between the rows is affected by the physiological capabilities 

of an operator.  The greatest accuracy is ensured when the landmark associated with the row spacing - the 

ñguiding slotò, orients the agricultural machine. For this purpose, a special tool (adapter-slot maker) was 

designed, which is installed between the tractor and the agricultural machine. The studies have shown that 

the formed guiding slot retains its parameters during several inter-row tilling and can serve as a landmark in 

these operations, proving 1.2 to 1.5 cm plant protective zone.  
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ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʪʦʣʦʚʳʭ 

ʢʦʨʥʝʧʣʦʜʦʚ ʚ ʩʠʩʪʝʤʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʝʚʦʦʙʦʨʦʪʘ ʩʘʤʘʷ ʪʨʫʜʦʝʤʢʘʷ ʦʧʝʨʘʮʠʷ ï 

ʵʪʦ ʧʨʦʚʝʜʝʥʠʝ ʧʨʦʧʦʣʦʢ ʧʦʩʝʚʦʚ ʚʨʫʯʥʫʶ, 

ʪʘʢ ʢʘʢ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʧʨʠʤʝʥʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ [1,2].  

ʇʨʠ ʤʝʞʜʫʨʷʜʥʳʭ ʦʙʨʘʙʦʪʢʘʭ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʫʜʘʣʝʥʠʝ ʩʦʨʥʷʢʦʚ ʚ 

ʤʝʞʜʫʨʷʜʴʷʭ. ɿʦʥʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ ʠ 

ʟʘʱʠʪʥʘʷ ʧʦʣʦʩʘ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚʨʫʯʥʫʶ. 

ɼʦ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʚʠʪʦʡ ʙʦʪʚʳ, ʥʘʧʨʠʤʝʨ ʫ 

ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ, ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʜʚʝ-

ʪʨʠ ʧʨʦʧʦʣʢʠ [3]. ʇʣʦʱʘʜʴ ʧʨʦʧʦʣʢʠ ʟʘʚʠʩʠʪ 

ʦʪ ʪʦʯʥʦʩʪʠ ʚʦʞʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ ʧʦ ʤʝʞʜʫʨʷʜʴʷʤ. ʅʘ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ, ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʢʦʨʥʝʧʣʦʜʦʚ, ʛʨʝʙʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ  ʧʨʠ 

ʤʝʞʜʫʨʷʜʥʳʭ ʦʙʨʘʙʦʪʢʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʘʧʨʘʚʣʷʶʱʘʷ ʙʦʨʦʟʜʘ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʘʛʨʝʛʘʪʘ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʙʦʨʦʟʜʝ ʟʘʱʠʪʥʘʷ ʟʦʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 6 ʩʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʧʨʠ ʰʠʨʠʥʝ ʩʪʨʦʢʠ 6é7 ʩʤ, 

ʥʝʦʙʨʘʙʦʪʘʥʥʘʷ ʤʝʭʘʥʠʯʝʩʢʠ, ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴ 18é20 ʩʤ ʠʣʠ ʦʢʦʣʦ 30% 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʷ [4]. ʇʨʠ ʧʨʦʧʦʣʢʝ 

ʚʨʫʯʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 36 

ʤ
2
/ʯ ʠʣʠ 320 ʯʝʣ/ʯ ʥʘ ʛʝʢʪʘʨ. 

ʇʨʠ ʫʨʦʚʥʝ ʦʧʣʘʪʳ ʪʨʫʜʘ ʧʨʠʚʣʝʯʝʥʥʳʭ 

ʨʘʙʦʯʠʭ ʥʘ ʧʨʦʧʦʣʢʝ 1000 ʨʫʙʣʝʡ ʚ ʩʤʝʥʫ, 

ʟʘʪʨʘʪʳ ʥʘ ʜʘʥʥʫʶ ʦʧʝʨʘʮʠʶ ʤʦʛʫʪ 

ʩʦʩʪʘʚʣʷʪʴ 40,0é80,0 ʪʳʩʷʯ ʨʫʙʣʝʡ ʥʘ 

ʛʝʢʪʘʨ. ʉʥʠʞʝʥʠʝ ʪʨʫʜʦʟʘʪʨʘʪ ʧʦʚʳʰʘʝʪ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʚʦʱʝʡ.  

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʞʜʝʥʠʷ 

ʩʝʣʴʭʦʟʘʛʨʝʛʘʪʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʚʳʧʫʩʢʘʶʪʩʷ ʢʫʣʴʪʠʚʘʪʦʨʳ, ʫʧʨʘʚʣʷʝʤʳʝ 

ʦʧʝʨʘʪʦʨʦʤ [5,6]. ʅʝʜʦʩʪʘʪʢʦʤ ʦʙʦʠʭ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ  ʩʧʦʩʦʙʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʪʦʯʥʦʩʪʴ ʜʚʠʞʝʥʠʷ  ʢʫʣʴʪʠʚʘʪʦʨʘ ʟʘʚʠʩʠʪ  ʦʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ. 

ɺʦʞʜʝʥʠʝ ʘʛʨʝʛʘʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ  ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʨʘʙʦʪ ʠ ʧʨʠʦʙʨʝʪʝʥʠʶ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [7] ʠ ʧʨʠ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʥʝʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 

ʅʘʠʙʦʣʝʝ ʪʦʯʥʦʝ ʚʦʞʜʝʥʠʝ 

ʩʝʣʴʭʦʟʤʘʰʠʥʳ ʧʦ ʤʝʞʜʫʨʷʜʴʷʤ ʚʦʟʤʦʞʥʦ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʨʠʝʥʪʠʨʘ ʥʘ ʧʦʣʝ, ʫʚʷʟʘʥʥʦʛʦ 

ʩ ʤʝʞʜʫʨʷʜʴʷʤʠ. ʇʦʜʦʙʥʘʷ ʨʘʙʦʪʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ɺʩʝʩʦʶʟʥʳʤ ʠʥʩʪʠʪʫʪʦʤ 

ʦʨʦʩʠʪʝʣʴʥʦʛʦ ʦʚʦʱʝʚʦʜʩʪʚʘ ʠ ʙʘʭʯʝʚʦʜʩʪʚʘ 

(ɺʅʀʀʆɹ). ʊʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʣʳʚʘʥʠʠ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠ ʥʘʨʝʟʢʫ 

ʧʨʠ ʧʦʩʝʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʛʣʫʙʣʝʥʠʷ 

(ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ), ʢʦʪʦʨʦʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʨʠʝʥʪʠʨʦʚʘʣʦ 

ʩʝʣʴʭʦʟʤʘʰʠʥʳ ʧʨʠ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ 

ʥʘʟʚʘʥʠʝ çɸʩʪʨʘʭʘʥʩʢʘʷè [8]. 

ʅʘʨʝʟʢʘ ʫʛʣʫʙʣʝʥʠʷ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʱʝʣʠ) ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, 

ʩʥʘʙʞʝʥʥʳʤʠ ʥʦʞʘʤʠ - ʱʝʣʝʨʝʟʘʤʠ, 

ʢʦʪʦʨʳʝ ʤʦʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʨʘʤʝ 

ʩʝʣʴʭʦʟʤʘʰʠʥʳ ʠ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʦʙʨʘʙʦʪʢʘʭ ʦʨʠʝʥʪʠʨʦʚʘʣʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʱʝʣʷʤ. 

ʆʨʠʝʥʪʘʮʠʷ ʩʝʣʴʭʦʟʤʘʰʠʥ ʧʦ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʱʠʪʥʫʶ ʟʦʥʫ ʧʨʠ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʥʦ ʚʩʣʝʜʩʪʚʠʝ 

ʪʨʫʜʦʝʤʢʦʩʪʠ ʤʦʥʪʘʞʘ ʠ ʨʝʛʫʣʠʨʦʚʢʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʧʦʣʫʯʠʣʘ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʘʤʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʣʴʭʦʟʤʘʰʠʥ ʥʝ 

ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʧʨʠ ʥʘʨʝʟʢʝ ʱʝʣʠ. 

ʉʦʟʜʘʥʠʝ ʦʨʠʝʥʪʠʨʘ ʥʘ ʧʦʣʝ, ʫʚʷʟʘʥʥʦʛʦ 

ʩ ʤʝʞʜʫʨʷʜʴʷʤʠ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʚʦʞʜʝʥʠʷ ʩʝʣʴʭʦʟʤʘʰʠʥ ʧʨʠ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʦʜʷʪʩʷ ʢʘʢ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ [9,10,11], ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʚ 

ʦʩʥʦʚʥʦʤ ʦʥʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ 

ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ 

ʥʘʧʨʘʚʣʷʶʱʫʶ ʱʝʣʴ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʩʫʱʠʭ 

çɸʩʪʨʘʭʘʥʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠè, ʩʚʷʟʘʥʥʳʭ ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʠ ʨʝʛʫʣʠʨʦʚʢʦʡ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ 

ʜʣʷ ʥʘʨʝʟʢʠ ʱʝʣʝʡ ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʤʘʰʠʥʝ, ʚ ʀɸʕʇ ï ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ 

ɺʀʄ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʦʜʫʣʴ ï ʘʜʘʧʪʝʨ 

(ʨʠʩ.1) [4]. ɸʜʘʧʪʝʨ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʟʚʝʥʦʤ ʤʝʞʜʫ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʦʡ. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ 

ʧʦʤʦʱʴʶ ʘʜʘʧʪʝʨʘ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʩʝʣʴʭʦʟʤʘʰʠʥʳ ʧʦ ʨʘʥʝʝ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʱʝʣʠ [4].  

 
ʈʠʩ. 1. ʄʦʜʫʣʴ - ʘʜʘʧʪʝʨ 

 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʞʜʫʨʷʜʥʳʭ 

ʦʙʨʘʙʦʪʦʢ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʩʦʨʥʳʭ ʨʘʩʪʝʥʠʡ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʷ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ 

ʟʘʱʠʪʥʦʡ ʟʦʥʳ ʚʜʦʣʴ ʩʪʨʦʢʠ ʨʘʩʪʝʥʠʡ 

ʩʚʝʢʣʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 

ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʭʦʜʦʚ 

ʘʛʨʝʛʘʪʘ ʠ ʚʨʝʤʝʥʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʫʭʦʜʘ ʟʘ ʨʘʩʪʝʥʠʷʤʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʦʩʝʚʘʭ 

ʩʪʦʣʦʚʦʡ ʩʚʝʢʣʳ, ʧʦʩʝʷʥʥʦʡ ʧʦ 

ʦʜʥʦʩʪʨʦʯʥʦʡ ʩʭʝʤʝ ʧʦʩʝʚʘ ʥʘ ʛʨʝʙʥʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʤʝʞʜʫʨʷʜʴʷʤʠ 70 ʩʤ. ʊʠʧ 

ʧʦʯʚʳ ʧʦ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ï ʜʝʨʥʦʚʦ-

ʧʦʜʟʦʣʠʩʪʘʷ, ʩʫʛʣʠʥʠʩʪʘʷ.  ɻʣʫʙʠʥʘ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ (ʚʝʩʥʦʚʩʧʘʰʢʘ) 

ï 18 ʩʤ. 
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ʇʨʝʜʰʝʩʪʚʫʶʱʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ 

ʧʝʨʝʜ ʥʘʨʝʟʢʦʡ ʛʨʝʙʥʝʡ - ʚʝʩʥʦʚʩʧʘʰʢʘ ʥʘ 

ʛʣʫʙʠʥʫ 18 ʩʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʛʨʝʙʥʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʝʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ. ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʧʦ ʩʣʦʷʤ 

ʩʦʩʪʘʚʠʣʘ 0-10 ʩʤ ï 26,35 %; 10-20 ʩʤ ï 

25,8%; 20-30 ʩʤ  - 26,72% . ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ 

ʥʘ ʛʣʫʙʠʥʝ 10 ʩʤ ï 1,6 ʢʛ/ʩʤ
2
, 20 ʩʤ ï 2,5 

ʢʛ/ʩʤ
2
, 30 ʩʤ ï 4,85 ʢʛ/ʩʤ

2
. 

ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ, ʬʦʨʤʠʨʫʶʱʝʛʦ 

ʥʘʧʨʘʚʣʷʶʱʫʶ ʱʝʣʴ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ 

ï ʘʜʘʧʪʝʨ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ 

ʛʣʫʙʠʥʳ ʭʦʜʘ ʥʦʞʘ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʤʳ, ʘʛʨʝʛʘʪʠʨʫʝʤʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʘʰʠʥʳ, ʥʦʞ 

ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʤʳ ʘʜʘʧʪʝʨʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʦʩʝʚʘʭ ʩʪʦʣʦʚʦʡ 

ʩʚʝʢʣʳ ʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʤ ʫʯʘʩʪʢʝ 

ʩ ʛʨʝʙʥʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʚʦʞʜʝʥʠʷ.  

ʆʧʨʝʜʝʣʝʥʠʷ ʧʨʦʬʠʣʷ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʱʝʣʠ, ʝʝ ʠʟʤʝʥʝʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠ 

ʚʣʠʷʥʠʝ ʝʝ ʩʦʩʪʦʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʚʦʞʜʝʥʠʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ 

ʠʟʤʝʨʝʥʠʡ. 

ʇʨʦʬʠʣʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʱʝʣʠ 

ʦʧʨʝʜʝʣʷʣʩʷ ʩ ʧʦʤʦʱʴʶ ʱʫʧʘ ʜʠʘʤʝʪʨʦʤ 6 

ʤʤ. ʑʫʧ ʚʥʝʜʨʷʣʩʷ ʚ ʧʦʯʚʫ ʚʜʦʣʴ ʣʠʥʝʡʢʠ, 

ʫʣʦʞʝʥʥʦʡ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ, ʩ ʠʥʪʝʨʚʘʣʦʤ 1 ʩʤ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʛʨʫʟʘ 3 ʢʛ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ 

ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʯʚʫ ʦʢʦʣʦ 10 ʢʛ/ʩʤ
2
, ʨʘʚʥʦʝ 

ʪʚʝʨʜʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ. 

ɿʘʤʝʨʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʚ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ 

ʱʝʣʠ. ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʱʫʧʘ. ʐʠʨʠʥʘ ʦʙʨʘʟʦʚʘʥʥʦʡ 

ʱʝʣʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ 

ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷʤʠ 

ʱʫʧʘ. ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʩʣʝ 

ʚʳʧʦʣʥʝʥʠʷ ʢʘʞʜʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʠ ʦʨʠʝʥʪʠʨʦʚʘʥʠʠ 

ʩʝʣʴʭʦʟʤʘʰʠʥʳ ʧʦ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ.  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʭʨʘʥʝʥʠʷ ʬʦʨʤʳ ʱʝʣʠ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʪʚʝʨʜʦʩʪʴʶ ʧʦʯʚʳ, 

ʟʘʧʦʣʥʠʚʰʝʡ ʝʝ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʠʚ ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʱʫʧʦʤ. 

ʊʦʯʥʦʩʪʴ ʚʦʞʜʝʥʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʘʛʨʝʛʘʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʪʨʘʢʪʦʨʘ, 

ʘʜʘʧʪʝʨʘ ï ʱʝʣʝʨʝʟʘ ʠ ʩʝʷʣʢʠ. ʆʮʝʥʢʘ 

ʪʦʯʥʦʩʪʠ ʚʦʞʜʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʚʝʣʠʯʠʥʝ 

ʩʤʝʱʝʥʠʷ ʩʣʝʜʦʫʢʘʟʘʪʝʣʷ ʧʨʠ ʧʦʚʪʦʨʥʦʤ 

ʧʨʦʭʦʞʜʝʥʠʠ ʘʛʨʝʛʘʪʘ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʨʷʜʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʩʣʝʜʦʫʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʳ ʧʨʠʢʘʪʳʚʘʶʱʠʭ ʢʦʣʝʩ ʩʦʰʥʠʢʦʚ 

ʩʝʷʣʢʠ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʚʳʜʝʣʝʥʥʦʤ  ʫʯʘʩʪʢʝ ʙʝʟ ʧʦʩʝʚʘ 

ʩʚʝʢʣʳ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘ ʫʯʘʩʪʢʝ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʭʦʜ ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ. ɺ 

ʧʷʪʠ ʤʝʩʪʘʭ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ 

ʜʣʠʥʝ ʛʦʥʘ, ʦʧʨʝʜʝʣʷʣʘʩʴ ʰʠʨʠʥʘ ʩʣʝʜʘ 

ʧʨʠʢʘʪʳʚʘʶʱʠʭ ʢʦʣʝʩ a, ʟʘ ʚʩʝʤʠ 

ʩʦʰʥʠʢʘʤʠ ʧʨʠ ʧʦʚʪʦʨʥʦʤ ʧʨʦʭʦʜʝ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʰʠʨʠʥʘ ʩʣʝʜʘ a¡. ʈʘʟʥʠʮʘ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ a¡ ʠ a ʦʧʨʝʜʝʣʷʝʪ 

ʪʦʯʥʦʩʪʴ ʚʦʞʜʝʥʠʷ 3a .  

ʈʝʟʫʣʴʪʘʪʳ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ 

ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʥʘʨʝʟʢʝ ʛʨʝʙʥʝʡ. ɻʣʫʙʠʥʘ 

ʭʦʜʘ ʥʦʞʘï ʱʝʣʝʨʝʟʘ ʧʨʝʚʳʰʘʣʘ ʩʣʦʡ 

ʧʦʯʚʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʨʠ ʚʩʧʘʰʢʝ, ʥʘ 10 ʩʤ 

ʠ ʩʦʩʪʘʚʠʣʘ 30 ʩʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷ. ʐʠʨʠʥʘ ʦʙʨʘʟʦʚʘʥʥʦʡ ʱʝʣʠ ʩʦʩʪʘʚʠʣʘ 

1ʚ = 2,4 ʩʤ;  
1
ʚd =0,5. ʇʨʠ ʧʦʚʪʦʨʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʚ 

ʢʘʯʝʩʪʚʝ ʦʨʠʝʥʪʠʨʘ ʧʨʠ ʧʦʩʝʚʝ ʧʘʨʘʤʝʪʨʳ ʝʝ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʣʠʩʴ 2ʚ = 2,6 ʩʤ;  
2
ʚd

=0,5. 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʥʘʧʨʘʚʣʷʶʱʘʷ ʱʝʣʴ ʧʦʜʚʝʨʛʘʣʘʩʴ 

ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ 

ʩʝʣʴʭʦʟʤʘʰʠʥ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʤʝʞʜʫʨʷʜʠʡ  

ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʧʦʣʥʝʥʠʝ 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʱʝʣʠ ʧʦʯʚʦʡ. ʆʮʝʥʢʘ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʩʦʩʪʦʷʥʠʷ ʱʝʣʠ ʧʨʦʚʦʜʠʣʘʩʴ ʦʧʨʝʜʝʣʝʥʠʝʤ ʚ 

ʥʝʡ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ. ʅʘ ʨʠʩ.2 ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʪʚʝʨʜʦʩʪʠ  ʧʦ ʩʣʦʷʤ ʧʦʩʣʝ 

ʥʘʨʝʟʢʠ ʛʨʝʙʥʝʡ ʠ ʧʦʩʝʚʘ. 

 
ʈʠʩ. 2.  ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʚ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ 

ʈ - ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ, ʢʛ/ ʩʤ
2
; h ï ʛʣʫʙʠʥʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʩʤ; 

--- - --- - ---   - ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ 

ʱʝʣʠ ʧʦʩʣʝ ʧʦʩʝʚʘ; 

-------   - ʪʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ 

ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʝʙʥʷ. 

 

ʄʝʞʜʫʨʷʜʥʳʝ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʧʦ ʤʝʨʝ ʦʪʨʘʩʪʘʥʠʷ ʩʦʨʥʷʢʦʚ ʚ ʤʝʞʜʫʨʷʜʴʷʭ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʧʝʨʚʦʡ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʫʯʘʩʪʢʝ ʙʝʟ 

ʧʦʩʝʚʘ ʩʚʝʢʣʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʧʦʩʣʝ  ʦʨʠʝʥʪʘʮʠʠ 

ʢʫʣʴʪʠʚʘʪʦʨʘ ʧʨʠ ʧʝʨʚʦʡ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʆʥʦ ʩʦʩʪʘʚʠʣʦ 3ʚ = 2,9 ʩʤ;  
3
ʚd

=0,4. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʩ ʩʦʙʣʶʜʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʢʦʣʝʡʥʦʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ 

ʪʦʯʥʦʩʪʴ ʚʦʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʠʣʘ 3ʘ = 

1,2 ʩʤ;  
3
ʚd =0,4.  

ʇʝʨʚʘʷ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ 16 ʠʶʣʷ 2019 ʛʦʜʘ. ɼʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʝʙʥʷ  ʩ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʫʢʘʟʘʥʥʦʡ ʟʘʱʠʪʥʦʡ ʟʦʥʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʨʦʥʢʠ ɹʈɻ-0,7 ʩ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʚʩʪʘʚʢʘʤʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʭ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʙʦʨʦʥʘʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʟʦʥʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ 10 ʩʤ, ʧʦʚʨʝʞʜʝʥʠʡ 

ʨʘʩʪʝʥʠʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʤʝʞʜʫʨʷʜʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʠʣʩʷ ʟʘʤʝʨ ʪʚʝʨʜʦʩʪʠ 

ʧʦʯʚʳ ʚ ʱʝʣʠ ʠ ʚ ʩʤʝʞʥʦʤ ʤʝʞʜʫʨʷʜʴʝ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ʢʦʣʝʩ ʪʨʘʢʪʦʨʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʷʣʠ 

ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ. 

ɺʪʦʨʘʷ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ ʙʳʣʘ 

ʧʨʦʚʝʜʝʥʘ 16 ʘʚʛʫʩʪʘ 2019 ʛʦʜʘ. ʇʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʦʚʦʜʠʣʦʩʴ ʦʧʨʝʜʝʣʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʚ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʠ 

ʩʤʝʞʥʳʭ ʤʝʞʜʫʨʷʜʴʷʭ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʪʚʝʨʜʦʩʪʠ ʧʦʯʚʳ ʚ 

ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ ʠ ʩʤʝʞʥʳʭ 

ʤʝʞʜʫʨʷʜʴʷʭ ʧʨʠ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʤʝʞʜʫʨʷʜʥʳʭ ʦʙʨʘʙʦʪʢʘʭ. 

ʊʘʙʣʠʮʘ 1  

ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʵʣʝʤʝʥʪʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʡ ʩʚʝʢʣʳ 

ʊʚʝʨʜʦʩʪʴ ʧʦ 

ʩʣʦʷʤ, ʤʤ 

ʇʝʨʚʘʷ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ 

16.07.19, ʢʛʩ/ʩʤ
2
 

ɺʪʦʨʘʷ ʤʝʞʜʫʨʷʜʥʘʷ ʦʙʨʘʙʦʪʢʘ 

16.08.19, ʢʛʩ/ʩʤ
2
 

ʥʘʧʨʘʚʣʷʶʱʘʷ 

ʱʝʣʴ 

ʤʝʞʜʫʨʷʜʴʷ ʥʘʧʨʘʚʣʷʶʱʘʷ 

ʱʝʣʴ 

ʤʝʞʜʫʨʷʜʴʷ 

76,2 4,2 3,5 4,48 4,9 

152,4 4,48 7,0 4,34 15,4 

228,6 2,76 14,0 3,01 15,4 

304,8 3,41 15,4 2,31 17,5 

381,0 12,6 17,5 15,4 15,4 
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ʅʘʧʨʘʚʣʷʶʱʘʷ ʱʝʣʴ, ʯʘʩʪʠʯʥʦ 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʧʦʜʧʘʭʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ, 

ʩʦʭʨʘʥʷʝʪ ʩʚʦʠ ʧʘʨʘʤʝʪʨʳ ʚ ʪʝʯʝʥʠʝ 

ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩʪʝʥʠʡ ʠ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʧʨʠ 

ʤʝʞʜʫʨʷʜʥʦʡ ʦʙʨʘʙʦʪʢʝ. 

 

ɺʳʚʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʞʜʫʨʷʜʥʳʭ 

ʦʙʨʘʙʦʪʦʢ ʧʘʨʘʤʝʪʨʳ ʥʘʧʨʘʚʣʷʶʱʝʡ ʱʝʣʠ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2,4 ʜʦ 2,9 ʩʤ. 

ʊʚʝʨʜʦʩʪʴ ʧʦʯʚʳ ʚ ʱʝʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʛʣʫʙʠʥʝ ʦʙʨʘʙʦʪʘʥʥʦʡ 

ʧʦʯʚʳ ʚ ʧʦʜʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2,3 ʜʦ 3,5 ʢʛ/ʩʤ
2
. 
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Ensuring energy saving and improving the energy efficiency of technological processes of pre-sales 

treatment of root crops, including potatoes, is an urgent task, as it allows to improve the design and optimize 

the structural and technological parameters and operating modes of the relevant equipment. The study 

objective was to justify the computer-aided control parameters and efficiency assessment criteria of a 

technical facility for pre-sales treatment of potato tubers by the aerodynamic method. The study was focused 

on the technological processes of the pre-sale treatment of potato tubers by aerodynamic method. The study 

object was a technical facility for pre-sale treatment of potato tubers by aerodynamic method. The study 

included the review of relevant literature references, analysis and integration of experimental data obtained 

in 2016-2017. The scientific novelty of the work was manifested in the presented classification of separating 

working bodies for cleaning the root crops, the justified tasks of the automated systems, the effectiveness 

assessment criteria and the monitoring and control parameters of equipment for the pre-sale treatment of 

potato tubers by aerodynamic method. According to our forecasts, the automation of monitoring and control 

of operating modes may increase the equipment capacity and reduce the labor and energy inputs during the 

pre-sale treatment of potato tubers by aerodynamic method compared to available methods and machines.  

 

Key words: aerodynamic method, pre-sale potato treatment, computer-aided control, equipment, 

mathematical model.  
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ɺʚʝʜʝʥʠʝ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʢʠ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʧʫʪʸʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʵʪʦʤ 

ʧʣʘʥʝ ʚ ʩʪʨʘʪʝʛʠʠ ʤʘʰʠʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʠ 

ʜʘʥʳ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ, 

ʚʦʧʨʦʩʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʨʘʩʢʨʳʪʳ 

ʩʪʨʫʢʪʫʨʘ ʠ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʢʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʧʦʟʚʦʣʠʪ ʚ 1,5-2 ʨʘʟʘ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ, ʩʥʠʟʠʪʴ 

ʥʘ 30-60% ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʧʫʪʥʠʢʦʚʳʭ 

ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚ 

1,3-1,5 ʨʘʟʘ ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʨʥʦʚʳʭ ʠ 

ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʦʙʟʦʨʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [1] 

ʨʘʩʩʤʦʪʨʝʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï 

ɻʦʨʦʜʩʢʦʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʛʜʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤ 

ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʠ ʫʧʨʘʚʣʷʪʴ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʮʠʬʨʦʚʳʭ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠ ʫʨʦʞʘʡʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʩʥʠʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʴʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʪʨʫʜʦʚʳʭ 

ʟʘʪʨʘʪ ʦʙʦʩʥʦʚʘʥʘ ʚ ʨʘʙʦʪʝ [2]. ɺ ʜʘʥʥʦʡ 
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ʨʘʙʦʪʝ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ: 

ʤʦʥʠʪʦʨʠʥʛ ʫʩʣʦʚʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʦʚ; ʧʝʨʝʜʘʯʘ ʠ ʭʨʘʥʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ; ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ 

ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; ʨʝʘʣʠʟʘʮʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ. ʈʘʟʣʠʯʥʳʝ ʩʨʝʜʩʪʚʘ 

ʤʦʥʠʪʦʨʠʥʛʘ ʧʝʨʝʜʘʶʪ ʜʘʥʥʳʝ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʙʣʘʯʥʫʶ ʧʣʘʪʬʦʨʤʫ, 

ʘ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʥʘ ʠʭ ʙʘʟʝ 

ʦʧʪʠʤʠʟʠʨʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʠ 

ʜʘʸʪ ʢʦʤʘʥʜʫ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ 

[2]. 

ɺʝʩʦʤʳʡ ʚʢʣʘʜ ʚ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ 

ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʥʝʩʣʠ 

ʪʘʢʞʝ ɹʦʨʦʜʠʥ ʀ.ʌ., ɺʘʩʠʣʝʥʢʦ ʇ.ʄ., 

ɺʦʨʦʥʠʥ ɺ.ʗ., ɻʫʣʷʝʚ ɻ.ɸ., ʊʝʧʣʠʥʩʢʠʡ ʀ.ɿ., 

ʌʝʜʦʨʦʚ ʖ.ʀ. ʠ ʜʨ.[3, 4]. 

ɺʘʞʥʝʡʰʠʤ ʚʝʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʤʘʰʠʥ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʘʚʪʦʤʘʪʠʟʘʮʠʶ. ʇʨʠ 

ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 

ʧʦʜʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤ ʫʯʝʪ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʣʦʞʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʳ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ. 

ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ 

ʙʦʨʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʦʟʜʘʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʤʘʰʠʥʳ ʩʦ 

ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʚʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʜʣʠʪʩʷ 

ʜʦʚʦʣʴʥʦ ʜʦʣʛʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʠʭ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʷʚʣʷʶʪʩʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ, 

ʥʘʜʝʞʥʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ. 

ʆʜʥʘʢʦ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʦʙʠʣʴʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʤʝʜʣʝʥʥʳʭ ʪʝʤʧʦʚ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʳʭ 

ʠ ʤʦʙʠʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘʰʠʥ 

ʠ ʘʛʨʝʛʘʪʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʝʞʠʤʘʤʠ ʠʭ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʟʘʜʘʯʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 

ʇʦʩʣʝʫʙʦʨʦʯʥʘʷ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʘʨʪʦʬʝʣʷ 

ʷʚʣʷʶʪʩʷ ʪʨʫʜʦʝʤʢʠʤ ʧʨʦʮʝʩʩʦʤ, ʦʥ ʤʦʞʝʪ 

ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ, ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʥʘʯʠʥʘʷ ʦʯʠʩʪʢʦʡ ʚʦʨʦʭʘ ʠ 

ʟʘʢʘʯʠʚʘʷ ʟʘʪʘʨʠʚʘʥʠʝʤ ʚ ʧʦʪʨʝʙʠʪʝʣʴʩʢʫʶ 

ʪʘʨʫ. ɺ ʤʘʰʠʥʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʣʷ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʟʥʳʝ 

ʧʨʠʥʮʠʧʳ ʩʝʧʘʨʘʮʠʠ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʦʪ 

ʧʦʯʚʳ [5-7]. 

ʇʦʯʚʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʝʪ ʥʘ ʨʘʙʦʯʠʝ 

ʦʨʛʘʥʳ, ʙʳʚʘʝʪ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ, 

ʢʦʤʴʝʚ, ʩʦʨʘʟʤʝʨʥʳʭ ʩ ʢʣʫʙʥʷʤʠ ʠ ʢʨʫʧʥʳʭ 

ʢʦʤʢʦʚ ʠʣʠ ʧʣʘʩʪʠʯʥʦʡ ʤʘʩʩʳ. ʏʪʦʙʳ 

ʨʘʟʜʝʣʠʪʴ ʥʘʩʪʦʣʴʢʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʵʣʝʤʝʥʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ 

ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʢʠ ʜʣʷ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʙʳʣʦ ʦʧʨʦʙʦʚʘʥʦ ʠ ʠʩʧʳʪʘʥʦ 

ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ, 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʥʮʠʧʘʭ 

ʜʝʡʩʪʚʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʫʪʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʘʥʘʣʠʟʘ ʠ 

ʦʙʦʙʱʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʚ 2016-2017 ʛʦʜʘʭ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʨʠʪʝʨʠʷʤʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ 

ʧʨʠʥʷʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ, ʧʨʠʤʝʥʷʝʤʦʝ 

ʜʣʷ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʩʦʟʜʘʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ, ʩʧʦʩʦʙʥʳʡ 

ʩʝʧʘʨʠʨʦʚʘʪʴ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʳ ʦʪ ʧʦʯʚʳ 

ʧʨʠ ʣʶʙʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʩʣʝʜʥʝʡ, ʧʨʠʚʝʣʠ ʢ 

ʟʘʜʝʨʞʢʝ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʚ ʮʝʣʦʤ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʘ ʟʘʤʘʥʯʠʚʘʷ ʠʜʝʷ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʪʝʭʥʠʢʠ ʦʢʘʟʘʣʘʩʴ 

ʥʝʨʘʟʨʝʰʠʤʦʡ. 

ɹʦʣʝʝ ʧʨʘʚʠʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʯʚʳ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʚʩʝ ʨʘʙʦʯʠʝ 

ʦʨʛʘʥʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ 

ʛʨʫʧʧʳ: 

- ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʢʣʫʙʥʝʡ ʦʪ 

ʩʫʭʦʡ, ʤʝʣʢʦʡ, ʩʳʧʫʯʝʡ ʧʦʯʚʳ, ʨʘʙʦʪʘʶʱʠʝ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʧʨʠʥʮʠʧʫ ʧʨʦʩʝʠʚʘʥʠʷ 

ʧʦʯʚʳ ʯʝʨʝʟ ʨʝʰʝʪʘ, ʩʠʪʘ ʠʣʠ ʜʨʫʛʠʝ 

ʵʣʝʤʝʥʪʳ; 

- ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʢʣʫʙʥʝʡ ʦʪ 

ʧʨʦʯʥʳʭ ʧʦʯʚʝʥʥʳʭ ʢʦʤʢʦʚ, ʙʣʠʟʢʠʭ ʠʤ ʧʦ 

ʨʘʟʤʝʨʘʤ. ʇʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ ʵʪʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʚʝʩʴʤʘ ʨʘʟʣʠʯʥʳ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳ; 

- ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʚʣʘʞʥʦʡ 

(ʧʣʘʩʪʠʯʥʦʡ) ʧʦʯʚʳ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʣʠʧʰʝʡ ʢ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʘʤ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʚʝʩʴʤʘ ʚʝʣʠʢʦ [8]. 

ʆʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʟʘʢʣʶʯʘʶʪʩʷ ʢʘʢ ʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤ 

ʦʬʦʨʤʣʝʥʠʠ ʨʝʰʝʪ, ʪʘʢ ʠ ʚ ʢʠʥʝʤʘʪʠʢʝ ʠʭ 

ʜʚʠʞʝʥʠʡ. 

ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʪʘʢʞʝ ʥʘʩʪʦʣʴʢʦ ʨʘʟʚʠʣʠʩʴ, 

ʯʪʦ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʛʨʫʧʧ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ 

ʧʨʠʥʮʠʧʦʤ, ʧʦʣʦʞʝʥʥʳʤ ʚ ʦʩʥʦʚʫ 

ʨʘʟʜʝʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ɹʦʣʝʝ ʧʨʘʚʠʣʴʥʳʤ 

ʙʫʜʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʥʘ 

ʛʨʫʧʧʳ, ʧʨʠʥʷʚ ʟʘ ʦʩʥʦʚʫ ʩʚʦʡʩʪʚʦ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʟʜʝʣʝʥʠʝ. ʇʦ ʵʪʦʤʫ ʧʨʠʟʥʘʢʫ 

ʩʝʧʘʨʠʨʫʶʱʠʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʙʠʪʳ ʥʘ ʚʦʩʝʤʴ ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ: 

ʨʘʟʜʝʣʷʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʧʦ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʘʤ, ʚʝʩʫ, ʬʦʨʤʝ ʠ 

ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʧʦʛʣʦʪʠʪʝʣʴʥʳʤ 

ʩʧʦʩʦʙʥʦʩʪʷʤ, ʩʚʦʡʩʪʚʫ ʧʣʘʩʪʠʯʥʦʩʪʠ, 

ʩʪʦʡʢʦʩʪʠ ʢ ʨʘʟʤʦʢʘʥʠʶ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʠ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, 

ʚʟʷʪʳʤ ʟʘ ʦʩʥʦʚʫ ʨʘʟʜʝʣʝʥʠʷ, ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ. 1 [8]. 
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ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʧʦʯʚʳ ʦʪ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʪʨʘʩʣʠ 

ʧʝʨʚʠʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʰʠʥʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʣʠʰʝʥʥʳʝ ʢʘʢʠʭ-ʣʠʙʦ 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʠʭ ʨʘʙʦʪʫ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ. ʆʩʥʦʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʦʧʝʨʘʪʦʨ ʧʦ ʩʨʝʜʩʪʚʘʤ ʚʢʣʶʯʝʥʠʷ ʠ 

ʚʳʢʣʶʯʝʥʠʷ ʤʘʰʠʥʳ, ʪʝʤ ʩʘʤʳʤ, ʠʩʢʣʶʯʘʷ 

ʚʘʨʠʘʥʪʥʦʩʪʴ ʧʦʜʭʦʜʦʚ ʢ ʩʘʤʦʤʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ʄʘʪʝʨʠʘʣ, 

ʧʦʩʪʫʧʘʝʤʳʡ ʥʘ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʣʷ 

ʟʘʢʣʘʜʢʠ ʚ ʭʨʘʥʠʣʠʱʝ ʠʣʠ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʥʝ ʚʩʝʛʜʘ 

ʠʤʝʝʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʈʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ: ʬʦʨʤʘ (ʦʚʘʣʴʥʘʷ ʠʣʠ 

ʚʳʪʷʥʫʪʘʷ), ʩ ʫʛʣʫʙʣʝʥʠʷʤʠ ʠʣʠ ʙʝʟ ʥʠʭ, ʩ 

ʙʦʣʝʝ ʧʨʦʯʥʦʡ ʠʣʠ ʙʦʣʝʝ ʤʷʛʢʦʡ ʢʦʞʠʮʝʡ, 

ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʠʣʠ ʙʦʣʝʝ ʨʳʭʣʦʡ ʚʥʫʪʨʝʥʥʝʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʪ.ʜ., ʪʘʢ ʞʝ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʩʝʡ ʠ ʧʨʠʣʠʧʰʝʡ ʢ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʧʦʯʚʳ ï ʵʪʦ: 

ʪʠʧ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ, ʝʝ ʢʦʣʠʯʝʩʪʚʦ, ʘ ʪʘʢ 

ʞʝ ʩʧʦʩʦʙ ʫʙʦʨʢʠ ʠ ʭʨʘʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [9, 

10]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ ʜʘʥʥʳʭ 

ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʚʠʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʤʦʛʣʠ 

ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʩʪʫʧʘʶʱʝʛʦ 

ʥʘ ʜʦʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ, ʦʜʥʘʢʦ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʥʝ 

ʦʙʣʘʜʘʶʪ ʵʪʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʩʥʘʱʝʥʠʝ 

ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 
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ʊʝʭʥʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʜʠʥʘʤʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ ʩʦ ʤʥʦʛʠʤʠ ʚʭʦʜʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

(ʘʨʛʫʤʝʥʪʘʤʠ) ʠ ʚʳʭʦʜʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ 

(ʬʫʥʢʮʠʷʤʠ). 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʘʢʠʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʫʯʥʦʝ 

ʦʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʠʭ 

ʨʘʙʦʪʳ. 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤ ʩʨʝʜʩʪʚʦʤ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʷʚʣʷʶʪʩʷ: 

1). ɺʳʙʦʨ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

2). ʆʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. 

2). ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʮʝʩʩʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʶ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

3). ʋʩʪʘʥʦʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʚʝʨʦʷʪʥʦʩʪʥʦ-

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʮʝʥʦʢ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

4). ʆʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ. 

5). ʆʙʦʩʥʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʜʦʧʫʩʢʦʚ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʘʯʝʩʪʚʘ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʵʪʦ ʚʘʞʥʝʡʰʝʝ ʟʚʝʥʦ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʅʝʦʙʭʦʜʠʤʦ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʦʭʚʘʪʳʚʘʣ ʚʩʝ 

ʦʧʝʨʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʰʘʣ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʟʘʜʘʯʠ: 

- ʧʦʣʫʯʘʪʴ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʟʥʘʯʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʦʩʪʦʷʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʘ 

ʪʘʢʞʝ ʦ ʩʦʩʪʦʷʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʡ; 

- ʩʨʘʚʥʠʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ 

ʧʦʣʫʯʝʥʥʳʭ ʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ; 

- ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʭʦʞʜʝʥʠʠ 

ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

- ʧʦʣʫʯʘʪʴ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʯ. 

ʎʝʣʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ï 
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çʂʘʨʪʦʬʝʣʴ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʡ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʯʠʩʪʢʠ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ. ʇʦ ʚʠʜʫ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʠ ʠ ʧʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʩ ʦʙʲʝʢʪʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʘʢʪʠʚʥʳʤ ʠ ʧʘʩʩʠʚʥʳʤ. 

ɸʢʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʧʘʩʩʠʚʥʦʛʦ, ʧʦʟʚʦʣʠʪ ʠʩʢʣʶʯʘʪʴ 

ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʣʠ ʪʝʨʤʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʢʦʨʨʝʢʪʠʨʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʠʣʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. 

ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʣʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʪʨʫʜʘ, ʩʥʠʞʘʝʪ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʠ ʧʦʢʘʟʘʪʝʣʠ 
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ʪʨʘʚʤʘʪʠʟʤʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʷʝʤʳʭ ʦʧʝʨʘʮʠʡ. 

ʉ ʫʯʝʪʦʤ ʩʢʘʟʘʥʥʦʛʦ, ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʠʭ ʢʦʥʪʨʦʣʴ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʘ 

ʪʘʢʞʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ (ʨʠʩ. 2): 

1) ï ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ 

ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ;  

2) ï ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝʤ (ʵʢʦʥʦʤʠʝʡ ʵʥʝʨʛʠʠ) 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ (ʨʠʩʫʥʦʢ 3): 

-ʦʧʪʠʤʠʟʘʮʠʝʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ; 

- ʦʧʪʠʤʠʟʘʮʠʝʡ ʢʦʣʠʯʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ; 

- ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

 

 
ʈʠʩ. 2. ʇʫʪʠ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʨʝʰʝʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʠ ʢʨʠʪʝʨʠʷ: 

ʤʠʥʠʤʫʤ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ˪˟ ˜
̏ ᴼάὭὲ; ʤʘʢʩʠʤʫʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ὡ̘ ᴼάὥὼ ʠ ʂʇɼ 

–˟ ᴼάὥὼ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ 
ʦ

ʊʇʕ  (ʄɼʞ/ʪ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

ʯ

ʞʤʦʯ

ɺ

ʇ

ʵʣ

ʆ

ʊʇ
W

ʕʕ
ʕʕʕ

+
++= ,    (1) 

ʛʜʝʇʵʣʕ  ï ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ, ʄɼʞ/ʪ; 
ʦʯ

ɺʕ  ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʵʥʝʨʛʠʷ, ʟʘʪʨʘʯʝʥʥʘʷ ʥʘ ʬʠʣʴʪʨʫʶʱʠʡ 

ʵʣʝʤʝʥʪ, ʄɼʞ/ʪ; ʤʕ  ï ʵʥʝʨʛʦʝʤʢʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ, ʄɼʞ/ʯ; ʞʕ  ï ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʟʘʪʨʘʪʳ ʞʠʚʦʛʦ ʪʨʫʜʘ ʥʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, 

ʄɼʞ/ʯ; ʯW  ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

47 

 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ, ʪ/ʯ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ 

ʜʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʯʠʱʝʥʠʷ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

[10]: 

ʇɻ

ɻɻ

ɻ

ɻɻ
ʯʢʯʯ

t

w

ww

p

pp
nUW

jt
r

1

1

2

21

2

12

ÖÖö
ö
÷

õ
æ
æ
ç

å -
Öö
ö
÷

õ
æ
æ
ç

å -
ÖÖÖ= ,   (2) 

ʛʜʝ ʯU  ï ʟʘʛʨʫʟʢʘ ʙʘʨʘʙʘʥʘ, ʤ
3
; ʢr ï

ʧʣʦʪʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪ/ʤ
3
; 

ʯn  ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, ʩ
-1

; 
1

ɻʨ  ï 

ʥʘʯʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ 

ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ, ʢʛ/ʩʤ
2
; 

2

ɻʨ  ï ʧʨʦʯʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʩʚʷʟʝʡ 

ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ ʚ 

ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʡ 

ʢʦʨʢʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʛ/ʩʤ
2
; 

1

ɻw  ï

ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ 

ʢʦʞʠʮʳ ʢʣʫʙʥʝʡ ʜʦ ʦʯʠʱʝʥʠʷ, %; 
2

ɻw  ï 

ʚʣʘʞʥʦʩʪʴ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ 

ʢʣʫʙʥʝʡ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʨʦʯʥʦʡ ʢʦʨʢʦʦʙʨʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, %; 

t  ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʳ ʠ ʢʦʞʠʮʳ 

ʢʣʫʙʥʝʡ ʜʦ ʦʯʠʱʝʥʠʷ, 
ʦ
ʉ; 1t ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʢʣʫʙʥʠ, 
ʦ
ʉ; 

ʇj  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʪʝʧʣʘ 

ʢʣʫʙʥʷʤʠ ʠ ʧʨʠʣʠʧʰʝʡ ʧʦʯʚʦʡ. 

ʇʦʚʳʰʝʥʠʝ ʂʇɼ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʜʣʷ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʩʚʷʟʘʥʦ ʩ ʨʘʮʠʦʥʘʣʴʥʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʱʥʦʩʪʠ, ʩʦʟʜʘʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʧʨʠʚʦʜʘ ʙʘʨʘʙʘʥʘ, ʚʝʥʪʠʣʷʪʦʨʘ ʠ 

ʪʝʧʣʦʛʝʥʝʨʘʪʦʨʘ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʂʇɼ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

–˟ ˜
̒

̑
,̒       (3) 

ʛʜʝ ὔ̃̒ ï ʩʫʤʤʘʨʥʘʷ ʧʦʪʨʝʙʥʘʷ ʤʦʱʥʦʩʪʴ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʜʣʷ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ, ʢɺʪ; .̑̒ ï ʩʫʤʤʘʨʥʘʷ ʨʘʟʚʠʚʘʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ʜʣʷ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ, ʢɺʪ. 

ʉ ʫʯʝʪʦʤ ʘʥʘʣʠʟʘ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʤʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʠʩʪʝʤʘ ʢʨʠʪʝʨʠʝʚ ʠ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʩʠʩʪʝʤʫ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ 

ʦʙʦʩʥʦʚʘʥʠʷ ʨʘʮʠʦʥʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ 

ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚʭʦʜʷʪ: 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ 
ʦ

ʊʇʕ  

(ʄɼʞ/ʪ), ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ὡ̘  (ʪ/ʯ) 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʝʛʦ ʂʇɼ –˟ ʠ 

ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ (ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʫʙʥʝʡ). 

ʉʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʥʝʧʨʝʨʳʚʥʳʡ 

ʢʦʥʪʨʦʣʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʟʘʛʨʫʟʢʘ ʯU  

ʙʘʨʘʙʘʥʘ, ʯʘʩʪʦʪʘ ʯn  ʚʨʘʱʝʥʠʷ ʙʘʨʘʙʘʥʘ, 

ʪʝʤʧʝʨʘʪʫʨʘ 1t ʠ ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ 

ὔ̐̃̏̈, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ ʢʣʫʙʥʠ, ʧʦʪʨʝʙʣʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʇ

ʵʣʕ  ʠ ʩʪʝʧʝʥʴ 

ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʚ ʬʠʣʴʪʨʫʶʱʝʤ ʵʣʝʤʝʥʪʝ, 

ʩʪʝʧʝʥʴ ʦʯʠʩʪʢʠ ʠ ʧʦʚʨʝʞʜʝʥʠʷ  ʢʣʫʙʥʝʡ. 

ɺ ʮʝʣʦʤ, ʫʯʝʪ ʜʘʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʩʝʧʘʨʠʨʫʶʱʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʜʣʷ ʦʯʠʩʪʢʠ 

ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ 

ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, ʜʦʣʞʥʳ 

ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʠ 
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ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ɺʳʚʦʜʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ 

ʜʣʷ ʦʯʠʩʪʢʠ ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʦʚ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ. 

ʆʙʦʩʥʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ ʧʨʝʜʨʝʘʣʠʟʘʮʠʦʥʥʦʡ ʜʦʨʘʙʦʪʢʠ 

ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ. 
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ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʊɽʍʅʆʃʆɻʀʗ ʆʇʊʀʄʀɿɸʎʀʀ 

ʂʆʈʄʆɺʆʁ ɹɸɿʓ 

 

ʅ.ʅ. ʅʦʚʠʢʦʚ, ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ; ɺ.ʉ. ʅʠʢʠʪʠʥ  

 

ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ (ʀʊʆʉʍ) - ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, 

ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʥʘʫʢʦʡ ʠ ʧʨʘʢʪʠʢʦʡ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʦ 

ʧʦʚʳʰʝʥʠʶ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʨʦʩʪʘ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨ. ʆʜʥʘʢʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʪ ʦʧʳʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʢʦʤʧʣʝʢʩʥʦ, ʘʧʨʦʙʠʨʫʝʪʩʷ ʠ 

ʚʥʝʜʨʷʝʪʩʷ ʣʠʰʴ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʪʠʢʠ ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʘ ʘʜʘʧʪʠʚʥʳʭ ʧʨʠʥʮʠʧʘʭ, ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʣʶʙʦʡ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʷʟʢʫ ʚʦʧʨʦʩʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʩ 

ʘʜʘʧʪʘʮʠʝʡ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʭʦʟʷʡʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʘʛʨʘʨʥʦʡ 

ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ  ʢʦʨʤʦʚʦʡ ʙʘʟʳ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʜʚʘ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʙʣʦʢʘ. ɿʘʜʘʯʠ ʧʝʨʚʦʛʦ  ʙʣʦʢʘ 

çʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭè ʟʘʜʘʯʠ ʚʪʦʨʦʛʦ ʙʣʦʢʘ  çʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʫʜʦʙʨʝʥʠʷʭè. ɹʣʘʛʦʜʘʨʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʝ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʜʝʣʘʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚʦʡ ʙʘʟʳ ʩ ʫʯʝʪʦʤ 

ʧʨʠʨʦʜʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʳʭʦʜ ʥʘ 
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Agricultural science and practice have accumulated considerable experience in increasing livestock 

production capacity and solving the problems of crop yield improvement. However, this experience is being 

tested and used not in an integrated manner but at selected agricultural enterprises. Therefore, a systematic 

approach needs to be applied to elaboration and implementation of strategies of agricultural production 

management based on the adaptation principles, enabling to take into account the specific operating 

conditions of every particular farming enterprise under any form of ownership. A computer system was 

developed, which facilitates the adaptation of livestock and crop production to the specific conditions of the 

farming enterprise and to the latest achievements of agricultural science and farming in planning the fodder 

production. The system encompasses the required sets of tasks, grouped into two interrelated blocks. The 

tasks of the first block are ñIdentification of feed requirementsò; the tasks of the second block are 

ñIdentification of fertilizer requirementsò. The designed system allows carrying out the multivariate calculations, 

which provide the most efficient use of lands and material resources based on the comprehensive approach to 

creation of the fodder base, considering environmental, economic, organizational and technological aspects. The 

specific numerical indicators for both individual farming enterprise and for a district, oblast, and region can be 

obtained. 
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ɺʚʝʜʝʥʠʝ 

ɾʠʚʦʪʥʦʚʦʜʩʪʚʦ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ - ʜʚʝ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʦʪʨʘʩʣʠ ʩʝʣʴʩʢʦʛʦ 

ʭʦʟʷʡʩʪʚʘ [1].  

ʇʦʚʳʰʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʦʜʥʦ ʠʟ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʥʘʫʢʦʡ ʠ ʧʨʘʢʪʠʢʦʡ 

ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʧʦ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʨʦʩʪʘ 

ʫʨʦʞʘʡʥʦʩʪʠ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ[2]. ʆʜʥʘʢʦ 

ʵʪʦʪ ʦʧʳʪ ʥʝ ʚʩʝʛʜʘ ʦʧʪʠʤʘʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷʭ. 

ɺʥʝʜʨʷʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʟʘʨʫʙʝʞʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʥʘʰʠʤ 

ʫʩʣʦʚʠʷʤ, ʘ ʧʦʨʦʡ ʠʜʫʱʠʝ ʚ ʨʘʟʨʝʟ ʩ ʥʠʤʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʳ 

çʂʆʈɸʃè, ʧʨʦʛʨʘʤʤʳ ʬʠʨʤʳ çʇʣʠʥʦʨè 

ʨʝʰʘʶʪ ʟʘʜʘʯʠ ʩʦʩʪʘʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʨʘʮʠʦʥʦʚ, ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʚʠʜʦʚ ʢʦʨʤʦʚ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʚʟʘʠʤʦʩʚʷʟʴ 

ʵʪʠʭ ʟʘʜʘʯ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʥʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ɺʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʠʩʪʝʤʥʦʛʦ 

ʧʦʜʭʦʜʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʪʘʢʪʠʢʠ 

ʚʝʜʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʘʜʘʧʪʠʚʥʳʭ ʧʨʠʥʮʠʧʘʭ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʞʜʦʛʦ ʦʪʜʝʣʴʥʦ 

ʚʟʷʪʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʣʶʙʦʡ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ: ʧʦʯʚʝʥʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʣʦʞʠʚʰʝʝʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʨʝʘʣʴʥʫʶ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʨʝʩʫʨʩʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʡ ʨʘʙʦʯʝʡ ʩʠʣʦʡ.  

ʇʨʠ ʵʪʦʤ ʥʝʠʟʙʝʞʥʘ ʩʦʩʪʳʢʦʚʢʘ 

ʜʦʩʪʠʞʝʥʠʡ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʥʘʫʢʠ 

(ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ). 

ʉʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʩʪʴ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʦʜʦʣʠʤʳ ʚ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʩʠʩʪʝʤʘ çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳè, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʷʟʢʫ ʚʦʧʨʦʩʦʚ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʩ 

ʘʜʘʧʪʘʮʠʝʡ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ 

ʭʦʟʷʡʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʘʛʨʘʨʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳ[7]. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ  ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, 

ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʠ ʥʘʭʦʜʠʪʴ 

ʦʧʪʠʤʘʣʴʥʳʡ  ʚʘʨʠʘʥʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʫʯʝʪʦʤ 

ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʧʠʩʘʥʠʝ çʀʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳè ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʩʦʜʝʨʞʠʪ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʇʂ), 

ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʦʙʲʝʜʠʥʝʥʥʳʭ ʚ ʜʚʘ 

ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʙʣʦʢʘ. 

ɿʘʜʘʯʠ ʧʝʨʚʦʛʦ  ʙʣʦʢʘ ç ʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭ: 

Å ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ; 

Å ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ  ʛʦʜʦʚʦʛʦ 

ʨʘʮʠʦʥʘ ʢʦʨʤʦʚ; 

Å ʨʘʩʯʝʪ ʦʙʲʝʤʘ  ʢʦʨʤʦʚ; 

Å ʚʳʙʦʨ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ; 

Å ʨʘʩʯʝʪ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨ ʥʘ ʧʣʘʥʦʚʳʡ ʦʙʲʝʤ  ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 

ɿʘʜʘʯʠ ʚʪʦʨʦʛʦ ʙʣʦʢʘ  çʆʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʜʦʙʨʝʥʠʷʭè: 

Å   ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ  çʇʦʣʝè 

(ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʷ); 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟ ʜʘʥʥʳʭ çʋʜʦʙʨʝʥʠʷè; 

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ; 

Å ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʷʭ; 

Å ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʷʭ; 

Å ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʭ; 

Å ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʠʟʚʝʩʪʢʦʚʳʭ 

ʫʜʦʙʨʝʥʠʷʭ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜ ʛʣʘʚʥʦʡ 

ʬʦʨʤʳ çʀʥʬʦʨʤʘʮʠʦʥʥʦʡ  ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳè. 

 
ʈʠʩ. 1. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳ 
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ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ çʀʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳè 

ʕʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʝʨʚʦʛʦ ʙʣʦʢʘ  ʚ ʇʂ 

çʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭè ʚ 

ʩʣʝʜʫʶʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: 

1. ʅʘ ʦʩʥʦʚʝ ʧʣʘʥʠʨʫʝʤʳʭ ʦʙʲʝʤʦʚ 

ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ (ʤʦʣʦʢʦ; ʤʷʩʦ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʤʷʩʦ ʩʚʠʥʝʡ, ʦʚʝʮ), 

ʚ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʠʪʩʷ ʠʩʭʦʜʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭ ʚ ʢʦʨʤʦʚʳʭ 

ʝʜʠʥʠʮʘʭ (ʢ.ʝʜ.), ʵʥʝʨʛʦʢʦʨʤʦʚʳʭ ʝʜʠʥʠʮʘʭ 

(ʵʢʝ); 

2. ʀʩʭʦʜʷ ʠʟ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, 

ʬʦʨʤʠʨʫʝʪʩʷ  ʩʪʨʫʢʪʫʨʘ ʛʦʜʦʚʦʛʦ ʨʘʮʠʦʥʘ 

ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʜʦʚ ʢʦʨʤʦʚ (ʚ  ʧʨʦʮʝʥʪʘʭ), 

ʥʘʧʨʠʤʝʨ ʜʣʷ ʂʈʉ (ʩʝʥʦ, ʩʝʥʘʞ, ʩʠʣʦʩ, 

ʟʝʣʝʥʘʷ ʤʘʩʩʘ, ʢʦʥʮʝʥʪʨʘʪʳ); 

3. ɼʣʷ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʦʨʤʘ ʚʙrʠʨʘʝʪʩʷ 

ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ; 

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʦʙʲʝʤ ʛʦʜʦʚʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʪʠʭ ʚʠʜʘʭ ʢʦʨʤʘ ʩ 

ʫʯʝʪʦʤ15%ï 25% ʩʪʨʘʭʦʚʦʛʦ ʬʦʥʜʘ; 

5. ʆʧʨʝʜʝʣʷʝʪʩʷ ʧʦʩʝʚʥʘʷ ʧʣʦʱʘʜʴ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʞʜʦʛʦ ʚʠʜʘ ʢʦʨʤʘ  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʘʥʠʨʫʝʤʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

ʚʠʜʘ ʢʦʨʤʘ ʠ ʦʙʱʘʷ ʧʣʦʱʘʜʴ. 

ʉ ʮʝʣʴʶ ʘʧʨʦʙʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʨʠʤʝʨʘ  

ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʢʘʟʘʪʝʣʠ ʭʦʟʷʡʩʪʚʘ ʆʆʆ 

çʄʫʨʤʠʥʩʢʦʝè  ʈʷʟʘʥʩʢʦʛʦ ʨʘʡʦʥʘ  

ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʟʦʥʝ 

ʜʝʨʥʦʚʦ-ʧʦʜʟʦʣʠʩʪʳʭ ʩʫʧʝʩʯʘʥʳʭ ʧʦʯʚ. 

ʍʦʟʷʡʩʪʚʦ ʠʤʝʝʪ 200 ʢʦʨʦʚ ʩ 

ʧʣʘʥʠʨʫʝʤʳʤ ʫʜʦʝʤ 5000 ʢʛ ʚ ʛʦʜ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʩ 

ʨʝʟʫʣʴʪʘʪʦʤ ʨʘʩʯʝʪʘ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭ 

ʜʣʷ  ʵʪʦʛʦ ʭʦʟʷʡʩʪʚʘ.  

 

 
ʈʠʩ. 2. ʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʢʦʨʤʘʭ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ 

 

ʇʦʣʫʯʝʥʥʘʷ  ʠʥʬʦʨʤʘʮʠʷ  (ʩʦʩʪʘʚ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʠʭ ʧʣʘʥʠʨʫʝʤʘʷ 

ʫʨʦʞʘʡʥʦʩʪʴ, ʧʣʦʱʘʜʠ) ʷʚʣʷʝʪʩʷ  ʚʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʟʘʜʘʯ ʙʣʦʢʘ 2.  

ʕʪʘʧʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʪʦʨʦʛʦ ʙʣʦʢʘ 

çʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʫʜʦʙʨʝʥʠʷʭè: 

1.ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ  çʇʦʣʝè; 

2.ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çʋʜʦʙʨʝʥʠʷè; 
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3.ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘ; 

4. ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʷʭ; 

5.ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʷʭ; 

6.ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʭ; 

7.ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ  ʚ ʠʟʚʝʩʪʢʦʚʳʭ 

ʫʜʦʙʨʝʥʠʷʭ. 

ɿʘʜʘʯʫ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ  çʇʦʣʝè 

ʬʦʨʤʠʨʫʝʪ ʙʘʟʫ ʜʘʥʥʳʭ çʇʦʣʝè, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪ ʘʛʨʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʣʝʡ ʩʝʚʦʦʙʦʨʦʪʘ, 

ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʫʯʘʩʪʢʦʚ, ʠʭ ʧʣʦʱʘʜʠ, 

ʥʘʠʤʝʥʦʚʘʥʠʷ ʪʠʧʦʚ ʧʦʯʚ, ʤʝʭʘʥʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʧʦʯʚ. 

ʀʥʬʦʨʤʘʮʠʷ ʙʘʟʳ ʚ ʧʦʩʣʝʜʫʶʱʝʤ 

ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ 

ʜʘʥʥʳʭ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʧʦʯʚʝʥʥʳʭ 

ʦʙʩʣʝʜʦʚʘʥʠʡ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʤʦʚʳʝ 

ʢʫʣʴʪʫʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʭʦʟʷʡʩʪʚʝ ʠ 

ʚʚʝʜʝʥʥʳʝ ʚ ʙʘʟʫ ʜʘʥʥʳʭ çʇʦʣʝè. 

 

 
ʈʠʩ. 3. ɺʚʦʜʚ ʙʘʟʫ ʜʘʥʥʳʭ çʇʦʣʝè ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

 

ɿʘʜʘʯʫ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ çʋʜʦʙʨʝʥʠʷè.  

ɺ ʵʪʦʤ ʇʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʙʘʟʳ 

çʋʜʦʙʨʝʥʠʷè,  ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʠʟ ʙʘʟʳ 

çʋʜʦʙʨʝʥʠʷè  ʫʜʦʙʨʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʭʦʟʷʡʩʪʚʝ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ (ʨʠʩ. 4). 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʢʣʘʜʢʘ 

<ʄʠʥʝʨʘʣʴʥʳʝ>, ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʙʨʘʥʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʠʜʳ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. 
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ʈʠʩ. 4. ɺʳʙʦʨ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʟ ʙʘʟʳ çʋʜʦʙʨʝʥʠʷè 

 

ɿʘʜʘʯʫ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʌʦʨʤʠʨʦʚʘʥʠʝ ʩʝʚʦʦʙʦʨʦʪʘè. 

ʂʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ 

ʢʫʣʴʪʫʨ ʚ ʩʝʚʦʦʙʦʨʦʪʝ ʷʚʣʷʶʪʩʷ  

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʦʞʘʡʥʦʩʪʠ ʩ.-ʭ. ʢʫʣʴʪʫʨ ʧʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʫ [3]. ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʜʘʥʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ  ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 5. 

 

 
ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʙʘʟʳ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

  

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʦʞʘʡʥʦʩʪʠ 

ʧʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʫ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ 

ʚʣʠʷʥʠʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʫʣʴʪʫʨʳ ʪʝʢʫʱʝʛʦ ʛʦʜʘ.  

ɽʩʣʠ ʩʫʤʤʘ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʫʨʦʞʘʡʥʦʩʪʠ ʧʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʫ ʚ ʵʪʦʤ 

ʩʝʚʦʦʙʦʨʦʪʝ ʥʘʠʙʦʣʴʰʘʷ  ʩʨʝʜʠ ʜʨʫʛʠʭ 

ʚʘʨʠʘʥʪʦʚ, ʪʦ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʯʝʨʝʜʦʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ 

ʢʫʣʴʪʫʨ ʪʝʢʫʱʝʛʦ ʛʦʜʘ. 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʚʳʙʨʘʥʥʦʝ ʧʨʦʛʨʘʤʤʦʡ, 

ʦʧʪʠʤʘʣʴʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

ʚ ʩʝʚʦʦʙʦʨʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩ. 6. ʆʧʪʠʤʘʣʴʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʩʝʚʦʦʙʦʨʦʪʝ 

 

ɿʘʜʘʯʫ ʯʝʪʚʝʨʪʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʫʜʦʙʨʝʥʠʷʭè. ʋʯʝʥʳʤʠ ʀʊʆʉʍʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦ ʨʘʩʯʝʪʫ 

ʝʞʝʛʦʜʥʦʡ ʜʠʥʘʤʠʢʠ ʛʫʤʫʩʘ ʧʦʯʚ  

ʩʝʚʦʦʙʦʨʦʪʘ  ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ  ʜʣʠʪʝʣʴʥʳʭ 

ʦʧʳʪʦʚ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʘʛʨʦʭʠʤʠʠ 

ʠʤʝʥʠ ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ (ʌɻɹʅʋ çɺʅʀʀ 

ʘʛʨʦʭʠʤʠʠè)[4]. 

ɽʩʣʠ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʨʘʩʯʝʪ 

ʙʘʣʘʥʩʘ ʛʫʤʫʩʘ ʧʦʯʚ ʩʝʚʦʦʙʦʨʦʪʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʣʫʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʜʣʷ  ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʜʝʬʠʮʠʪʥʦʛʦ ʠʣʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʛʫʤʫʩʘ) ʩʝʚʦʦʙʦʨʦʪʥʦʡ ʧʣʦʱʘʜʠ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʦʚʘʪʴ ʦʜʥʦʤʫ ʠʟ 

ʚʘʨʠʘʥʪʦʚ: 

¶ ʚʢʣʶʯʠʪʴ ʚ ʩʪʨʫʢʪʫʨʫ ʩʝʚʦʦʙʦʨʦʪʘ  

ʨʘʩʯʝʪʥʳʡ ʧʨʦʮʝʥʪ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ; 

¶ ʚʥʦʩʠʪʴ ʝʞʝʛʦʜʥʦ ʥʘ 1 ʛʘ ʧʦʩʝʚʥʳʭ 

ʧʣʦʱʘʜʝʡ ʩʝʚʦʦʙʦʨʦʪʘ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʪʨʫʢʪʫʨʝ ʩʝʚʦʦʙʦʨʦʪʘ ʨʘʩʯʝʪʥʳʡ ʦʙʲʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ (ʥʘʚʦʟ ʂʈʉ, 

ʩʠʜʝʨʘʪʳ, ʩʦʣʦʤʘ ʠ ʪ. ʜ.). 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ,  ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʛʫʤʫʩʘ ʢʦʨʤʦʚʦʛʦ 

ʩʝʚʦʦʙʦʨʦʪʘ ʚ ʆʆʆ çʄʫʨʤʠʥʩʢʦʝè. ʀʩʭʦʜʷ 

ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʦʜʦʚʦʛʦ 

ʨʘʮʠʦʥʘ ʠ ʜʦʣʠ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ (53,44 %), 

ʜʠʥʘʤʠʢʘ ʛʫʤʫʩʘ ʧʦʯʚ ʚ ʵʪʦʤ ʩʝʚʦʦʙʦʨʦʪʝ 

ʧʦʣʫʯʠʣʘʩʴ ʧʦʣʦʞʠʪʝʣʴʥʦʡ,  ʪʘʢ ʢʘʢ 

ʤʠʥʠʤʘʣʴʥʦ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʧʦ ʤʦʜʝʣʠ 

ʧʨʦʮʝʥʪ ʤʥʦʛʦʣʝʪʥʠʭ ʪʨʘʚ 30,74 %. 
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ʈʠʩ. 7. ɹʘʣʘʥʩ ʛʫʤʫʩʘ ʚ ʢʦʨʤʦʚʦʤ ʩʝʚʦʦʙʦʨʦʪʝ 

 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʧʦʟʚʦʣʠʪ 

ʭʦʟʷʡʩʪʚʫ ʧʦʜʜʝʨʞʠʚʘʪʴ  ʙʝʟʜʝʬʠʮʠʪʥʳʡ 

ʙʘʣʘʥʩ ʛʫʤʫʩʘ ʧʦʯʚ ʚ ʩʝʚʦʦʙʦʨʦʪʘʭ. 

ɿʘʜʘʯʫ ʧʷʪʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ çʈʘʩʯʝʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʷʭè. 

ʋʯʝʥʳʤʠ ʀʊʆʉʍʘ ʨʘʟʨʘʙʦʪʘʥʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʧʦʯʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ [5], ʩʦʟʜʘʥʥʳʝ 

ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʌɻɹʅʋ "ʌɽɼɽʈɸʃʔʅʓʁ ʀʉʉʃɽɼʆ-

ɺɸʊɽʃʔʉʂʀʁ ʎɽʅʊʈ çʅɽʄʏʀʅʆɺʂɸè 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʨʦʞʘʡʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʯʚ, ʦʙʲʝʤʦʚ 

ʚʥʝʩʝʥʠʷ  ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ[5]. 

ɺ ʤʦʜʝʣʷʭ ʫʯʪʝʥʳ ʚʩʝ ʠʩʪʦʯʥʠʢʠ 

ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚ ʧʦʯʚʫ ʠ 

ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʘʟʦʪʥʦʛʦ, 

ʢʘʣʠʡʥʦʛʦ ʠ ʬʦʩʬʦʨʥʦʛʦ ʧʠʪʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʅʘ ʨʠʩʫʥʢʝ 8 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʜʣʷ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦ ʩʨʝʜʥʠʤ 

ʘʛʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʦʯʚʳ ʵʪʦʛʦ 

ʩʝʚʦʦʙʦʨʦʪʘ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʝ  ʢʫʣʴʪʫʨʳ ʩʝʚʦʦʙʦʨʦʪʘ 

ʥʫʞʜʘʶʪʩʷ ʚ ʘʟʦʪʥʳʭ ʫʜʦʙʨʝʥʠʷʭ. 
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ʈʠʩ. 8. ʈʘʩʯʝʪ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

 

ɿʘʜʘʯʫ ʰʝʩʪʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʠʟʚʝʩʪʢʦʚʳʭ 

ʫʜʦʙʨʝʥʠʷʭè, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʜʦʟʳ 

ʚʥʝʩʝʥʠʷ ʠʟʚʝʩʪʢʦʚʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʨʘʟʨʝʟʝ 

ʧʦʣʝʡ ʩʝʚʦʦʙʦʨʦʪʘ ʠ ʚ ʮʝʣʦʤ ʧʦ ʩʝʚʦʦʙʦʨʦʪʫ 

(ʨʠʩ. 9).ɺ ʧʨʝʜʣʦʞʝʥʥʦʤ ʩʝʚʦʦʙʦʨʦʪʝ 

ʪʨʝʙʫʝʪʩʷ ʚʥʝʩʪʠ ʙʦʣʝʝ 2219,8 ʪʦʥʥ 

ʜʦʣʦʤʠʪʦʚʦʡ ʤʫʢʠ.  

 
ʈʠʩ. 9. ʈʘʩʯʝʪ ʜʦʟ ʠʟʚʝʩʪʢʦʚʳʭ ʫʜʦʙʨʝʥʠʡ 

 

ɿʘʜʘʯʫ ʩʝʜʴʤʦʛʦ ʵʪʘʧʘ ʨʝʰʘʝʪ ʇʂ 

çʈʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʠʢʨʦʫʜʦʙʨʝʥʠʷʭè. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʤʠʢʨʦʵʣʝʤʝʥʪʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ ʫʯʝʥʳʤʠ ʀʊʆʉʍʘ ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʛʦ 

ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ 

ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʣʠʷʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ, ʚʥʝʩʝʥʥʳʭ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ  ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʩʥʦʚʥʳʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ[6]. 

ɺ ʵʪʠʭ ʤʦʜʝʣʷʭ ʫʯʪʝʥʳ ʚʩʝ ʠʟʚʝʩʪʥʳʝ 

ʥʘʤ  ʠʩʪʦʯʥʠʢʠ  ʧʦʩʪʫʧʣʝʥʠʷ, ʙʦʨʘ, ʤʝʜʠ, 
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ʤʘʨʛʘʥʮʘ, ʤʦʣʠʙʜʝʥʘ, ʢʦʙʘʣʴʪʘ, ʮʠʥʢʘ ʠ 

ʜʨʫʛʠʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ  ʚ ʧʦʯʚʝʥʥʳʡ 

ʨʘʩʪʚʦʨ.  ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʠʚʝʜʝʥ ʨʘʩʯʝʪ ʜʦʟ 

ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʧʦ ʧʣʘʥʠʨʫʝʤʫʶ 

ʫʨʦʞʘʡʥʦʩʪʴ  ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʧʦ ʩʨʝʜʥʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ 

ʧʦʯʚʳ ʩʝʚʦʦʙʦʨʦʪʘ. 

 
ʈʠʩ. 10. ʈʘʩʯʝʪ ʜʦʟ ʤʠʢʨʦʫʜʦʙʨʝʥʠʡ ʧʦʜ ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ 

 

ɺʳʚʦʜʳ.  

ʉʦʟʜʘʥ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʞʜʫ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʨʤʦʚ. 

çʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʨʤʦʚʦʡ ʙʘʟʳèʧʦʟʚʦʣʠʪ 

ʧʨʦʚʦʜʠʪʴ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʜʫʢʮʠʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʝʤʝʣʴʥʳʭ 

ʧʣʦʱʘʜʝʡ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʨʤʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ  ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʩ ʫʯʝʪʦʤ 

ʧʨʠʨʦʜʥʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʢʦʥʢʨʝʪʥʳʝ ʯʠʩʣʦʚʳʝ 

ʧʘʨʘʤʝʪʨʳ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʠ 

ʨʘʡʦʥʘ, ʦʙʣʘʩʪʠ, ʨʝʛʠʦʥʘ. 
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ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʀɸʕʇ) ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʚʣʘʛʦʦʪʜʘʯʠ ʩʢʦʰʝʥʥʦʡ ʪʨʘʚʳ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʆʧʨʝʜʝʣʷʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʪʨʘʚʦʩʪʦʡ, ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. ʀʟ ʧʨʠʚʝʜʸʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʧʨʘʚʣʷʝʤʳʤ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʚʦʨʦʰʝʥʠʡ ʪʨʘʚʳ. ʇʨʦʮʝʩʩ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ ʧʨʦʪʝʢʘʝʪ ʧʦ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ. ɺʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ ʦʪʦʙʨʘʞʘʝʪʩʷ ʯʝʨʝʟ 

ʩʪʝʧʝʥʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ɛ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʨʝʤʷ ʩʫʰʢʠ ʪʨʘʚʳ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ ʚʝʣʠʯʠʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɛ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ ʩʢʦʰʝʥʥʦʡ ʪʨʘʚʳ ʚ ʧʨʦʢʦʩʝ ʠ ʚ ʚʘʣʢʝ 

(ʯʝʨʝʟ 6, 4 ʠ 2 ʯʘʩʘ) ʩ ʫʯʸʪʦʤ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʫʨʦʞʘʡʥʦʩʪʠ, ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʘʟʳ 

ʚʝʛʝʪʘʮʠʠ ʪʨʘʚʦʩʪʦʷ; ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʩʚʝʱʸʥʥʦʩʪʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʢʨʘʱʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʷ 

ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ ʪʨʘʚʳ; ʚʦʨʦʰʝʥʠʝ ʪʨʘʚʳ ʚ ʧʨʦʢʦʩʘʭ ʚ ʧʦʣʝʚʳʭ 

ʫʩʣʦʚʠʷʭ ʵʬʬʝʢʪʠʚʥʝʝ ʚ 1,52-1,72 ʨʘʟʘ, ʯʝʤ ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʝʸ ʚ ʚʘʣʢʘʭ; ʩʢʦʨʦʩʪʴ ʚʣʘʛʦʦʪʜʘʯʠ ʧʨʠ 

ʜʦʩʪʠʞʝʥʠʠ ʪʨʘʚʳ ʚʣʘʞʥʦʩʪʠ 30% ʦʜʠʥʘʢʦʚʘ ʢʘʢ ʧʨʠ ʩʫʰʢʝ ʚ ʚʘʣʢʘʭ, ʪʘʢ ʠ ʚ ʧʨʦʢʦʩʘʭ. ʇʦʣʫʯʝʥʥʳʝ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ ʩʫʰʢʠ ʪʨʘʚʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦʦʪʜʘʯʠ 

ʩʢʦʰʝʥʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ ʚ ʬʘʟʫ ʩʪʝʙʣʝʚʘʥʠʷ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʕʪʦ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ (ʩʠʣʦʩʘ, ʩʝʥʘʞʘ, ʩʝʥʘ), ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʨʦʰʝʥʠʡ. ɼʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʧʦʣʥʷʶʪ ʙʘʟʫ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʪʨʘʚʳ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʜʠʥʘʤʠʢʝ ʠ ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ 
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ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʩ ʫʯʸʪʦʤ ʩʣʦʞʠʚʰʠʭʩʷ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʚʦʩʪʦʷ ʠ ʠʤʝʶʱʠʭʩʷ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʛʦʪʦʚʢʘ ʢʦʨʤʦʚ, ʚʣʘʛʦʦʪʜʘʯʘ ʪʨʘʚʳ, ʚʦʨʦʰʝʥʠʝ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ, 

ʤʦʜʝʣʴ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʙʘʟʘ ʜʘʥʥʳʭ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ʇʦʧʦʚ ɺ.ɼ., ʉʫʭʦʧʘʨʦʚ ɸ.ʀ. ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ ʥʘ 

ʜʠʥʘʤʠʢʫ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 
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The article considers the influence of various factors on the dynamics of field grass drying. The critical 

factors are indicators characterizing the grass stands, weather conditions, and physical impacts. Of the above 

factors, the mechanical effects are under control, in particular, the intensity of grass tedding. The grass 

drying process follows an exponential curve. The influence of the factors on the dynamics of moisture 

evaporation is shown by a coefficient ɛ, which allows forecasting the grass drying time in the field. The 

value of the coefficient ɛ under different intensity of grass tedding in the cutting paths and swaths every 6, 4 

and 2 hours was determined in the experiments with due account for the initial moisture content, yield, 

botanical composition and vegetation phase of the grass stand; the air temperature, relative humidity, and 

velocity; solar and ultraviolet radiation. The experiments showed that under satisfactory weather conditions, 

the reduction of tedding intensity had a negative impact on the grass drying time; grass tedding in the cutting 

paths was 1.52-1.72 times more effective than that in the swaths. When the grass moisture content reached 

30%, its drying rate in the swaths and in the cutting paths was the same. The obtained exponential models of 

grass drying allowed calculating the drying dynamics of the mown mixed grass-stand in the stalking phase 

under satisfactory weather conditions. This maked it possible to forecast the duration of the technological 

process of grass forage harvesting for silage, haylage, and hay depending on the frequency and number of 

grass tedding operations. These models will contribute to the database associated with the grass 

conservation. This database helps to forecast the progress of the forage harvesting process and to assess its 

effectiveness under the particular conservation method, taking into account the prevailing weather 

conditions, the grass stand characteristics, and the available material and technical resources. 
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ɺʚʝʜʝʥʠʝ 

ɺʘʞʥʝʡʰʠʤ ʧʫʪʸʤ ʫʢʨʝʧʣʝʥʠʷ ʢʦʨʤʦʚʦʡ 

ʙʘʟʳ ʠ ʩʥʠʞʝʥʠʷ ʝʸ ʜʝʬʠʮʠʪʥʦʩʪʠ ʧʦ ʙʝʣʢʫ ʠ 

ʚʠʪʘʤʠʥʘʤ ʷʚʣʷʝʪʩʷ ʫʩʪʨʘʥʝʥʠʝ ʠʣʠ 

ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʧʦʪʝʨʴ ʧʨʠ ʟʘʛʦʪʦʚʢʝ, 

ʭʨʘʥʝʥʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʨʤʦʚ. ʆʩʦʙʝʥʥʦ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʟʘʛʦʪʦʚʢʝ 

ʩʝʥʘ, ʪʘʢ ʢʘʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʝʩʴʤʘ ʜʣʠʪʝʣʴʥʳʡ ʧʦ ʚʨʝʤʝʥʠ 

ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ. ʇʦʪʝʨʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ 

ʟʘʛʦʪʦʚʢʝ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

1. ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʪʷʛʠʚʘʥʠʝʤ 

ʫʙʦʨʦʯʥʦʛʦ ʧʝʨʠʦʜʘ. ʊʘʢ ʢʘʞʜʳʡ ʜʝʥʴ 

ʧʝʨʝʩʪʦʷ ʥʝʩʢʦʰʝʥʥʦʡ ʪʨʘʚʳ ʩʚʳʰʝ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʨʦʢʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʙʦʨʘ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘ 

1% [1]. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʧʦʣʫʯʘʶʪ, ʝʩʣʠ ʪʨʘʚʫ ʩʢʘʰʠʚʘʶʪ ʚ 

ʪʝʯʝʥʠʠ 5-10 ʜʥʝʡ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ ʚ ʫʩʣʦʚʠʷʭ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 55-60 

ʜʥʝʡ [2, 3]. ʉ ʫʯʸʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʦʟʨʝʚʘʥʠʷ ʢʦʨʤʦʚʳʭ 

ʢʫʣʴʪʫʨ, ʧʦʪʝʨʠ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ 

ʫʙʦʨʢʠ ʩʦʩʪʘʚʣʷʶʪ 20-25%. 

2. ʇʦʪʝʨʠ ʠʟ-ʟʘ ʨʝʩʧʠʨʘʮʠʠ (ʪʦ ʝʩʪʴ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ ʫʞʝ ʚ ʩʢʦʰʝʥʥʳʭ 

ʨʘʩʪʝʥʠʷʭ ʠ ʨʘʩʭʦʜʦʚʘʥʠʠ ʧʨʠ ʵʪʦʤ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ) ʩʦʩʪʘʚʣʷʝʪ ʦʪ 4 ʜʦ 

22% ʚʩʝʛʦ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʫʪʸʤ ʙʳʩʪʨʝʡʰʝʛʦ ʚʳʩʫʰʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ 

ʜʦ 40% ʚʣʘʞʥʦʩʪʠ [4]. 

3. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ï ʵʪʦ 

ʧʦʪʝʨʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʨʝʟʘ ʠ ʧʦʜʙʦʨʘ 

ʩʨʝʟʘʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʦʙʠʚʘʥʠʷ ʣʠʩʪʴʝʚ ʠ 

ʩʦʮʚʝʪʠʡ ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʠ ʩʛʨʝʙʘʥʠʠ, 

ʚʳʜʫʚʘʥʠʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʧʨʠ ʧʦʛʨʫʟʢʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʪ.ʜ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ 7-

12% (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ 

ʢʦʨʤʦʫʙʦʨʦʯʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʄʀʉ). 

4. ʇʦʪʝʨʠ ʠʟ-ʟʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʫʥʠʯʪʦʞʝʥʠʷ ʢʘʨʦʪʠʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʉʥʠʞʝʥʠʝ ʵʪʠʭ ʧʦʪʝʨʴ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʧʨʝʙʳʚʘʥʠʷ ʪʨʘʚʳ ʚ ʧʦʣʝ ʠ ʭʨʘʥʝʥʠʷ ʢʦʨʤʦʚ 

[5, 6, 7]. 

5. ɻʥʠʝʥʠʝ ʠ ʬʝʨʤʝʥʪʘʮʠʷ ï ʪʘʢʞʝ ʚʳʟʚʘʥʳ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʨʠ ʟʘʛʦʪʦʚʢʝ 

ʢʦʨʤʦʚ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʫʶ ʧʦʛʦʜʫ ʤʦʛʫʪ 

ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʫʨʦʞʘʷ. 

6. ʇʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʨʦʞʝʥʠʷ 

ʚ ʩʠʣʦʩʥʦʡ ʤʘʩʩʝ. ʆʥʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʣʫʯʰʝʤ 

ʩʣʫʯʘʝ 5-10%, ʚ ʭʫʜʰʝʤ 30-40% 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ [5, 7]. 

ʆʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ 

ʚ ʧʨʦʮʝʩʩʝ ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ ʷʚʣʷʶʪʩʷ: 

ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʫʙʦʨʦʯʥʦʛʦ 

ʧʝʨʠʦʜʘ; ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ 

ʦʧʝʨʘʮʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʟʘʛʦʪʦʚʢʠ ʢʦʨʤʦʚ; ʧʨʠʤʝʥʝʥʠʝ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʦʩʪʘʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʥʘʨʷʜʫ ʩ ʩʦʢʨʘʱʝʥʠʝʤ ʧʦʪʝʨʴ ʨʝʟʢʦ ʩʥʠʟʠʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʝʡ, ʢʦʪʦʨʘʷ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʩʝ ʚʠʜʳ 

ʧʦʪʝʨʴ, ʷʚʣʷʝʪʩʷ ʩʫʰʢʘ (ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʝ) 

ʪʨʘʚʳ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʠʞʠʤʳʤ ʩʧʦʩʦʙʦʤ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʟʘʛʦʪʦʚʢʝ ʢʦʨʤʦʚ ʚ ʭʦʟʷʡʩʪʚʘʭ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ï ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ 

ʩʪʝʙʣʷ ʧʨʠ ʩʢʘʰʠʚʘʥʠʠ, ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ 

ʚʦʨʦʰʝʥʠʡ, ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ 

ʧʨʦʚʷʣʠʚʘʝʤʦʡ ʤʘʩʩʳ. ʇʦʣʫʯʝʥʠʝ ʤʦʜʝʣʝʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʨʦʮʝʩʩ ʚʣʘʛʦʦʪʜʘʯʠ, 

ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʙʘʟʳ ʜʘʥʥʳʭ ʧʦ 

ʤʦʜʝʣʷʤ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ 

ʚʦʟʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʀʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʚʣʘʛʦʦʪʜʘʯʠ ʩʣʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʜʠʥʘʤʠʢʠ ʩʫʰʢʠ ʠ ʬʘʢʪʦʨʦʚ ʚʣʠʷʶʱʠʭ ʥʘ 

ʥʝʸ ï ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʨʘʩʪʠʪʝʣʴʥʫʶ 

ʤʘʩʩʫ, ʩʦʩʪʦʷʥʠʷ ʪʨʘʚʦʩʪʦʷ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʣʘʛʠ 

ʚ ʪʨʘʚʝ ʠ ʚʨʝʤʝʥʝʤ ʩʫʰʢʠ [8]: 

Ὠ‫ ‘Ͻ‫ ϽὨὸ,                           (1) 
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ʛʜʝ Ὠï ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʚ ʪʨʘʚʝ ‫ 

ʟʘ ʚʨʝʤʷ Ὠὸ; ‫  - ʥʘʯʘʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, %; ‘ 

ï ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʠʩʧʘʨʝʥʠʝ 

ʚʣʘʛʠ ʠʟ ʪʨʘʚʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠ 

ʩʦʩʪʦʷʥʠʷ ʪʨʘʚʦʩʪʦʷ. 

ʈʝʰʘʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) 

ʧʦʣʫʯʠʤ ʦʙʱʠʡ ʟʘʢʦʥ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ: 

‫ ‫ ϽὩ Ͻ,            (2) 

ʛʜʝ ‫  - ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʪʨʘʚʳ, %. 

ɺʨʝʤʷ ʩʫʰʢʠ ʪʨʘʚʳ ʦʪ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ‫  ʜʦ ʚʣʘʞʥʦʩʪʠ ‫ : 

ὸ ϽÌÎ .            (3) 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʨʘʚʥʝʥʠʷ (3) ʥʝʦʙʭʦʜʠʤʦ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʧʫʪʸʤ ʫʩʪʘʥʦʚʠʪʴ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ‘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʠ ʚʠʜʘ ʪʨʘʚʳ, 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ. ɺʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ‘ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʥʝ 

ʦʧʨʝʜʝʣʝʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʫʩʣʦʚʠʡ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠ. 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʚʦʨʦʰʝʥʠʡ ʥʘ ʜʠʥʘʤʠʢʫ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ 

ʧʦʩʣʝ ʩʢʘʰʠʚʘʥʠʷ ʢʦʩʠʣʢʦʡ ʚ ʧʨʦʢʦʩ ʠ ʚ 

ʚʘʣʦʢ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʫʪʝʤ ʧʦʩʪʘʥʦʚʢʠ 

ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʘʚʦʩʪʦʷ (ʚʠʜ ʪʨʘʚʳ, ʬʘʟʘ 

ʚʝʛʝʪʘʮʠʠ ʪʨʘʚʳ, ʫʨʦʞʘʡʥʦʩʪʴ, ʚʣʘʞʥʦʩʪʴ); 

- ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ, 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʜʫʭʘ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ); 

- ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʠʭ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ (ʪʠʧ ʢʦʩʠʣʦʢ, ʚʳʩʦʪʘ 

ʩʢʘʰʠʚʘʥʠʷ, ʪʠʧ ʛʨʘʙʣʝʡ). 

ʋʧʨʘʚʣʷʝʤʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʚʦʨʦʰʝʥʠʡ. 

ʇʝʨʝʜ ʩʢʘʰʠʚʘʥʠʝʤ ʦʪʙʠʨʘʶʪʩʷ ʪʨʠ 

ʧʨʦʙʳ ʪʨʘʚʷʥʦʡ ʤʘʩʩʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʥʘʯʘʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ. 

ʉʢʘʰʠʚʘʥʠʝ ʪʨʘʚʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 09:00 

ʯʘʩʦʚ. ɿʘʤʝʨʳ ʟʥʘʯʝʥʠʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʚʦʜʠʪʩʷ ʯʝʨʝʟ 1 ʯʘʩ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʚʣʘʛʦʦʪʜʘʯʠ 

ʩʢʦʰʝʥʥʦʡ ʪʨʘʚʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 6 

ʢʦʥʪʨʦʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʩʭʝʤʘ ʢʦʪʦʨʳʭ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 1, ʧʫʪʸʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʪʨʘʚʳ ʥʘ 

ʨʘʤʢʘʭ ʧʣʦʱʘʜʴʶ 1ʤ
2
 ʩ ʥʘʪʷʥʫʪʦʡ ʩʝʪʢʦʡ 

ʯʝʨʝʟ 2 ʯʘʩʘ, ʥʘʯʠʥʘʷ ʩ 10:00 ʯʘʩʦʚ. ʊʨʘʚʘ 

ʦʩʪʦʨʦʞʥʦ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʢʦʩʘ ʠ ʚʘʣʢʘ ʧʝʨʝʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʝʪʢʫ 

ʨʘʤʢʠ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʥʘʯʘʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʠ ʥʘʯʘʣʴʥʦʛʦ ʚʝʩʘ ʪʨʘʚʳ ʥʘ ʨʘʤʢʝ. 

ɼʘʣʝʝ ʨʘʩʯʸʪʥʳʤ ʧʫʪʸʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʪʨʘʚʳ ʚ ʧʨʦʮʝʩʩʝ 

ʩʫʰʢʠ: 

‫ ‖Ͻρππ Ͻρππ‫ ,               (4) 

ʛʜʝ ‖ - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʠʟʤʝʥʝʥʠʝ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʪʨʘʚʳ ʚ ʧʨʦʮʝʩʩʝ 

ʩʫʰʢʠ; ‫ - ʚʣʘʞʥʦʩʪʴ ʪʨʘʚʳ ʧʨʠ 

ʚʟʚʝʰʠʚʘʥʠʠ, %; ὗ  ï ʥʘʯʘʣʴʥʳʡ ʚʝʩ ʪʨʘʚʳ 

ʥʘ ʨʘʤʢʝ, ʢʛ; ὗ ï ʚʝʩ ʪʨʘʚʳ ʥʘ ʨʘʤʢʝ ʚ 

ʤʦʤʝʥʪ ʚʟʚʝʰʠʚʘʥʠʷ, ʢʛ. 

ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʟʘʤʝʨʦʚ ʚ 

ʪʝʯʝʥʠʠ ʜʥʷ ʚ 20:00 ʯʘʩʦʚ, ʢʦʛʜʘ ʫ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʚʳʩʦʢʘʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, ʠ ʧʨʦʮʝʩʩ 

ʚʣʘʛʦʦʪʜʘʯʠ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʨʘʚʘ 

ʧʨʦʚʷʣʠʚʘʝʪʩʷ ʜʦ ʚʣʘʞʥʦʩʪʠ 17% (ʩʦʛʣʘʩʥʦ 

ɻʆʉʊ 4808-87 ʥʘ ʩʝʥʦ) ʠʣʠ ʧʦʢʘ ʥʝ ʩʪʘʥʝʪ 

çʥʝ ʢʣʘʩʩʥʦʡè ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 
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ʈʠʩ. 1. ʉʭʝʤʘ ʫʯʘʩʪʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʚʘʣʦʤ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʚʦʨʦʰʝʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʚʣʘʛʦʦʪʜʘʯʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ 

ʩʤʝʩʠ 3 ʛʦʜʘ ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʬʘʟʫ ʩʪʝʙʣʝʚʘʥʠʷ 

ʧʦ ʙʦʙʦʚʦʤʫ ʢʦʤʧʦʥʝʥʪʫ 16-20 ʘʚʛʫʩʪʘ 2019 

ʛʦʜʘ. ɺʦʨʦʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʨʦʪʘʮʠʦʥʥʳʤʠ ʛʨʘʙʣʷʤʠ, ʧʦʩʣʝ ʩʢʘʰʠʚʘʥʠʷ 

ʪʨʘʚʦʩʪʦʷ ʥʘ ʚʳʩʦʪʫ 6 ʩʤ ʢʦʩʠʣʢʦʡ 

ʨʦʪʘʮʠʦʥʥʦʛʦ ʪʠʧʘ ʚ ʧʨʦʢʦʩ ʠ ʚ ʚʘʣʦʢ ʥʘ ʧʦʣʷ 

ɻʋ ʆʇʍ çʂʘʣʦʞʠʮʳè. ʋʨʦʞʘʡʥʦʩʪʴ ʪʨʘʚʳ 

ʥʘ ʫʯʘʩʪʢʘʭ ʩʦʩʪʘʚʣʷʣʘ 12,2 ʪ/ʛʘ. ʅʘʯʘʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʪʨʘʚʳ ‫  ʩʦʩʪʘʚʣʷʣʘ 78%. 

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʧʝʨʠʦʜ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʣʷʣʘ 16,7
0
ʉ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ï 32,8%, ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʤʝʱʝʥʠʷ ï 1,2 ʤ/ʩ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ 

ʦʩʚʝʱʸʥʥʦʩʪʴ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ï 442 ʢɺʪ/ʤ
2
. ɼʘʥʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʠʩʭʦʜʷ ʠʟ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʩʯʠʪʘʪʴ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ 

ʛʨʘʬʠʢʠ ʚʣʠʷʥʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ 

(ʯʝʨʝʟ 6 ʯʘʩʦʚ, ʯʝʨʝʟ 4 ʯʘʩʘ, ʯʝʨʝʟ 2 ʯʘʩʘ) ʥʘ 

ʜʠʥʘʤʠʢʫ ʚʣʘʛʦʦʪʜʘʯʠ ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ 

ʩʤʝʩʠ ʚ ʬʘʟʫ ʩʪʝʙʣʝʚʘʥʠʷ ʧʦ ʙʦʙʦʚʦʤʫ 

ʢʦʤʧʦʥʝʥʪʫ ʧʨʠ ʩʫʰʢʝ ʝʸ ʧʦʩʣʝ ʩʢʘʰʠʚʘʥʠʷ 

ʨʦʪʘʮʠʦʥʥʦʡ ʢʦʩʠʣʢʦʡ ʚ ʧʨʦʢʦʩ (ʨʠʩ. 2) ʠ ʚ 

ʚʘʣʦʢ (ʨʠʩ. 3). 

 
ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʚʣʘʛʦʦʪʜʘʯʠ 

ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ ʩʤʝʩʠ ʚ ʧʨʦʢʦʩʝ 

 
ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʚʣʘʛʦʦʪʜʘʯʠ 

ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ ʩʤʝʩʠ ʚ ʚʘʣʢʝ 

 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʧʨʦʛʨʘʤʤʝ çMicrosoft 

Office Excel 2003è [9]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ (ʩʛʣʘʞʠʚʘʥʠʷ) ʢʨʠʚʳʭ ʙʳʣʠ 
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ʧʦʣʫʯʝʥʳ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʚʣʘʛʦʦʪʜʘʯʠ 

ʧʨʦʚʷʣʠʚʘʝʤʦʡ ʙʦʙʦʚʦ-ʟʣʘʢʦʚʦʡ 

(ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ) ʪʨʘʚʦʩʤʝʩʠ ʚ ʬʘʟʫ 

ʥʘʯʘʣʘ ʮʚʝʪʝʥʠʷ ʟʣʘʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʚ 

ʬʘʟʫ ʧʦʣʥʦʡ ʙʫʪʦʥʠʟʘʮʠʠ ʙʦʙʦʚʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʦʩʷʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʚʨʝʤʝʥʠ 

ʩʫʰʢʠ ʪʨʘʚʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦ 

ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ  ‘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʩʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʫ 1 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʰʢʠ ʚ ʧʨʦʢʦʩʝ 

ʠʣʠ ʚ ʚʘʣʢʝ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ. 

ʊʘʙʣʠʮʘ  

ɺʝʣʠʯʠʥʘ ʧʨʠʚʝʜʸʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ 

ɹʦʪʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʪʨʘʚʳ 

ʇʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ 

ʉʫʰʢʘ ʚ 

ʧʨʦʢʦʩʝ / 

ʚʘʣʢʝ 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʚʦʨʦʰʝʥʠʡ 

ɺʨʝʤʷ, 

ʯ 
‫ , % ‫ , % ɛ 

ɿʣʘʢʦʚʦ-ʙʦʙʦʚʳʡ 

ʪʨʘʚʦʩʪʦʡ 

(ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʘʷ 

ʩʤʝʩʴ) 

ʋʜʦʚʣʝʪʚʦʨ

ʠʪʝʣʴʥʳʝ 

ʧʨʦʢʦʩ 

ʚʦʨʦʰʝʥʠʝ 2ʯ 39 78 16 0,039 

ʚʦʨʦʰʝʥʠʝ 4ʯ 39 78 22 0,033 

ʚʦʨʦʰʝʥʠʝ 6ʯ 39 78 30 0,026 

ʚʘʣʦʢ 

ʚʦʨʦʰʝʥʠʝ 2ʯ 48 78 16 0,025 

ʚʦʨʦʰʝʥʠʝ 4ʯ 48 78 26 0,018 

ʚʦʨʦʰʝʥʠʝ 6ʯ 48 78 34 0,014 

 

ʄʦʜʝʣʴ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʷʣʠʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ 

(ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ ʩʤʝʩʠ) ʚ ʧʨʦʢʦʩʝ (
i

Ïðw ) 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ: 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 2 ʯʘʩʘ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,977 

te 038,02 78
Ïð

-=w ; (5) 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 4 ʯʘʩʘ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,988 

te 033,04 78
Ïð

-=w ; (6) 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,956 

te 024,06 78
Ïð

-=w . (7) 

ʄʦʜʝʣʴ ʚʣʘʛʦʦʪʜʘʯʠ ʪʨʘʚʳ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʚʷʣʠʚʘʥʠʷ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ 

(ʢʣʝʚʝʨʦʪʠʤʦʬʝʝʯʥʦʡ ʩʤʝʩʠ) ʚ ʚʘʣʢʝ (i

Âàw ) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ: 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 2 ʯʘʩʘ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,951 

te 025,02 78
Âà

-=w ; (8) 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 4 ʯʘʩʘ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,944 

te 018,04 78
Âà

-=w ; (9) 

- ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʯʝʨʝʟ 6 ʯʘʩʦʚ ʩ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ R
2
=0,891 

te 014,06 78
Âà

-=w . (10) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ɛ 

ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦ ʬʦʨʤʫʣʝ (3) ʚʨʝʤʷ 

ʩʫʰʢʠ ʪʨʘʚʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʩʫʰʢʠ ʪʨʘʚʳ (5)-(10) ʧʦʧʦʣʥʷʶʪ ʙʘʟʫ ʜʘʥʥʳʭ 

ʤʦʜʝʣʝʡ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʪʨʘʚʳ, ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʢʦʨʤʦʟʘʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʠʥʘʤʠʢʝ 

ʠ ʦʮʝʥʢʘ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʩ 

ʫʯʸʪʦʤ ʩʣʦʞʠʚʰʠʭʩʷ ʧʦʛʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʨʘʚʦʩʪʦʷ ʠ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

 

 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

67 

 

ɺr ʚʦʜʳ 

ʇʨʠ ʘʥʘʣʠʟʝ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʘ ɛ 

ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ ʧʨʠ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʊʘʙʣʠʮʝ 2, ʚʳʷʚʣʝʥʦ: 

- ʩʦʢʨʘʱʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʨʦʰʝʥʠʷ 

(ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ) ʥʝʛʘʪʠʚʥʝʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʫʰʢʠ 

ʪʨʘʚʳ (ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʚ ʧʨʦʢʦʩʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,25 ʨʘʟʘ, ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʚ 

ʚʘʣʢʝ ʚ 1,78 ʨʘʟʘ); 

- ʚʦʨʦʰʝʥʠʝ ʚ ʧʨʦʢʦʩʘʭ ʧʨʠ ʩʫʰʢʝ ʪʨʘʚʳ ʚ 

ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ (ʚ 1,52-

1,72 ʨʘʟʘ), ʯʝʤ ʧʨʠ ʚʦʨʦʰʝʥʠʠ ʚ ʚʘʣʢʘʭ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʙʦʣʴʰʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ; 

- ʩʢʦʨʦʩʪʴ ʚʣʘʛʦʦʪʜʘʯʠ ʩʢʦʰʝʥʥʦʡ ʪʨʘʚʷʥʦʡ 

ʤʘʩʩʳ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʝʶ ʚʣʘʞʥʦʩʪʠ 30% 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ, ʢʘʢ ʧʨʠ ʩʫʰʢʝ ʚ 

ʚʘʣʢʝ, ʪʘʢ ʠ ʚ ʧʨʦʢʦʩʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʯʠʪʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʚʣʘʛʦʦʪʜʘʯʠ 

ʩʢʦʰʝʥʥʦʛʦ ʩʤʝʰʘʥʥʦʛʦ ʪʨʘʚʦʩʪʦʷ ʚ ʬʘʟʫ 

ʩʪʝʙʣʝʚʘʥʠʷ ʧʨʠ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 

ʧʦʛʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʏʪʦ ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʛʦʪʦʚʢʠ 

ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ (ʩʠʣʦʩʘ, ʩʝʥʘʞʘ, ʩʝʥʘ), ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʦʨʦʰʝʥʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʩʫʱʝʩʪʚʠʤʘ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʭʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʨʤʦʚ ʠʟ ʪʨʘʚ, ʠ ʪʝʤ ʩʘʤʳʤ 

ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʣʴʪʝʨʥʘʪʠʚ. 
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Cocksfoot is a valuable forage crop, one of the earliest, highly nutritious grasses much-in-demand in 

fodder production. The cultivated cocksfoot is a tetraploid and is able to exhibit a wide range of variability 

when adapting to abiotic environmental factors. The cultural and wild accessions of cocksfoot of different 

geographical origin were studied and the most promising ones were identified for cultivation and breeding in 

Leningrad Region. The collection of 15 cultural and wild accessions was studied in Leningrad Research 

Institute of Agriculture ñBELOGORKAò. The first mowing in the earing phase was on May 30 and June
 
11, 

the second mowing ï on August 1. Statistical processing included the calculation of main variability 

parameters and the variance analysis. Triada variety was distinguished by the four indicators: the height on 

the 20th day from the beginning of regrowth and the height before the first mowing, the yield of green mass 

in the first and second mowing. Noteworthy were Khlynovskaya, Leningradskaya 853, and VIK 61 varieties 

by the high yielding capacity in the first mowing; the early-maturing Dvina variety demonstrated the 

exceptional yield in the studied group. The wild specimen from Karelia (Es-1) attracted attention by the fact 

that it reached the mowing ripeness two weeks later than other accessions, with the green mass yield, 

however, being at the level of the breeding varieties, which stood out in the first mowing. 

 

Keywords: accession, collection, origin, late maturity. 
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ɺʚʝʜʝʥʠʝ 

ɽʞʘ ʩʙʦʨʥʘʷ (Dactylis glomerata L.) ï 

ʮʝʥʥʘʷ ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ, ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʨʘʥʥʠʭ, ʚʳʩʦʢʦʧʠʪʘʪʝʣʴʥʳʭ, 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʢʦʨʤʦʧʨʦʠʟʚʦʜʩʪʚʝ 

ʟʣʘʢʦʚʳʭ ʪʨʘʚ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʩ ʰʠʨʦʢʠʤ 

ʘʜʘʧʪʠʚʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʠʟʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʩʝʣʝʢʮʠʦʥʥʳʭ 

ʧʨʦʛʨʘʤʤ. ɺʩʣʝʜʩʪʚʠʝ ʛʣʦʙʘʣʴʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʢʨʘʡʥʝ ʠʟʤʝʥʯʠʚʳ ʠʟ ʛʦʜʘ 

ʚ ʛʦʜ. Cʦʨʪʘ, ʨʘʡʦʥʠʨʦʚʘʥʥʳʝ ʚ ʥʝʩʢʦʣʴʢʠʭ 

ʨʝʛʠʦʥʘʭ, ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʨʦʛʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʦʨʪʘʤʠ [1]. 

ʂʫʣʴʪʠʚʠʨʫʝʤʘʷ ʝʞʘ ʩʙʦʨʥʘʷ ʷʚʣʷʝʪʩʷ 

ʪʝʪʨʘʧʣʦʠʜʦʤ (2n=28) ʠ ʩʧʦʩʦʙʥʘ ʧʨʦʷʚʣʷʪʴ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ 

ʘʜʘʧʪʘʮʠʠ ʢ ʘʙʠʦʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʘʤ ʩʨʝʜʳ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʣʣʝʢʮʠʠ ʝʞʠ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʙʘʟʝ ʃʝʥʠʥʛʨʘʜʩʢʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ "ɹʝʣʦʛʦʨʢʘ". 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʠ ʚʢʣʶʯʝʥʳ 15 

ʢʫʣʴʪʫʨʥʳʭ ʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʦʙʨʘʟʮʦʚ ʝʞʠ ʠʟ 

ʢʦʣʣʝʢʮʠʠ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʥʠʡ ʠʤ.ʅ. ʀ. 

ɺʘʚʠʣʦʚʘ (ɺʀʈ). ʀʟʫʯʝʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ ɺʀʈ [2]. ʇʠʪʦʤʥʠʢ 

ʠʟʫʯʝʥʠʷ ʙʳʣ ʟʘʣʦʞʝʥ ʚ 2016 ʛʦʜʫ. ʆʙʨʘʟʮʳ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʜʚʫʭ ʧʦʚʪʦʨʥʦʩʪʷʭ. 

ʇʣʦʱʘʜʴ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʣʷʣʘ 3,5 ʤ
2
 (5 ʤ Ĭ 

0,7 ʤ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʨʷʜʢʘʤʠ 0,7 ʤ. 

ʋʜʦʙʨʝʥʠʝ N16P16K16 ʚʥʦʩʠʣʠ ʠʟ ʨʘʩʯʝʪʘ 100 

ʢʛ/ʛʘ. ʇʝʨʚʳʡ ʫʢʦʩ 13 ʦʙʨʘʟʮʦʚ ʚ ʬʘʟʝ 

ʢʦʣʦʰʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ 30 ʤʘʷ ʠ ʦʜʥʦʛʦ 

ʦʙʨʘʟʮʘ (ʕʩ-1) ï 11 ʠʶʥʷ. ɺʪʦʨʦʡ ʫʢʦʩ 15 

ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʣʠ 1 ʘʚʛʫʩʪʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʢʝʪʘ STATISTCA 7.0 ʠ 

ʚʢʣʶʯʘʣʘ ʚʳʯʠʩʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ. 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʟʠʤʥʠʝ ʤʝʩʷʮʳ 

2018-2019 ʛʦʜʦʚ ʚ ʩʨʝʜʥʝʤ ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ 

ʦʪ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ, ʥʦ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

71 

 

ʜʠʘʧʘʟʦʥ ʥʘʙʣʶʜʘʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣ 

ʰʠʨʝ. ɼʝʢʘʙʨʴ ʠ ʷʥʚʘʨʴ ʙʳʣʠ ʭʦʣʦʜʥʝʝ, 

ʬʝʚʨʘʣʴ ʠ ʤʘʨʪ ï ʪʝʧʣʝʝ ʩʨʝʜʥʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ. ɺ ʘʧʨʝʣʝ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʦʣʝʙʘʣʘʩʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ: ʦʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʥʦʯʥʳʝ ʯʘʩʳ (ï 

6,6
Ü
C 3 ʘʧʨʝʣʷ) ʜʦ +23,4

Ü
C (26 ʘʧʨʝʣʷ). 

ʇʦʩʣʝʜʥʠʡ ʟʘʤʦʨʦʟʦʢ ʦʪʤʝʪʠʣʠ 11 ʤʘʷ (-

1,1
Ü
C). ɸʧʨʝʣʴ ʙʳʣ ʪʝʧʣʝʝ, ʘ ʤʘʡ ʥʘ ʫʨʦʚʥʝ 

ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ ʟʥʘʯʝʥʠʡ. ʀʶʥʴ ʙʳʣ 

ʦʯʝʥʴ ʪʝʧʣʳʤ; ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʨʝʚʳʩʠʣʘ ʩʨʝʜʥʶʶ ʤʥʦʛʦʣʝʪʥʶʶ ʥʘ 2,8
Ü
C. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩ 4 ʧʦ 9 ʠʶʥʷ ʚ 

ʜʥʝʚʥʳʝ ʯʘʩʳ ʧʨʝʚʳʰʘʣʘ ʦʪʤʝʪʢʫ 25
Ü
C; ʚ 

ʮʝʣʦʤ ʠʶʥʴ ʙʳʣ ʪʝʧʣʝʝ ʠʶʣʷ. ʉʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʣʷ ʙʳʣʘ ʥʠʞʝ ʩʨʝʜʥʝʛʦ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʟʥʘʯʝʥʠʷ ʥʘ 2 ʛʨʘʜʫʩʘ. 

ʉʥʝʞʥʳʡ ʧʦʢʨʦʚ ʫʩʪʘʥʦʚʠʣʩʷ ʚ ʢʦʥʮʝ 

ʜʝʢʘʙʨʷ 2018 ʛʦʜʘ ʠ ʩʦʰʝʣ ʚ ʢʦʥʮʝ ʤʘʨʪʘ. 

ʂʦʣʠʯʝʩʪʚʦ ʚʳʧʘʚʰʠʭ ʦʩʘʜʢʦʚ ʚ ʘʧʨʝʣʝ 

ʙʳʣʦ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ ʥʦʨʤʳ; ʚ 

ʤʘʝ ʦʩʘʜʢʠ ʧʨʝʚʳʩʠʣʠ ʥʦʨʤʫ ʚ 2 ʨʘʟʘ, ʚ ʠʶʥʝ 

ï ʚ 4 ʨʘʟʘ ʥʠʞʝ ʥʦʨʤʳ, ʚ ʠʶʣʝ ï 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʩʨʝʜʥʠʤ ʤʥʦʛʦʣʝʪʥʠʤ (ʨʠʩ. 

1). 

 

 
ʈʠʩ. 1. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʠ 

ʤʝʩʷʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ (ñɹɽʃʆɻʆʈʂɸò, 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, 2019 ʛ.) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺʝʩʝʥʥʝʝ ʦʪʨʘʩʪʘʥʠʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʝʞʠ  

ʥʘʯʘʣʦʩʴ 13 ʘʧʨʝʣʷ. ʌʘʟʘ ʢʦʣʦʰʝʥʠʷ  ʝʞʠ 

ʩʦʨʪʘ ɼʚʠʥʘ ʠʟ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ (ʢ-

36684) ʥʘʩʪʫʧʠʣʘ ʨʘʥʴʰʝ ʚʩʝʭ ʦʙʨʘʟʮʦʚ (19 

ʤʘʷ); ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʦʪ ʥʘʯʘʣʘ 

ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ ʜʦ ʢʦʣʦʰʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ 36 ʜʥʝʡ. ʉʫʤʤʘ ʘʢʪʠʚʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʙʦʣʝʝ +10 Áʉ) ʟʘ ʵʪʦʪ ʧʝʨʠʦʜ 

ʩʦʩʪʘʚʠʣʘ 550 
Ü
C. ʅʘʠʙʦʣʝʝ ʧʦʟʜʥʠʡ ʩʨʦʢ 

ʥʘʯʘʣʘ ʢʦʣʦʰʝʥʠʷ ʫ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʦʙʨʘʟʮʘ 

ʕʩ-1 ʠʟ ʂʘʨʝʣʠʠ (5 ʠʶʥʷ). 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ  

ʩʦʩʪʘʚʠʣ 53 ʜʥʷ. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ 

ʚʩʪʫʧʠʣʠ ʚ ʬʘʟʫ ʢʦʣʦʰʝʥʠʷ 21-23  ʤʘʷ; ʦʪ 

ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ ʧʨʦʰʣʦ ʦʪ 38- 

40 ʜʥʝʡ, ʩʫʤʤʘ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʩʦʩʪʘʚʠʣʦ 600-640 ÁC.  

ʄʝʩʪʦ ʩʙʦʨʘ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʦʙʨʘʟʮʘ ʕʩ-

1 ï ʩʝʚʝʨʥʦʝ ʧʦʙʝʨʝʞʴʝ ʆʥʝʞʩʢʦʛʦ ʦʟʝʨʘ, 

ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʭʦʣʦʜʥʦʡ ʟʘʪʷʞʥʦʡ 

ʚʝʩʥʦʡ ʩ ʚʦʟʚʨʘʪʥʳʤʠ ʟʘʤʦʨʦʟʢʘʤʠ ʚ ʤʘʝ ʠ 

ʥʘʯʘʣʝ ʠʶʥʷ [3]. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʨʝʘʢʮʠʷ ʥʘ ʜʣʠʥʫ ʜʥʷ, ʢʘʢ ʦʜʥʘ ʠʟ ʘʜʘʧʪʘʮʠʡ 

ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʉʝʚʝʨʘ, 

ʦʪʦʜʚʠʛʘʝʪ  ʥʘʯʘʣʦ ʛʝʥʝʨʘʪʠʚʥʦʡ ʬʘʟʳ ʥʘ 

ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʩʨʦʢ, ʢʦʛʜʘ ʤʠʥʫʝʪ ʫʛʨʦʟʘ 

ʟʘʤʦʨʦʟʢʦʚ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʩʪʫʧʣʝʥʠʝ 

ʛʝʥʝʨʘʪʠʚʥʦʡ ʬʘʟʳ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʨʝʘʢʮʠʝʡ 

ʨʘʩʪʝʥʠʡ ʵʪʦʡ ʧʦʧʫʣʷʮʠʠ  ʥʘ ʜʣʠʥʫ ʜʥʷ, ʘ ʥʝ 

ʩʫʤʤʦʡ ʘʢʪʠʚʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʟʜʥʷʷ ʫʢʦʩʥʘʷ ʩʧʝʣʦʩʪʴ ʵʪʦʛʦ 

ʦʙʨʘʟʮʘ ʝʞʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʬʦʪʦʧʝʨʠʦʜʫ.  

ʈʘʥʝʝ ʩʭʦʜʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʫ ʦʜʥʦʣʝʪʥʠʭ ʢʫʣʴʪʫʨʥʳʭ ʟʣʘʢʦʚ, ʪʘʢʠʭ, ʢʘʢ 

ʦʚʝʩ ʠ ʧʰʝʥʠʮʘ: ʫ ʧʦʟʜʥʝʩʧʝʣʳʭ ʩʦʨʪʦʚ 

ʦʙʥʘʨʫʞʝʥʘ ʩʠʣʴʥʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ 

ʬʦʪʦʧʝʨʠʦʜʫ; ʨʘʥʥʝʩʧʝʣʳʝ ʩʦʨʪʘ ʩʣʘʙʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʥʝʤʫ [4, 5]. ʉʠʣʴʥʘʷ 

ʬʦʪʦʧʝʨʠʦʜʠʯʝʩʢʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʰʝʥʠʮʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʝʮʝʩʩʠʚʥʳʤʠ ʛʝʥʘʤʠ 

[6]. ɺʦʟʤʦʞʥʦ ʪʘʢʞʝ ʫ ʤʥʦʛʦʣʝʪʥʠʭ 

ʟʣʘʢʦʚʳʭ ʪʨʘʚ, ʢʘʢ ʠ ʫ ʦʜʥʦʣʝʪʥʠʭ ʟʣʘʢʦʚ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʨʝʮʝʩʩʠʚʥʳʝ ʛʝʥʳ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʬʦʪʦʧʝʨʠʦʜʠʯʝʩʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʝʞʘ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʧʣʦʠʜʦʤ [7], ʪʦ ʯʘʩʪʦʪʘ 
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ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʦʟʜʥʝʩʧʝʣʳʭ ʬʦʨʤ ʙʫʜʝʪ 

ʥʠʟʢʦʡ. ɼʨʫʛʠʝ ʩʝʚʝʨʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʈʦʩʩʠʠ, 

ʅʦʨʚʝʛʠʠ ʠ ʌʠʥʣʷʥʜʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 

ʥʘʙʦʨʝ ʠʤʝʣʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʤʝʞʬʘʟʥʳʡ 

ʧʝʨʠʦʜ çʥʘʯʘʣʦ ʦʪʨʘʩʪʘʥʠʷ ï ʥʘʯʘʣʦ 

ʢʦʣʦʰʝʥʠʷè ʠ ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʙʦʣʝʝ 

ʶʞʥʳʭ ʦʙʨʘʟʮʦʚ. ɺʦʟʤʦʞʥʦ, ʧʦʟʜʥʝʩʧʝʣʳʝ 

ʬʦʨʤʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʧʦʧʫʣʷʮʠʷʭ 

ʝʞʠ, ʥʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʢʫʣʴʪʫʨʫ ʦʥʠ 

ʪʝʨʷʶʪʩʷ ʧʨʠ ʫʙʦʨʢʝ, ʢʦʪʦʨʫʶ ʧʨʦʚʦʜʷʪ ʧʨʠ 

ʩʦʟʨʝʚʘʥʠʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʘʩʪʝʥʠʡ. 

ʇʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ 

(ʚʳʩʦʪʘ ʨʘʩʪʝʥʠʡ ʥʘ 20-ʡ ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ 

ʚʝʩʝʥʥʝʛʦ ʦʪʨʘʩʪʘʥʠʷ) ʚʳʜʝʣʠʣʠ ʪʨʠ ʛʨʫʧʧʳ 

ʦʙʨʘʟʮʦʚ ʝʞʠ (ʊʘʙʣʠʮʘ, ʅʉʈ005 = 5,2). 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʦʪʨʘʩʪʘʥʠʝʤ: 

ʩʦʨʪʘ ɼʚʠʥʘ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ 

853,ʍʣʳʥʦʚʩʢʘʷ, ʊʨʠʘʜʘ, ʜʠʢʦʨʘʩʪʫʱʠʡ 

ʦʙʨʘʟʝʮ ʠʟ ʨʝʩʧʫʙʣʠʢʠ ʂʦʤʠ. ʉʨʝʜʥʷʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʩʪʘʥʠʷ ʫ ʩʦʨʪʦʚ 

Tammisto, ɺʀʂ 61, ʅʝʚʘ, ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ, 

ʜʠʢʦʨʘʩʪʫʱʠʭ ʦʙʨʘʟʮʦʚ ʠʟ ʅʦʨʚʝʛʠʠ, 

ʇʩʢʦʚʩʢʦʡ ʠ ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʝʡ. ʅʠʟʢʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʩʪʘʥʠʷ ʫ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʂʘʨʝʣʠʠ ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ.  

 

ʊʘʙʣʠʮʘ 

ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʝʞʠ ʩʙʦʨʥʦʡ ʠʟ ʢʦʣʣʝʢʮʠʠ ɺʀʈ  

(ɹʝʣʦʛʦʨʢʘ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, 2019ʛʦʜ) 

 
 

ʇʦ ʚʳʩʦʪʝ ʧʝʨʝʜ ʧʝʨʚʳʤ ʫʢʦʩʦʤ 

ʚʳʜʝʣʠʣʠʩʴ ʩʦʨʪʘ ʃʝʥʠʥʛʨʘʜʩʢʘʷ 853, 

ʊʨʠʘʜʘ, ʍʣʳʥʦʚʩʢʘʷ, ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʠ 

ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʠʟ ʂʘʨʝʣʠʠ ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʪʘʙʣʠʮʘ, ʅʉʈ005  = 

11,4 ʩʤ). ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʫ 

ʩʦʨʪʦʚ ɺʀʂ 61, ɼʚʠʥʘ, ʅʝʚʘ ʠ ʫ ʜʚʫʭ 

ʦʙʨʘʟʮʦʚ ʠʟ ʅʦʨʚʝʛʠʠ. ɺ ʪʨʝʪʴʶ ʛʨʫʧʧʫ 

ʧʦʧʘʣʠ  ʦʙʨʘʟʮʳ ʩ ʤʝʥʴʰʝʡ ʚʳʩʦʪʦʡ: ʩʦʨʪ 

Tammisto ʠ ʫ ʜʠʢʦʨʘʩʪʫʱʠʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʗʨʦʩʣʘʚʩʢʦʡ ʠ ʇʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʝʡ.  

ʇʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚ ʧʝʨʚʦʤ 

ʫʢʦʩʝ (ʨʠʩ. 1) ʩʦʨʪ ɼʚʠʥʘ ʧʨʝʚʟʦʰʝʣ ʚʩʝ 

ʦʙʨʘʟʮʳ. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʛʨʫʧʧʳ (ʩʤ. ʪʘʙʣʠʮʫ, ʅʉʈ005 = 

234,3). ɺ ʛʨʫʧʧʝ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʘ 

ʍʣʳʥʦʚʩʢʘʷ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ 853,ʊʨʠʘʜʘ, 

ɺʀʂ 61 ʠ ʜʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʠʟ ʂʘʨʝʣʠʠ. 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʉʨʝʜʥʝʫʨʦʞʘʡʥʳʝ ʦʙʨʘʟʮʳ: ʩʦʨʪʘ Tammisto, 

ʅʝʚʘ, ʇʝʪʨʦʟʘʚʦʜʩʢʘʷ ʠ ʜʚʘ ʜʠʢʦʨʘʩʪʫʱʠʭ 

ʦʙʨʘʟʮʘ ʠʟ ʅʦʨʚʝʛʠʠ; ʥʘʠʤʝʥʝʝ ʫʨʦʞʘʡʥʳʝ: 

ʜʠʢʦʨʘʩʪʫʱʠʝ ʦʙʨʘʟʮʳ ʠʟ ʇʩʢʦʚʩʢʦʡ ʠ 

ʗʨʦʩʣʘʚʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

 

 
ʈʠʩ. 2. ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʝʞʠ ʚ 1-ʦʤ 

ʫʢʦʩʝ ʠʟ ʢʦʣʣʝʢʮʠʠ ɺʀʈ  (ɹʝʣʦʛʦʨʢʘ, 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, 2019 ʛʦʜ) 

 

ɺʦ ʚʪʦʨʦʤ ʫʢʦʩʝ (ʨʠʩ. 2) ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ 

ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚʳʜʝʣʠʣʠʩʴ ʜʠʢʦʨʘʩʪʫʱʠʝ 

ʦʙʨʘʟʮʳ ʠʟ ʅʦʨʚʝʛʠʠ (ʢ-44020) ʠ 

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʩʦʨʪʘ ʊʨʠʘʜʘ ʠ 

Tammisto. ʉʘʤʳʡ ʥʠʟʢʠʡ ʫʨʦʞʘʡ ʟʝʣʝʥʦʡ 

ʤʘʩʩʳ ʫ ʜʠʢʦʨʘʩʪʫʱʝʛʦ ʦʙʨʘʟʮʘ ʠʟ 

ʇʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʩʦʨʪʘ ʃʝʥʠʥʛʨʘʜʩʢʘʷ 

853. ʆʩʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʩʨʝʜʥʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ. 

 

 

 
ʈʠʩ. 3.  ʋʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʝʞʠ ʚʦ  2-

ʦʤ ʫʢʦʩʝ ʠʟ ʢʦʣʣʝʢʮʠʠ ɺʀʈ  (ɹʝʣʦʛʦʨʢʘ, 

ʃʝʥʠʥʛʨʘʜʩʢʘʷ ʦʙʣʘʩʪʴ, 2019 ʛʦʜ) 
 

ʉʘʤʳʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʦʙʣʠʩʪʚʝʥʥʦʩʪʠ ʫ ʜʠʢʦʨʘʩʪʫʱʠʭ ʦʙʨʘʟʮʦʚ ʠʟ 

ʂʘʨʝʣʠʠ (ʕʩ-1) ʠ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʢ-

44349). 

ɺʳʚʦʜʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʠʷ ʢʦʣʣʝʢʮʠʠ ʝʞʠ 

ʚʳʜʝʣʠʣʠ ʦʙʨʘʟʮʳ ʩ ʭʦʨʦʰʠʤʠ ʧʨʠʟʥʘʢʘʤʠ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʦ ʯʝʪʳʨʝʤ ʧʦʢʘʟʘʪʝʣʷʤ 

(ʧʦ ʚʳʩʦʪʝ ʥʘ 20-ʡ ʜʝʥʴ ʦʪ ʥʘʯʘʣʘ ʚʝʩʝʥʥʝʛʦ 

ʦʪʨʘʩʪʘʥʠʷ ʠ ʚʳʩʦʪʝ ʧʝʨʝʜ ʧʝʨʚʳʤ ʫʢʦʩʦʤ, 

ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ ʚ ʧʝʨʚʦʤ ʠ 

ʚʪʦʨʦʤ ʫʢʦʩʘʭ) ʚʳʜʝʣʠʣʩʷ ʩʦʨʪ ʊʨʠʘʜʘ, 

ʩʦʟʜʘʥʥʳʡ ʚ ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʅʀʀʉʍ. ɺ 2018 

ʛʦʜʫ ʵʪʦʪ ʩʦʨʪ ʪʘʢʞʝ ʧʨʝʚʟʦʰʝʣ ʜʨʫʛʠʝ ʩʦʨʪʘ 

ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʟʝʣʝʥʦʡ ʤʘʩʩʳ [8]. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʩʦʨʪʘ ʍʣʳʥʦʚʩʢʘʷ, ʃʝʥʠʥʛʨʘʜʩʢʘʷ 

853, ɺʀʂ 61, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠʩʴ 

ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʤʠ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ; 

ʫʨʦʞʘʡʥʦʩʪʴ ʫ ʨʘʥʥʝʩʧʝʣʦʛʦ ʩʦʨʪʘ ɼʚʠʥʘ 

ʦʢʘʟʘʣʘʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʚ ʠʟʫʯʝʥʥʦʡ 

ʛʨʫʧʧʝ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʜʠʢʦʨʘʩʪʫʱʠʡ ʦʙʨʘʟʝʮ ʠʟ ʂʘʨʝʣʠʠ (ʕʩ-1). 

ʋʢʦʩʥʘʷ ʩʧʝʣʦʩʪʴ ʵʪʦʛʦ ʦʙʨʘʟʮʘ ʥʘʩʪʫʧʘʝʪ 

ʧʦʟʞʝ ʥʘ ʜʚʝ ʥʝʜʝʣʠ, ʯʝʤ ʫ ʩʨʝʜʥʝʩʧʝʣʳʭ 

ʦʙʨʘʟʮʦʚ; ʫʨʦʞʘʡʥʦʩʪʴ ʟʝʣʝʥʦʡ ʤʘʩʩʳ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʫʨʦʚʥʝ ʩʝʣʝʢʮʠʦʥʥʳʭ ʩʦʨʪʦʚ, 

ʚʳʜʝʣʠʚʰʠʭʩʷ ʚ ʧʝʨʚʦʤ ʫʢʦʩʝ. 
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ʂʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʚʥʦʡ 

ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʜʦʩʪʫʧʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʷʚʣʷʝʪʩʷ ʠʭ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ 

ʤʝʣʠʦʨʠʨʫʝʤʳʭ ʟʝʤʣʷʭ ʖʛʘ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʜʦʩʪʫʧʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʄʘʪʝʨʠʘʣʳ ʠ 

ʤʝʪʦʜʳ: ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʪʝʤʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ 

ʚʣʠʷʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ: ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʡ ʧʦʩʘʜʢʠ. ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ 

ʦʨʦʰʝʥʠʷ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 20,0 ʠ 21,6 ʪ/ʛʘ (ʠʣʠ 93,4 ʠ 

97,7 %), ʯʪʦ ʚʳʰʝ ʥʘ 1,6 ʠ 2,8 ʪ/ʛʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ ʟʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʟʝʤʣʝʜʝʣʠʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ 

ʩʦʩʪʘʚʠʣʠ: ʜʠʩʧʝʨʩʠʷ ï 11,61; ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ï 3,41; ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ 10,85%; 

ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ ï 0,83 ʪ/ʛʘ; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ï 0,04%. ɺʳʚʦʜʳ: ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʣʝʚʦʛʦ ʦʧʳʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʦʥʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʦʜ ʢʘʨʪʦʬʝʣʴ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ 

ʧʦʢʘʟʘʣʘ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʢʘʢ ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ (45,2 ʪ/ʛʘ), ʪʘʢ ʠ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ 

ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ (44,5 ʠ 101,1 ʤ
3
/ʛʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʧʦʩʦʙʦʚ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʖʛʝ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ 

ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Sustainable water management is a hot issue for the Rostov Region, which faces an acute problem of 

irrigation water use under a shortage of available water resources. The study aimed to develop 

recommendations for the assessment of precision irrigation effectiveness on the meliorated lands in the 

South of Russia in a water resource-constrained environment. Materials and methods: during the research 

into this topic, the effect of precision irrigation under different availability of mineral fertilizers on the 

yielding capacity of potatoes planted in spring was studied in field experiments. Results and discussions: The 

impact of precision irrigation with varying mineral fertilizer availability on spring-planted potato 

productivity was studied. The yield gain from irrigation in precision fertilizer variants was 20.0 and 21.6 t/ha 

(or 93.4 and 97.7%), that is 1.6 and 2.8 t/ha higher than the values recommended by the regional farming 

systems, respectively. Statistical indicators of the produced yield were calculated: variance ï 11.61; standard 

deviation ï 3.41; coefficient of variation ï 10.85 %; absolute error ï 0.83 t/ha; relative error ï 0.04%. 

Conclusions: based on the field experiment results, it can be concluded that the technology of precision 

application of mineral fertilizers against the background of precision irrigation of spring-planted potatoes 

showed the greatest efficiency both in terms of the yield (45.2 t/ha) and the water balance coefficients (44.5 

and 101.1 m
3
/ha, respectively). The precision irrigation methods in the context of water scarcity, especially 

in the South of Russia, are promising and currently in-demand. However, they require further investigations. 

 

Keywords: precision irrigation, circular sprinkler, precision farming, technology, crop yield capacity. 
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ɺʚʝʜʝʥʠʝ  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʥʘʫʯʥʦʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʚʩʝ ʙʦʣʝʝ 

ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʠʝ ʪʝʨʤʠʥʳ, ʢʘʢ 

çʨʦʙʦʪʳè ʠ çʨʦʙʦʪʦʪʝʭʥʠʢʘè, ʧʦ ʩʫʪʠ ʦʥʠ 

ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʠ ʵʪʦʤ ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠ ʪʝʭʥʦʣʦʛʠʷʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʜʘʪʯʠʢʦʚ 

ʠ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, ʤʠʥʠʤʠ-
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʟʠʨʫʶʱʝʛʦ ʠʣʠ ʚʦʚʩʝ ʟʘʤʝʥʷʶʱʝʛʦ 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʯʝʣʦʚʝʢʘ (ʦʧʝʨʘʪʦʨʘ) ʠ 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʘʜʝʢʚʘʪʥʫʶ ʨʝʘʢʮʠʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʘ 

ʤʝʥʷʶʱʠʝʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ 

ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʝʤʦʛʦ ʟʘʜʘʥʠʷ (ʨʘʙʦʪʳ). ɺ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʪʦʯʥʦʤ ʟʝʤʣʝʜʝʣʠʠ, ʚʘʞʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʫʯʝʪ 

ʚʥʫʪʨʠʧʦʣʴʥʦʡ ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ (ʧʝʩʪʨʦʪʳ) 

ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʠ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ 

[1-4]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʨʝʜʝʣʝʥʠʡ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ɺʩʝ 

ʦʥʠ ʧʦ ʩʚʦʝʤʫ ʩʤʳʩʣʫ ʩʭʦʜʷʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ 

ʢʘʞʜʦʝ ʧʦʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦ ʧʦʯʚʝʥʥʦʤʫ ʧʦʢʨʦʚʫ, 

ʨʝʣʴʝʬʫ, ʩʦʜʝʨʞʘʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʟʘʧʘʩʦʚ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ ʠ ʪ.ʜ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʫʯʘʩʪʢʘ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʛʦ ʧʦʣʷ ʚʳʩʪʨʘʠʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʟʝʤʣʝʜʝʣʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʜʘʥʥʳʭ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʨʦʞʘʝʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʥʝʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʪʝʟʠʩʦʤ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʧʠʪʘʪʝʣʴʥʳʭ ʠ ʚʦʜʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ʥʘ ʢʘʞʜʦʤ 

ʤʠʢʨʦʩʝʛʤʝʥʪʝ ʧʦʣʷ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʠ ʟʘʧʘʩʳ ʚʣʘʛʠ ʚ 

ʧʦʯʚʝ, ʝʝ ʪʚʝʨʜʦʩʪʴ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ, ʚʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʡ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʠʭ ʨʘʟʜʝʣʝʥʠʝ ʧʦ 

ʧʣʦʱʘʜʠ ʧʦʣʷ [5]. 

ɸʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʨʝʘʣʠʟʫʶʪʩʷ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʧʦʣʷ, ʧʨʠ ʵʪʦʤ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʘʟʣʠʯʥʘʷ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʧʦʯʚʳ ʥʝ ʙʝʨʝʪʩʷ ʚʦ 

ʚʥʠʤʘʥʠʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʷʚʣʝʥʠʶ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʧʨʦʙʣʝʤ. ʆʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʵʪʦ - ʪʦʯʥʳʡ ʫʯʝʪ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ 

ʤʘʰʠʥʘʤʠ. ʂʦʥʪʨʦʣʠʨʫʝʤʦʝ ʜʚʠʞʝʥʠʝ 

ʪʝʭʥʠʢʠ (ʂɼʊ) ʧʦ ʧʦʣʶ. ɼʘʥʥʦʝ 

ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ ʷʚʣʷʝʪʩʷ ʧʝʨʝʚʦʜʦʤ 

ʚʳʨʘʞʝʥʠʷ ControlledTrafficFarming (CTF). 

ʂɼʊ ʷʚʣʷʝʪʩʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʩʥʠʞʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʯʚʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ (ʀʊ) [6-7]. 

ʊʝʭʥʦʣʦʛʠʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʥʝʩʝʥʠʝ, ʢʘʢ ʤʠʥʝʨʘʣʴʥʳʭ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʪʘʢ ʠ ʦʙʨʘʙʦʪʢʫ 

ʧʦʯʚʳ ʧʨʠ ʫʯʝʪʝ ʥʘʯʘʣʴʥʦʛʦ ʝʝ ʩʦʩʪʦʷʥʠʷ, 

ʯʝʛʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʪʘʥʜʘʨʪʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʠʪʴʩʷ ʥʝʚʦʟʤʦʞʥʦ [8].  

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ 

ʩʠʩʪʝʤʘʭ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʧʨʠʦʙʨʝʪʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʨʤʠʨʦʚʘʪʴ ʦʙʲʝʤ, ʧʦʣʠʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʪ. ʢ. ʜʝʬʠʮʠʪ 

ʧʦʣʠʚʥʦʡ ʚʣʘʛʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʷʤʦʝ 

ʩʥʠʞʝʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ ʝʝ ʠʟʙʳʪʦʢ ï ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʳ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ 

ʵʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʥʦ ʧʦʣʫʯʠʣʦ 

ʥʘʟʚʘʥʠʝ ʧʨʝʮʠʟʠʦʥʥʦʝ ʦʨʦʰʝʥʠʝ [9-11]. 

ɺ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʘʷ ʠʟ 

ʧʨʠʯʠʥ, ʢʦʪʦʨʘʷ ʩʜʝʨʞʠʚʘʝʪ ʪʝʤʧʳ 

ʚʥʝʜʨʝʥʠʷ ʚʳʩʦʢʦʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʚ ʪʦʤ ʯʠʩʣʝ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʥʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ. ʂʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʳʤʠ, ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʜʣʷ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʦʩʪʨʦ 

ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʠʚʥʦʡ 
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ʚʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʜʦʩʪʫʧʥʳʭ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  

ʀʥʪʝʨʝʩ ʢ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

ʦʨʦʰʝʥʠʷ ʪʦʣʴʢʦ ʨʘʩʪʝʪ, ʝʩʣʠ ʧʦ ʵʢʩʧʝʨʪʥʦʡ 

ʦʮʝʥʢʝ 2015 ʛ. ʦʥ ʦʮʝʥʠʚʘʣʩʷ ʚ 0,5 ʤʣʨʜ 

ʜʦʣʣʘʨʦʚ, ʪʦ ʧʦ ʧʨʦʛʥʦʟʘʤ ʚ 2021 ʛ. ʦʥ 

ʩʦʩʪʘʚʠʪ ʫʞʝ 1,5 ʤʣʨʜ ʜʦʣʣʘʨʦʚ. 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʠʤʝʝʪʩʷ  ʨʷʜ ʧʨʦʙʣʝʤ ʩ ʠʭ ʚʥʝʜʨʝʥʠʝʤ ʚ 

ʦʨʦʰʘʝʤʦʝ ʟʝʤʣʝʜʝʣʠʝ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ ï 

ʵʪʦ ʥʠʟʢʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʧʝʨʩʦʥʘʣʘ ʠ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ 

ʚʥʝʜʨʝʥʠʷ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʙʳʩʪʨʦ 

ʦʢʫʧʘʶʪʩʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʥʘ ʤʝʣʠʦʨʠʨʫʝʤʳʭ 

ʟʝʤʣʷʭ ʖʛʘ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ 

ʜʦʩʪʫʧʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʜʘʥʥʦʡ ʪʝʤʳ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʫʜʦʙʨʝʥʠʷʤʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ 

ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 

ʦʨʦʰʘʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʆʧʳʪʥʳʡ ʫʯʘʩʪʦʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧ. ʗʩʥʳʡ 

ɹʘʛʘʝʚʩʢʦʛʦ ʨʘʡʦʥʘ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

(ɹʠʨʶʯʝʢʫʪʩʢʘʷ ʆʉʆʉ ï ʬʠʣʠʘʣ ʌɻɹʅʋ 

ʌʅʎʆ). ʇʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʦʟʝʤʦʤ ʦʙʳʢʥʦʚʝʥʥʳʤ 

ʩʨʝʜʥʝʤʦʱʥʳʤ ʩʨʝʜʥʝʛʫʤʫʩʥʳʤ ʥʘ 

ʣʝʩʩʦʚʠʜʥʦʤ ʩʫʛʣʠʥʢʝ. ɺ ʧʦʯʚʝ ʦʪʤʝʯʘʝʪʩʷ 

ʩʠʣʴʥʦʝ ʚʩʢʠʧʘʥʠʝ ʢʘʨʙʦʥʘʪʦʚ ʩ ʛʣʫʙʠʥʳ 40ï

50 ʩʤ, ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʳ ʚ ʩʣʦʝ ʧʦʯʚʳ 0ï100 

ʩʤ ʙʦʣʝʝ 55 %. 

ɼʣʷ ʨʘʩʯʝʪʘ ʜʦʟ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʘʛʨʦʭʠʤʠʯʝʩʢʫʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1  

ɸʛʨʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ɹʠʨʶʯʝʢʫʪʩʢʘʷ ʆʉʆʉ ï  

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅʎʆ 

ʉʣʦʡ  

ʧʦʯʚʳ, ʤ 

 

ɻʫʤʫʩ, 

% 

 

ʉʦʜʝʨʞʘʥʠʝ, ʤʛ/ʢʛ ʧʦʯʚʳ ɽʤʢʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ, 

ʤʛ/ʵʢʚ ʥʘ 

ʢʛ ʧʦʯʚʳ 

 

N 

 

P 

 

ʂ 

0ï0,3 3,7 33 19 390 2,56ï2,88 

0,3ï0,6 2,4 21 23 270 2,11ï2,64 

 

ɸʥʘʣʠʟ ʧʦʯʚʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʳʷʚʠʣ, ʯʪʦ 

ʧʘʭʦʪʥʳʡ ʩʣʦʡ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ (0ï

30 ʩʤ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʪʨʘʪʦʚ (33 ʤʛ/ʢʛ ʧʦʯʚʳ), 

ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ 

(19 ʤʛ/ʢʛ ʧʦʯʚʳ) ʠ ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʤʝʥʥʦʛʦ ʢʘʣʠʷ (390 ʤʛ/ʢʛ 

ʧʦʯʚʳ). ʇʦʜʧʘʭʦʪʥʳʡ ʩʣʦʡ ʧʦʯʚʳ (30ï60 ʩʤ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʟʦʪʘ 18,4 ʤʛ/ʢʛ ʧʦʯʚʳ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʬʦʩʬʦʨʘ 23 ʤʛ/ʢʛ ʠ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʘʣʠʷ (254 ʤʛ/ʢʛ ʧʦʯʚʳ). ʈʝʘʢʮʠʷ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʳ ï ʨʅ 6,8ï7,0. ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ 

ʩʣʦʝ ʧʦʯʚʳ 0-30 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 3,7 %, 

ʤʦʱʥʦʩʪʴ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ ʜʦ 0,65 ʤ. 

ɺʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʊʘʙʣʠʮʘ 2  

ɺʦʜʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ɹʠʨʶʯʝʢʫʪʩʢʘʷ ʆʉʆʉ ï 

ʬʠʣʠʘʣ  ʌɻɹʅʋ ʌʅʎʆ 

ʉʣʦʡ 

ʧʦʯʚʳ, 

ʤ 

ʇʣʦʪʥʦʩʪʴ, 

ʛ/ʩʤ
3
 

 

ʋʜʝʣʴʥʘʷ 

ʤʘʩʩʘ, ʛ/ʩʤ
3
 

 

ʉʢʚʘʞʥʦʩʪʴ, 

% 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, % 

 

ʅɺ, ʚ % ʦʪ 

ʤʘʩʩʳ ʩʫʭʦʡ 

ʧʦʯʚʳ 

0ï0,1 1,22 2,55 52,2 10,7 30,3 

0,1ï0,2 1,23 2,54 51,6 10,5 29,4 

0,2ï0,3 1,27 2,53 49,8 10,8 28,9 

0,3ï0,4 1,36 2,51 45,8 10,8 28,2 

0,4ï0,5 1,37 2,55 45,9 10,9 27,9 

0,5ï0,6 1,38 2,58 45,3 10,8 27,2 

0,6ï0,7 1,39 2,56 45,7 10,2 24,9 

0,7ï0,8 1,43 2,54 43,7 10,5 24,5 

0,8ï0,9 1,44 2,56 43,7 10,5 24,1 

0,9ï1,0 1,46 2,57 43,2 10,4 23,9 

0ï0,6 1,31 2,54 48,4 10,8 27,7 

0ï1,0 1,36 2,55 46,7 10,6 26,4 

 

ɺ ʧʘʭʦʪʥʦʤ ʩʣʦʝ ʧʦʯʚʘ ʥʝ ʫʧʣʦʪʥʝʥʘ, 

ʧʣʦʪʥʦʩʪʴ ʩʣʦʞʝʥʠʷ ʚ ʩʣʦʝ 0,6 ʤ ʩʦʩʪʘʚʣʷʝʪ 

1,3 ʛ/ʩʤ
3
, ʚ ʩʣʦʝ 0,4 ʤ ï 1,27 ʛ/ʩʤ

3
, 

ʩʢʚʘʞʥʦʩʪʴ ï 51,3 %. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʚ ʩʣʦʝ 0,6 ʤ ʩʦʩʪʘʚʣʷʝʪ 

11,02 %, ʚ ʩʣʦʝ 0,4 ʤ ï 11,35 %. 

ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚʳ ï 

ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ: ʅɺ ʚ ʩʣʦʝ 0,6 ʤ ï 28,7 %, ʚ ʩʣʦʝ 

0,4 ʤ ï 29,2 % ʦʪʚʝʩʘ ʩʫʭʦʡ ʧʦʯʚʳ. ʋʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʦʧʳʪʥʦʤ ʫʯʘʩʪʢʝ ï ʥʠʞʝ 3 

ʤ. 

ʊʝʨʨʠʪʦʨʠʷ ɹʠʨʶʯʝʢʫʪʩʢʦʡ ʆʉʆʉ ï 

ʬʠʣʠʘʣ ʌɻɹʅʋ ʌʅʎʆ ʥʘʭʦʜʠʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʦʨʦʰʘʝʤʦʡ ʟʦʥʝ ʈʦʩʪʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ. ɼʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʞʘʨʢʠʤ ʠ ʟʘʩʫʰʣʠʚʳʤ ʢʣʠʤʘʪʦʤ. ɻʊʂ ʧʦ 

ʉʝʣʷʥʠʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,7, 

ʢʦʵʬʬʠʮʠʝʥʪ ʫʚʣʘʞʥʝʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʅ. H. 

ʀʚʘʥʦʚʫ ï 0,33ï0,44. 

ʉʫʤʤʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘ 

ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʩʦʩʪʘʚʣʷʝʪ 3200ï3400 

Áʉ. ʇʝʨʝʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ 10 Áʉ 

ʥʘʩʪʫʧʘʝʪ ʚ ʩʨʝʜʠʥʝ ʘʧʨʝʣʷ. ɿʘ ʛʦʜ ʚʳʧʘʜʘʝʪ 

ʜʦ 500 ʤʤ ʦʩʘʜʢʦʚ, ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ 

ʧʝʨʠʦʜ. ɺ ʪʝʯʝʥʠʝ ʛʦʜʘ ʦʩʘʜʢʠ ʚʳʧʘʜʘʶʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʠ ʥʦʩʷʪ ʣʠʚʥʝʚʳʡ ʭʘʨʘʢʪʝʨ. ɺ 

ʮʝʣʦʤ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʧʨʠʛʦʜʥʳ ʜʣʷ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɸʛʨʦʪʝʭʥʠʢʘ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ï 

ʦʙʱʝʧʨʠʥʷʪʘʷ ʜʣʷ ʶʛʘ ʈʦʩʩʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʦʨʦʰʝʥʠʷ. 

ʉʭʝʤʘ ʦʧʳʪʘ. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʫʜʦʙʨʝʥʠʷʤʠ 

ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʡ 

ʧʦʩʘʜʢʠ. 

ʆʧʳʪ ʜʚʫʭʬʘʢʪʦʨʥʳʡ. ʌʘʢʪʦʨ ɸ. 

ʊʝʭʥʦʣʦʛʠʠ ʦʨʦʰʝʥʠʷ: 1 ï ʙʝʟ ʦʨʦʰʝʥʠʷ; 2 ï 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʟʦʥʘʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʟʝʤʣʝʜʝʣʠʷ; 3 ï ʧʨʝʮʠʟʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

ʌʘʢʪʦʨ ɹ. ʄʠʥʝʨʘʣʴʥʦʝ ʧʠʪʘʥʠʝ: 1 ï ʙʝʟ 

ʫʜʦʙʨʝʥʠʡ; 2 ï ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʟʦʥʘʣʴʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʟʝʤʣʝʜʝʣʠʷ; 3 ï 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ. 

ɼʣʷ ʫʩʣʦʚʠʡ ʘʨʠʜʥʳʭ ʟʦʥ ʥʘ ʦʨʦʰʘʝʤʳʭ 

ʟʝʤʣʷʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʩʪʝʤʝ 

ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʝ 
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ʜʦʞʜʝʚʘʣʴʥʳʝ ʤʘʰʠʥʳ ʢʨʫʛʦʚʦʛʦ ʠ 

ʬʨʦʥʪʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʬʫʥʢʮʠʷʤʠ 

ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ; 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʭ ʜʦʞʜʝʚʘʣʴʥʳʭ 

ʤʘʰʠʥ ʢʨʫʛʦʚʦʛʦ ʠ ʬʨʦʥʪʘʣʴʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ 

ʬʫʥʢʮʠʷʤʠ ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʠʙʦʨʥʳʤ ʠ ʘʧʧʘʨʘʪʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚʧʝʨʚʳʝ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʦʣʷ ʜʦ 40 

ʛʘ, ʘ ʪʘʢʞʝ ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʚʦʞʜʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʥʘʚʠʛʘʮʠʠ; 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ 

ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʘʷ ʠ 

ʵʬʬʝʢʪʠʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʥʫʪʨʝʥʥʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʦʞʜʝʚʘʣʴʥʳʭ ʤʘʰʠʥ ʚ ʩʠʩʪʝʤʝ ʪʦʯʥʦʛʦ 

ʟʝʤʣʝʜʝʣʠʷ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʨʝʞʠʤ on-line, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʨʘʙʦʪʫ ʜʦʞʜʝʚʘʣʴʥʦʡ 

ʤʘʰʠʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʫʧʘʶʱʝʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʧʦʯʚʳ ʠ 

ʧʦʪʨʝʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʥʘ ʦʙʩʣʫʞʠʚʘʝʤʦʤ 

ʫʯʘʩʪʢʝ ʧʦ ʤʝʪʦʜʫ ʢʦʦʨʜʠʥʘʪʥʦʡ 

ʘʛʨʦʪʝʭʥʠʢʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʥʝʩʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʥʘ ʧʣʘʥʠʨʫʝʤʫʶ ʫʨʦʞʘʡʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ. ʅʘ 

ʧʨʠʤʝʨʝ ʢʘʨʪʦʬʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʩʪʨʫʢʮʠʷ 

ʧʦ ʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʦʡ ʕɺʄ çʈʘʩʯʝʪ ʜʦʟ 

ʚʥʝʩʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡè  

ˉ 2018663750, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʜʦʟʳ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʜʣʷ ʚʳʙʨʘʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʚʝʜʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʩʠʩʪʝʤʦʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʟʝʤʣʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʨʝʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʝʭʥʦʣʦʛʠʠ 

ʚʦʟʜʝʣʳʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ 

ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʜʦʞʜʝʚʘʣʴʥʦʡ ʠ ʜʨʫʛʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ [12].  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʟʜʝʣʳʚʘʥʠʷ (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɿʉɿ ʠ 

ʧʨʝʮʠʟʠʦʥʥʦʡ) ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ 

ʧʦʩʘʜʢʠ ʥʘ ʝʛʦ ʫʨʦʞʘʡʥʦʩʪʴ, ʩʫʤʤʘʨʥʦʝ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ, ʦʨʦʩʠʪʝʣʴʥʫʶ ʥʦʨʤʫ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ 

ʥʘʙʣʶʜʝʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3 ʠ 4.  

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʫʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ 

ʧʦʩʘʜʢʠ ʠʟʤʝʥʷʣʘʩʴ: ʦʪ 12,2 ʜʦ 22,1 ʪ/ʛʘ ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʙʝʟ ʦʨʦʰʝʥʠʷ; ʦʪ 25,2 ʜʦ 43,7 ʪ/ʛʘ 

ʥʘ ʚʘʨʠʘʥʪʘʭ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɿʉɿ; ʦʪ 28,1 

ʜʦ 45,2 ʪ/ʛʘ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʦʨʦʰʝʥʠʝʤ. ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ 

ʫʜʦʙʨʝʥʠʡ ʥʘ ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ 

ʚʥʝʩʝʥʠʝʤ ʩʦʩʪʘʚʠʣʘ 9,9; 18,5; 17,1 ʪ/ʛʘ (ʠʣʠ 

81,1; 73,4 ʠ 60,9 %), ʯʪʦ ʚʳʰʝ ʥʘ 0,7; 2,3 ʠ 

3,5 ʪ/ʛʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ ɿʉɿ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʊʘʙʣʠʮʘ 3  

ʋʨʦʞʘʡʥʦʩʪʴ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ 

ʦʨʦʰʝʥʠʷ ʠ ʜʦʟ ʫʜʦʙʨʝʥʠʷ 

ɺʘʨʠʘʥʪ 

 

ʋʨʦʞʘʡʥʦʩʪʴ, 

ʪ/ʛʘ 

 

ʇʨʠʙʘʚʢʘ 

ʦʪ ʦʨʦʰʝʥʠʷ ʦʪ ʫʜʦʙʨʝʥʠʡ 

ʪ/ʛʘ % ʪ/ʛʘ % 

ɹʝʟ ʦʨʦʰʝʥʠʷ 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 12,2 ï ï ï ï 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɿʉɿ) 
21,4 ï ï 9,2 75,4 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
22,1 ï ï 9,9 81,1 

80 % ʅɺ ʚ ʩʣʦʝ 0,6 ʤ (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ɿʉɿ)  

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 25,2 13,0 106,6 ï ï 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɿʉɿ) (ʢ) 
41,4 20,0 93,4 16,2 64,3 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
43,7 21,6 97,7 18,5 73,4 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʦʨʦʰʝʥʠʝ 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 28,1 15,9 130,3 ï ï 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɿʉɿ) 
41,7 20,3 94,9 13,6 48,4 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
45,2 23,1 104,5 17,1 60,9 

 

 

ʊʘʙʣʠʮʘ 4  

ɺʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʡ ʧʦʩʘʜʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʞʠʤʘ ʦʨʦʰʝʥʠʷ ʠ ʜʦʟ ʫʜʦʙʨʝʥʠʡ 

ɺʘʨʠʘʥʪ ʦʧʳʪʘ 

ʉʫʤʤʘʨʥʦʝ 

ʚʦʜʦʧʦʪʨʝʙʣʝ-

ʥʠʝ, ʤʤ 

ɺ ʪʦʤ ʯʠʩʣʝ 

ʦʨʦʩʠʪʝʣʴʥʘʷ 

ʥʦʨʤʘ, ʤ
3
/ʛʘ 

ʂʦʵʬʬʠʮʠʝ

ʥʪ ʜʝʬʠʮʠʪʘ 

ʚʦʜʥʦʛʦ 

ʙʘʣʘʥʩʘ, 

ʤ
3
/ʪ 

ʂʦʵʬʬʠʮʠʝ

ʥʪ 

ʚʦʜʦʧʦʪʨʝʙ

ʣʝʥʠʷ, ʤ
3
/ʪ 

ɹʝʟ ʦʨʦʰʝʥʠʷ 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 296,6 ï ï 243,1 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɿʉɿ) 
334,3 ï ï 156,2 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
320,7 ï ï 145,1 

80 % ʅɺ ʚ ʩʣʦʝ 0,6 ʤ (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ɿʉɿ)  

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 436,5 2100 83,3 173,2 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ  ɿʉɿ) (ʢ) 
462,4 2100 50,7 111,7 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
456,2 2100 48,1 104,4 

ʇʨʝʮʠʟʠʦʥʥʦʝ ʦʨʦʰʝʥʠʝ 

ɹʝʟ ʫʜʦʙʨʝʥʠʡ 444,5 2012 71,6 158,2 

N160ʈ180ʂ160  

(ʨʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ɿʉɿ) 
459,5 2012 48,2 110,2 

N160P175K150  

(ʧʨʝʮʠʟʠʦʥʥʦʝ ʚʥʝʩʝʥʠʝ) 
452,5 2012 44,5 100,1 
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ʇʨʠʙʘʚʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʦʪ ʦʨʦʰʝʥʠʷ ʥʘ 

ʚʘʨʠʘʥʪʘʭ ʩ ʧʨʝʮʠʟʠʦʥʥʳʤ ʚʥʝʩʝʥʠʝʤ 

ʫʜʦʙʨʝʥʠʡ ʩʦʩʪʘʚʠʣʘ 20,0 ʠ 21,6 ʪ/ʛʘ (ʠʣʠ 

93,4 ʠ 97,7 %), ʯʪʦ ʚʳʰʝ ʥʘ 1,6 ʠ 2,8 ʪ/ʛʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤ ɿʉɿ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʩʩʯʠʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʫʯʝʥʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʠʣʠ: ʜʠʩʧʝʨʩʠʷ (ů) ï 

11,61; ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (S) ï 3,41; 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ (V, %) 10,85; 

ʘʙʩʦʣʶʪʥʘʷ ʦʰʠʙʢʘ (Sx, ʪ/ʛʘ) ï 

0,83;ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ (Sx, %) ï 0,04. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʜʠʥʘʤʠʢʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ ʦʪ 

ʚʥʝʩʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʤʠʥʝʨʘʣʴʥʳʭ 

ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ 

ɿʉɿ ʠ ʧʨʝʮʠʟʠʦʥʥʦʤ ʦʨʦʰʝʥʠʠ (ʨʠʩ. 1), 

ʦʧʠʩʳʚʘʶʱʠʝʩʷ ʫʨʘʚʥʝʥʠʷʤʠ 

ʧʦʣʠʥʦʤʠʥʘʣʴʥʦʛʦ ʚʠʜʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ: 

 

 
 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʫʨʦʞʘʡʥʦʩʪʠ ʢʘʨʪʦʬʝʣʷ 

ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʚ  

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʤʤʘʨʥʦʡ ʜʦʟʳ ʫʜʦʙʨʝʥʠʡ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɿʉɿ  

ʠ ʧʨʠ ʧʨʝʮʠʟʠʦʥʥʦʤ ʦʨʦʰʝʥʠʠ 
 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʢʘʨʪʦʬʝʣʷ ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ 

ʧʦʩʘʜʢʠ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 2996 ʜʦ 3343 ʤ
3
/ʛʘ 

ʙʝʟ ʦʨʦʰʝʥʠʷ, ʦʪ 4365 ʜʦ 4562 ʤ
3
/ʛʘ ʧʨʠ 

ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ɿʉɿ ʠ ʦʪ 4445 

ʜʦ 4525 ʤ
3
/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ. ʆʨʦʩʠʪʝʣʴʥʘʷ ʥʦʨʤʘ ʩʦʩʪʘʚʠʣʘ 2100 ʠ 

2012 ʤ
3
/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʪʝʭʥʦʣʦʛʠʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ɿʉɿ ʠ ʧʨʠ ʧʨʝʮʠʟʠʦʥʥʦʤ 

ʦʨʦʰʝʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʫʜʝʣʴʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʦʨʦʩʠʪʝʣʴʥʦʡ ʚʦʜʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʥʳ 

ʧʨʦʜʫʢʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʧʨʠʥʷʣʠ ʟʥʘʯʝʥʠʷ: ʦʪ 145,1 

ʜʦ 243,1 ʤ
3
/ʪ; ʦʪ 48,1 ʜʦ 83,3 ʤ

3
/ʪ ʠ ʦʪ 104,4 

ʜʦ 173,2 ʤ
3
/ʪ; ʦʪ 44,5 ʜʦ 71,6 ʤ

3
/ʪ ʠ ʦʪ 100,1 

ʜʦ 158,2 ʤ
3
/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʙʝʟ ʦʨʦʰʝʥʠʷ, 

ʧʨʠ ʪʝʭʥʦʣʦʛʠʠ ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ ɿʉɿ ʠ 

ʧʨʝʮʠʟʠʦʥʥʳʤ ʦʨʦʰʝʥʠʝʤ ʧʦ ʚʘʨʠʘʥʪʘʤ 

ʦʧʳʪʘ [13-14].  

ɺʳʚʦʜʳ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦʣʝʚʦʛʦ 

ʦʧʳʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʚʥʝʩʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʦʥʝ 

ʧʨʝʮʠʟʠʦʥʥʦʛʦ ʦʨʦʰʝʥʠʷ ʧʦʜ ʢʘʨʪʦʬʝʣʴ 

ʚʝʩʝʥʥʝʛʦ ʩʨʦʢʘ ʧʦʩʘʜʢʠ ʧʦʢʘʟʘʣʘ 

ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʢ ʧʦ 

ʫʨʦʞʘʡʥʦʩʪʠ (45,2 ʪ/ʛʘ), ʪʘʢ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘ (44,5 ʠ 

101,1 ʤ
3
/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʩʫʤʤʘʨʥʦʡ ʜʦʟʦʡ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ 

ʫʨʦʞʘʡʥʦʩʪʴʶ ʢʘʨʪʦʬʝʣʷ R
2
=0, 88. 

ʇʦʣʫʯʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 20% ʛʦʚʦʨʠʪ ʦ 

ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʨʘʩʩʝʠʚʘʥʠʷ ʜʘʥʥʳʭ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙʦʚ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

(ʦʨʦʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʖʛʝ ʈʦʩʩʠʠ, ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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Plant root secretions are one of the main forms of allelochemicals, the exudation of which is 

characteristic of most plant species on our planet. Potentially, they are active in biological weed-killing that 

is relevant from the point of view of developing and introducing new environmentally friendly methods in 

agricultural production. The article presents a device for collecting and concentrating the root secretions of 

allelopathically active plants. For these purposes, one of the most convenient is Amberlite XAD4 absorbent. 

The article describes its chemical structure; technical parameters and the operation principle of the device are 

considered. 

 

Key words: allelopathy, root exudates, allelochemicals, bioherbicide activity. 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʢʦʨʥʝʚʳʝ ʚʳʜʝʣʝʥʠʷ 

ʨʘʩʪʝʥʠʡ ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʦʨʤ 

ʘʣʣʝʣʦʭʠʤʠʢʘʣʠʡ, ʚʳʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʴʰʠʥʩʪʚʫ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ ʥʘ 

ʥʘʰʝʡ ʧʣʘʥʝʪʝ.  ʀʤ ʩʚʦʡʩʪʚʝʥʥʘ 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʙʠʦʛʝʨʙʠʮʠʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, 

ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʵʢʦʣʦʛʠʯʥʳʭ 

ʧʨʠʸʤʦʚ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 

 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʗʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʠ 

ʘʧʨʦʙʘʮʠʷ ʧʨʠʙʦʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʨʘʩʪʝʥʠʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʙʦʨʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʩʙʦʨʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʢʨʘʡʥʝ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʢʫʣʴʪʫʨʥʳʤʠ ʠ ʩʦʨʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ, 

ʷʚʣʝʥʠʷ ʘʫʪʦʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʚʳʨʘʱʠʚʘʥʠʠ ʤʥʦʛʦʣʝʪʥʠʭ ʨʘʩʪʝʥʠʡ ʥʘ 

ʦʜʥʦʤ ʤʝʩʪʝ (ʪʘʢʠʭ ʢʘʢ ʢʣʝʚʝʨ, ʢʦʟʣʷʪʥʠʢ 

ʚʦʩʪʦʯʥʳʡ, ʤʠʩʢʘʥʪʫʩ ʠ ʪ.ʜ.), ʤʝʭʘʥʠʟʤʘ 

ʘʣʣʝʣʦʧʘʪʠʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʯʫʞʝʨʦʜʥʳʭ 

(ʟʘʥʝʩʸʥʥʳʭ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʚʠʜʦʚ ʠ 

ʵʨʛʘʟʠʦʬʠʪʦʚ (ʙʝʛʣʝʮʦʚ ʠʟ ʢʫʣʴʪʫʨʳ, 

ʥʘʧʨʠʤʝʨ, ʙʦʨʱʝʚʠʢʘ ʉʦʩʥʦʚʩʢʦʛʦ) ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ.   

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥ 

ʥʘ ʘʜʩʦʨʙʠʨʦʚʘʥʠʠ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʧʨʠ 

ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʧʦʛʣʦʱʘʶʱʠʭ ʚʝʱʝʩʪʚ ï 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ, ʩʦʨʙʝʥʪʦʚ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʠʦʥʦʙʤʝʥʥʳʭ ʩʤʦʣ. 

ʈʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʘ ʥʘ ʷʚʣʝʥʠʠ 

ʘʙʩʦʨʙʮʠʠ (ʣʘʪ. absorptio ʦʪ absorbere ð 

ʧʦʛʣʦʱʘʪʴ) ð ʧʦʛʣʦʱʝʥʠʠ ʩʦʨʙʘʪʘ ʚʩʝʤ 

ʦʙʲʸʤʦʤ ʩʦʨʙʝʥʪʘ.  

ʂʦʨʥʝʚʳʝ ʵʢʩʩʫʜʘʪʳ ʨʘʩʪʝʥʠʡ ï 

ʚʝʱʝʩʪʚʘ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ 

ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʧʦʵʪʦʤʫ, ʜʣʷ ʠʭ ʩʙʦʨʘ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʝ 

ʘʙʩʦʨʙʝʥʪʳ [3]. 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʚʳʧʫʩʢʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʘʙʩʦʨʙʝʥʪʦʚ. ɼʣʷ ʩʙʦʨʘ 

ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʫʜʦʙʥʳʭ ʷʚʣʷʝʪʩʷ ʘʙʩʦʨʙʝʥʪ ɸʤʙʝʨʣʠʪ 

XAD4. 

ɸʤʙʝʨʣʠʪ XAD4 ï ʵʪʦ ʧʦʣʠʤʝʨʥʳʡ 

ʘʜʩʦʨʙʝʥʪ, ʧʦʩʪʘʚʣʷʝʤʳʡ ʚ ʚʠʜʝ ʙʝʣʳʭ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʰʘʨʠʢʦʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ 

ʩʝʙʷ ʥʝ-ʠʦʥʥʳʡ ʧʝʨʝʢʨʸʩʪʥʦ-ʩʚʷʟʘʥʥʳʡ 

ʧʦʣʠʤʝʨ, ʘʙʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʦʙʫʩʣʦʚʣʝʥʳ ʤʘʢʨʦʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʢʦʪʦʨʘʷ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʪ ʠ 

ʫʜʣʠʥʸʥʥʫʶ ʧʦʣʠʤʝʨʥʫʶ ʬʘʟʫ ʠ 

ʫʜʣʠʥʸʥʥʫʶ ʧʦʨʦʚʫʶ ʬʘʟʫ). ɼʣʷ ʥʝʛʦ 

ʩʚʦʡʩʪʚʝʥʥʘ ʚʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 2) [4]. 

ʇʦʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʠʜʘʸʪ 

ʧʦʣʠʤʝʨʥʦʤʫ ʘʜʩʦʨʙʝʥʪʫ ɸʤʙʝʨʣʠʪ XAD4 

ʥʝʦʙʭʦʜʠʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʪʝʨʤʠʯʝʩʢʫʶ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. ʇʦʣʠʤʝʨʥʳʡ ʘʜʩʦʨʙʝʥʪ 

ɸʤʙʝʨʣʠʪ XAD4 ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʟʘʤʢʥʫʪʳʭ ʮʠʢʣʘʭ, ʚ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʢʦʣʦʥʢʘʭ ʠ ʧʘʢʝʪʥʳʭ ʨʝʞʠʤʘʭ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʧʨʠʙʦʨʝ. 
 

 
ʈʠʩ. 2.  ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʠʤʝʨʥʦʛʦ 

ʘʜʩʦʨʙʝʥʪʘ ɸʤʙʝʨʣʠʪ XAD4 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ 

ʧʦʨ ʜʝʣʘʶʪ ɸʤʙʝʨʣʠʪ XAD4 ʧʦʜʭʦʜʷʱʠʤ 

ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, 

ʢʦʪʦʨʘʷ ʩʚʦʡʩʪʚʝʥʥʘ ʠ ʢʦʨʥʝʚʳʤ 

ʚʳʜʝʣʝʥʠʷʤ ʨʘʩʪʝʥʠʡ (ʨʠʩ 3). 
 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨ ʚ ʧʦʣʠʤʝʨʥʦʤ 

ʘʜʩʦʨʙʝʥʪʝ ɸʤʙʝʨʣʠʪ XAD4 

 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʜʘʥʥʳʡ 

ʘʙʩʦʨʙʝʥʪ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʨʦʛʠʤ. 

ɼʣʷ ʫʜʝʰʝʚʣʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʩʙʦʨʘ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʘʙʩʦʨʙʝʥʪʘ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʫʛʦʣʴ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ï ʵʪʦ ʚʝʱʝʩʪʚʦ ʩ 

ʚʳʩʦʢʦ ʨʘʟʚʠʪʦʡ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʶʪ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 

ʜʨʝʚʝʩʥʳʡ ʫʛʦʣʴ, ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʢʦʢʩ, 

ʥʝʬʪʷʥʦʡ ʢʦʢʩ, ʩʢʦʨʣʫʧʘ ʢʦʢʦʩʘ, ʛʨʝʮʢʦʛʦ 

ʦʨʝʭʘ, ʢʦʩʪʦʯʢʠ ʘʙʨʠʢʦʩʘ, ʤʘʩʣʠʥʳ ʠ ʜʨʫʛʠʭ 

ʧʣʦʜʦʚʳʭ ʢʫʣʴʪʫʨ [5].  

ʅʘʠʣʫʯʰʠʤ ʧʦ ʢʘʯʝʩʪʚʫ ʦʯʠʩʪʢʠ ʠ ʩʨʦʢʫ 

ʩʣʫʞʙʳ ʩʯʠʪʘʝʪʩʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ 

(ʢʘʨʙʦʣʝʥ), ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʢʦʨʣʫʧʳ 

ʢʦʢʦʩʘ, ʘ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʝʛʦ 

ʤʦʞʥʦ ʤʥʦʛʦʢʨʘʪʥʦ ʨʝʛʝʥʝʨʠʨʦʚʘʪʴ, ʯʪʦ 

ʚʘʞʥʦ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʡ ʨʘʙʦʪʝ ʥʘʰʝʛʦ 

ʧʨʠʙʦʨʘ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʭʠʤʠʠ ï ʵʪʦ ʦʜʥʘ ʠʟ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʩ 

ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʦʜʝʨʞʘʱʘʷ ʧʨʠʤʝʩʝʡ. ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ 

ʫʛʦʣʴ ʥʘ 87-97 % ʧʦ ʤʘʩʩʝ ʩʦʩʪʦʠʪ ʠʟ 

ʫʛʣʝʨʦʜʘ, ʪʘʢʞʝ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʚʦʜʦʨʦʜ, 

ʢʠʩʣʦʨʦʜ, ʘʟʦʪ, ʩʝʨʫ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ. 

ʅʘʣʠʯʠʝ ʭʠʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 

ʩʪʨʫʢʪʫʨʝ ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ, ʦʙʨʘʟʫʶʱʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ 

ʦʩʥʦʚʥʦʛʦ ʠʣʠ ʢʠʩʣʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ.  

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ ʠ ʧʦʵʪʦʤʫ ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ 

ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʘʙʩʦʨʙʮʠʝʡ (1 ʛ ʘʢʪʠʚʥʦʛʦ 

ʫʛʣʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʤʝʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʦʪ 500 ʜʦ 

1500 ʤ
2
).  

ɺ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʷʭ ʨʘʟʣʠʯʘʶʪ 

ʤʘʢʨʦ-, ʤʝʟʦ- ʠ ʤʠʢʨʦ- ʧʦʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʨʘʟʤʝʨʦʚ ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 

ʫʜʝʨʞʘʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʛʣʷ, ʜʦʣʞʝʥ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʫʛʦʣʴ ʩ ʨʘʟʥʳʤʠ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʨʘʟʤʝʨʦʚ ʧʦʨ. ʇʦʨʳ ʚ 

ʘʢʪʠʚʥʦʤ ʫʛʣʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʧʦ ʠʭ 

ʣʠʥʝʡʥʳʤ ʨʘʟʤʝʨʘʤ - ʍ (ʧʦʣʫʰʠʨʠʥʘ - ʜʣʷ 

ʱʝʣʝʚʠʜʥʦʡ ʤʦʜʝʣʠ ʧʦʨ, ʨʘʜʠʫʩ - ʜʣʷ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠʣʠ ʩʬʝʨʠʯʝʩʢʦʡ): 

ʍ <= 0,6-0,7 ʥʤ - ʤʠʢʨʦʧʦʨʳ; 

0,6-0,7 < ʍ < 1,5-1,6 ʥʤ - ʩʫʧʝʨ-ʤʠʢʨʦʧʦʨʳ; 

1,5-1,6 < ʍ < 100-200 ʥʤ - ʤʝʟʦʧʦʨʳ; 

ʍ > 100-200 ʥʤ - ʤʘʢʨʦʧʦʨʳ. 

ɼʣʷ ʘʜʩʦʨʙʮʠʠ ʚ ʤʠʢʨʦʧʦʨʘʭ (ʫʜʝʣʴʥʳʡ 

ʦʙʲʝʤ 0,2-0,6 ʩʤ
3
/ʛ ʠ 800-1000 ʤ

2
/ʛ), 

ʩʦʠʟʤʝʨʠʤʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʩ 

ʘʜʩʦʨʙʠʨʫʝʤʳʤʠ ʤʦʣʝʢʫʣʘʤʠ, ʭʘʨʘʢʪʝʨʝʥ 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʭʘʥʠʟʤ ʦʙʲʝʤʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʘʜʩʦʨʙʮʠʷ ʪʘʢʞʝ ʚ ʩʫʧʝʨʤʠʢʨʦʧʦʨʘʭ 

(ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ 0,15-0,2 ʩʤ
3
/ʛ) - 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʤʠʢʨʦʧʦʨʘʤʠ ʠ ʤʝʟʦʧʦʨʘʤʠ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʩʚʦʡʩʪʚʘ ʤʠʢʨʦʧʦʨ ʧʦʩʪʝʧʝʥʥʦ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʚʳʨʦʞʜʘʶʪʩʷ, ʩʚʦʡʩʪʚʘ ʤʝʟʦʧʦʨ 

ʧʨʦʷʚʣʷʶʪʩʷ. ʄʝʭʘʥʠʟʤ ʘʜʩʦʨʙʮʠʠ ʚ 

ʤʝʟʦʧʦʨʘʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʦʙʨʘʟʦʚʘʥʠʠ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʩʣʦʝʚ 

(ʧʦʣʠʤʦʣʝʢʫʣʷʨʥʘʷ ʘʜʩʦʨʙʮʠʷ), ʢʦʪʦʨʦʝ 

ʟʘʚʝʨʰʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝʤ ʧʦʨ ʧʦ ʤʝʭʘʥʠʟʤʫ 

ʢʘʧʠʣʣʷʨʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ. ʋ ʦʙʳʯʥʳʭ 

ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʤʝʟʦʧʦʨ 

ʩʦʩʪʘʚʣʷʝʪ 0,02-0,10 ʩʤ
3
/ʛ, ʫʜʝʣʴʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ 20-70 ʤ
2
/ʛ; ʦʜʥʘʢʦ ʫ ʥʝʢʦʪʦʨʳʭ 

ʘʢʪʠʚʥʳʭ ʫʛʣʝʡ (ʥʘʧʨʠʤʝʨ, ʦʩʚʝʪʣʷʶʱʠʭ) 

ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,7 ʩʤ
3
/ʛ ʠ 200-450 ʤ

2
/ʛ. 

ʄʘʢʨʦʧʦʨʳ (ʫʜʝʣʴʥʳʡ ʦʙʲʝʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 0,2-0,8 ʩʤ
3
/ʛ ʠ 0,5-2,0 ʤ

2
/ʛ) 

ʩʣʫʞʘʪ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʢʘʥʘʣʘʤʠ, 

ʧʦʜʚʦʜʷʱʠʤʠ ʤʦʣʝʢʫʣʳ ʧʦʛʣʦʱʘʝʤʳʭ 

ʚʝʱʝʩʪʚ ʢ ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʛʨʘʥʫʣ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ʄʠʢʨʦ- ʠ 

ʤʝʟʦʧʦʨʳ ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʥʥʦ ʦʥʠ ʚʥʦʩʷʪ 

ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʠʭ ʘʜʩʦʨʙʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʄʠʢʨʦʧʦʨʳ ʦʩʦʙʝʥʥʦ ʭʦʨʦʰʦ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʜʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ 

ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ, ʘ ʤʝʟʦʧʦʨʳ - ʜʣʷ 

ʘʜʩʦʨʙʮʠʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʤʦʣʝʢʫʣ. ʆʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʧʦʨ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ 

ʦʢʘʟʳʚʘʶʪ ʠʩʭʦʜʥʦʝ ʩʳʨʴʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʭ 

ʧʦʣʫʯʘʶʪ. ɸʢʪʠʚʥʳʝ ʫʛʣʠ ʥʘ ʦʩʥʦʚʝ 

ʩʢʦʨʣʫʧʳ ʢʦʢʦʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ 

ʜʦʣʝʡ ʤʠʢʨʦʧʦʨ, ʘ ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʥʘ 

ʦʩʥʦʚʝ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ - ʙʦʣʴʰʝʡ ʜʦʣʝʡ 

ʤʝʟʦʧʦʨ. ɹʦʣʴʰʘʷ ʜʦʣʷ ʤʘʢʨʦʧʦʨ ʭʘʨʘʢʪʝʨʥʘ 

ʜʣʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ ʥʘ ʦʩʥʦʚʝ 

ʜʨʝʚʝʩʠʥʳ. ɺ ʘʢʪʠʚʥʦʤ ʫʛʣʝ ʢʘʢ ʧʨʘʚʠʣʦ 

ʩʫʱʝʩʪʚʫʶʪ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨ, ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʢʨʠʚʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ 

ʦʙʲʝʤʘ ʧʦ ʨʘʟʤʝʨʘʤ ʠʤʝʝʪ 2-3 ʤʘʢʩʠʤʫʤʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 

ʩʫʧʝʨʤʠʢʨʦʧʦʨ ʨʘʟʣʠʯʘʶʪ ʘʢʪʠʚʥʳʝ ʫʛʣʠ ʩ 

ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (ʵʪʠ ʧʦʨʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ) ʠ ʰʠʨʦʢʠʤ 

(ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʚʠʪʳ). 

ɺ ʧʦʨʘʭ ʘʢʪʠʚʥʦʛʦ ʫʛʣʷ ʩʫʱʝʩʪʚʫʝʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʧʨʠʪʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʘʜʩʦʨʙʮʠʦʥʥʳʭ 

ʩʠʣ (ɺʘʥ-ʜʝʨ-ɺʘʣʴʩʦʚʳʝ ʩʠʣʳ), ʢʦʪʦʨʳʝ ʧʦ 

ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩʨʦʜʥʠ ʩʠʣʝ ʛʨʘʚʠʪʘʮʠʠ ʩ ʪʦʡ 

ʣʠʰʴ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʜʝʡʩʪʚʫʶʪ ʦʥʠ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʦʤ, ʘ ʥʝ ʥʘ ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʤ 

ʫʨʦʚʥʝ. ʕʪʠ ʩʠʣʳ ʚʳʟʳʚʘʶʪ ʨʝʘʢʮʠʶ, 

ʧʦʜʦʙʥʫʶ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʘʜʩʦʨʙʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʫʜʘʣʝʥʳ ʠʟ ʚʦʜʥʳʭ ʠʣʠ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʄʦʣʝʢʫʣʳ ʫʜʘʣʷʝʤʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ 

ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʝ ʫʛʣʠ ʫʜʘʣʷʶʪ ʟʘʛʨʷʟʥʠʪʝʣʠ 

ʠʟ ʦʯʠʱʘʝʤʳʭ ʚʝʱʝʩʪʚ (ʚ ʦʪʣʠʯʠʝ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ, ʢʦʛʜʘ 

ʤʦʣʝʢʫʣʳ ʮʚʝʪʥʳʭ ʧʨʠʤʝʩʝʡ ʥʝ ʫʜʘʣʷʶʪʩʷ, ʘ 

ʭʠʤʠʯʝʩʢʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʙʝʩʮʚʝʪʥʳʝ 

ʤʦʣʝʢʫʣʳ). ʍʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʪʘʢʞʝ 

ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʤʝʞʜʫ ʘʜʩʦʨʙʠʨʫʝʤʳʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ʕʪʠ ʧʨʦʮʝʩʩʳ 

ʥʘʟʳʚʘʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ ʠʣʠ 

ʭʝʤʦʩʦʨʙʮʠʝʡ, ʦʜʥʘʢʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʮʝʩʩ 

ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠ 

ʘʜʩʦʨʙʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʍʝʤʦʩʦʨʙʮʠʷ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚ, ʜʝʛʘʟʘʮʠʠ, ʨʘʟʜʝʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

ʌʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʦʙʨʘʪʠʤʘ, ʪʦ ʝʩʪʴ 

ʘʜʩʦʨʙʠʨʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ 

ʦʪʜʝʣʝʥʳ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚʦʟʚʨʘʱʝʥʳ ʚ ʠʭ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʭʝʤʦʩʦʨʙʮʠʠ, 

ʘʜʩʦʨʙʠʨʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʩʨʝʜʩʪʚʦʤ ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʠʟʤʝʥʷʷ ʝʛʦ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʍʝʤʦʩʦʨʙʮʠʷ ʥʝ ʦʙʨʘʪʠʤʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʚ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʫʛʣʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʩʦʨʙʮʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʨʝʛʝʥʝʨʘʮʠʠ ʦʥ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʧʦʜʭʦʜʷʱʠʤ ʚʝʱʝʩʪʚʦʤ ʜʣʷ 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19. ɺʳʧ. 4 (101)  
 

90 

 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ ʢʦʨʥʝʚʳʭ 

ʵʢʩʩʫʜʘʪʦʚ. 

ʇʨʠʙʦʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʥʝʚʳʭ 

ʵʢʩʩʫʜʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʵʢʩʪʨʘʢʮʠʶ, ʢʦʥʮʝʥʪʨʘʮʠʶ ʠ ʠʟʫʯʝʥʠʝ 

ʚʳʜʝʣʝʥʠʡ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʪʝʥʠʡ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʸʤʢʦʩʪʠ ʜʣʷ 

ʨʘʩʪʝʥʠʡ 2, ʟʘʢʨʝʧʣʸʥʥʦʡ ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ 

ʩʪʘʥʮʠʦʥʘʨʥʦʡ ʦʧʦʨʝ 9. ʂʦʣʠʯʝʩʪʚʦ ʠ 

ʨʘʟʤʝʨʳ ʸʤʢʦʩʪʝʡ ʜʣʷ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ 

ʠʟʤʝʥʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʪʦ 

ʝʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʢʦʨʥʝʚʳʝ ʵʢʩʩʫʜʘʪʳ, ʘ 

ʪʘʢʞʝ ʠʭ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʸʤʢʦʩʪʝʡ 

ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ, ʣʠʙʦ ʙʨʘʪʴ ʸʤʢʦʩʪʴ 

ʙʦʣʴʰʝʛʦ ʦʙʲʸʤʘ. ɺ ʥʘʰʝʤ ʫʩʪʨʦʡʩʪʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʸʤʢʦʩʪʠ ʦʙʲʸʤʦʤ 1 ʣʠʪʨ ʜʣʷ 

ʫʜʦʙʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ. 

ʈʝʛʫʣʠʨʫʝʤʦʝ ʢʨʝʧʸʞʥʦʝ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 2 ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʘʠʚʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʨʘʙʦʪʳ 

ʧʨʠʙʦʨʘ ʜʣʷ ʫʜʦʙʩʪʚʘ ʝʛʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʚ ʨʘʩʪʚʦʨ 

ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʢʨʫʧʥʦʡ ʠ ʤʝʣʢʦʡ ʬʨʘʢʮʠʠ ʚ 

ʧʨʠʙʦʨʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʬʠʣʴʪʨʳ ʜʣʷ ʤʝʣʢʠʭ 

ʠ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (3; 6).  

 

 
ʈʠʩ. 4. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʩʙʦʨʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ 

1 ï ʸʤʢʦʩʪʴ ʜʣʷ ʨʘʩʪʝʥʠʡ; 2 ï ʨʝʛʫʣʠʨʫʝʤʦʝ 

ʢʨʝʧʸʞʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ;  3 ï ʬʠʣʴʪʨ 

ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ; 4 ï ʬʠʣʴʪʨ ʤʝʣʢʠʭ ʯʘʩʪʠʮ; 

5 ï ʅʘʩʦʩ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ; 6 ï ʬʠʣʴʪʨ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ; 

7 ï ʦʪʩʝʢ ʩ ʘʙʩʦʨʙʝʥʪʦʤ; 8 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʩʦʩʦʤ; 9 ïʦʧʦʨʘ; 

10 ï ʚʳʭʦʜ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ; 11 ï ʙʣʦʢ 

ʧʠʪʘʥʠʷ 

 

ʇʦʩʪʦʷʥʩʪʚʦ ʚʦʜʥʦʛʦ ʪʦʢʘ ʚʥʫʪʨʠ 

ʧʨʠʙʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʚ 

ʝʛʦ ʫʩʪʨʦʡʩʪʚʦ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ 5, 

ʨʘʚʥʦʤʝʨʥʘʷ ʨʘʙʦʪʘ ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 

ʧʦʣʫʯʠʪʴ ʧʦʪʦʢ ʨʘʩʪʚʦʨʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ 

ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʜʝʣʝʥʠʝ ʢʦʨʥʝʚʳʭ 

ʵʢʩʩʫʜʘʪʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ 

ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 

ʚʦʟʤʦʞʥʦʝ ʪʨʘʚʤʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʨʘʩʪʝʥʠʡ.  

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʦʜʥʦʛʦ ʪʦʢʘ ʯʝʨʝʟ 

ʧʨʠʙʦʨ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʠ ʫʜʦʙʩʪʚʘ ʚ ʧʨʠʙʦʨʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʥʘʩʦʩʦʤ, ʛʜʝ 

ʚ ʮʠʬʨʦʚʦʤ ʬʦʨʤʘʪʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ ʥʘʩʦʩʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʘʜʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ 

ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʜʳ. 

ʉʙʦʨ ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʬʠʣʴʪʨʝ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʷ 3, ʚ ʢʦʪʦʨʦʤ 

ʠʤʝʝʪʩʷ ʦʪʩʝʢ ʩ ʘʜʩʦʨʙʝʥʪʦʤ 7. ʕʪʦ 

ʢʣʶʯʝʚʦʝ ʟʚʝʥʦ ʧʨʠʙʦʨʘ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ 

ʚ ʜʘʥʥʦʡ ʝʛʦ ʯʘʩʪʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʦʨ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʨʘʩʪʝʥʠʡ, ʩ ʢʦʪʦʨʳʤʠ ʚʦʟʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʦʩʣʝʜʫʶʱʫʶ ʨʘʙʦʪʫ (ʨʠʩ. 5). 

ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʚʦʜʳ ʯʝʨʝʟ ʚʩʝ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʙʣʦʢʠ ʧʨʠʙʦʨʘ ʦʥʘ 

ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ 10 ï 

ɺʳʭʦʜ ʦʪʬʠʣʴʪʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʨʠʙʦʨ 

ʠʤʝʝʪ ʟʘʤʢʥʫʪʫʶ ʩʭʝʤʫ ʨʘʙʦʪʳ, ʧʦʵʪʦʤʫ 

ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʘ ʟʘʥʦʚʦ ʧʦʜʘʸʪʩʷ ʢ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʝ ʨʘʩʪʝʥʠʷ ʠ ʧʨʦʮʝʩʩ 

ʟʘʤʳʢʘʝʪʩʷ ʚ ʮʠʢʣ. 

 
ʈʠʩ. 5. ʆʪʩʝʢ ʩ ʘʙʩʦʨʙʝʥʪʦʤ 

 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʟʘʤʢʥʫʪʳʡ ʧʨʠʥʮʠʧ 

ʨʘʙʦʪʳ ʧʨʠʙʦʨʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ 

ʵʢʦʥʦʤʥʦʩʪʴ ï ʥʝʦʙʭʦʜʠʤʦ ʣʠʰʴ ʩʣʝʜʠʪʴ ʟʘ 

ʪʝʤ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʫʩʪʨʦʡʩʪʚʝ ʥʝ 

ʦʧʫʩʢʘʣʩʷ ʥʠʞʝ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʟʘʤʢʥʫʪʳʡ ʮʠʢʣ ʧʦʟʚʦʣʷʝʪ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨ 

ʨʘʩʪʚʦʨʸʥʥʳʭ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ, ʪʝʤ 

ʩʘʤʳʤ ʠʟʙʝʛʘʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʠʭ ʧʦʪʝʨʴ. 

ʇʨʠʙʦʨʳ ʨʘʙʦʪʘʝʪ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʝʪʠ, ʧʦʵʪʦʤʫ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʣʠʯʠʝ ʙʣʦʢʘ ʧʠʪʘʥʠʷ 11. 

ɿʘ ʨʫʙʝʞʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʧʨʠʙʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʙʦʨ 

ʘʣʣʝʣʦʭʠʤʠʢʘʣʠʡ ʨʘʩʪʝʥʠʡ, ʦʜʥʘʢʦ ʦʥʠ 

ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʠʤʠ ʠ ʩʣʦʞʥʳʤʠ ʚ ʨʘʙʦʪʝ ʠ 

ʫʩʪʨʦʡʩʪʚʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʨʠʙʦʨ ʣʠʰʝʥ 

ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʈʘʙʦʪʘʝʪ ʧʨʠʙʦʨ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʤʝʭʘʥʠʟʤʫ: 

ʈʘʩʪʝʥʠʷ ï ʜʦʥʦʨʳ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʚʳʩʘʞʠʚʘʶʪʩʷ ʚ ʸʤʢʦʩʪʴ ʜʣʷ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʥʝʡʪʨʘʣʴʥʳʤ ʩʫʙʩʪʨʘʪʦʤ 

ï ʧʝʨʣʠʪʦʤ ʠʣʠ ʢʝʨʘʤʟʠʪʦʤ. ʉʫʙʩʪʨʘʪ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʤʳʪ ʠ 

ʧʨʦʜʝʟʠʥʬʠʮʠʨʦʚʘʥ. ʇʦʩʣʝ ʚʳʩʘʜʢʠ 

ʨʘʩʪʝʥʠʡ ʚʢʣʶʯʘʝʪʩʷ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʠʡ 

ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʣʷʝʪ ʚʦʜʫ ʚʥʫʪʨʠ 

ʧʨʠʙʦʨʘ ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʧʦ ʟʘʤʢʥʫʪʦʡ 

ʩʠʩʪʝʤʝ. ɺ ʚʦʜʫ ʜʦʙʘʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 

ʨʘʩʪʝʥʠʷʤ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʤʘʢʨʦ- ʠ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʫʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʩʦʨʙʠʨʦʚʘʥʠʶ. ɺʦʜʘ ʦʤʳʚʘʝʪ 

ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʨʘʩʪʝʥʠʡ ʠ ʧʦʧʘʜʘʝʪ ʥʘ 

ʬʠʣʴʪʨʳ ʛʨʫʙʦʡ ʠ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʫʜʘʣʝʥʠʝ ʠʟ ʥʝʸ ʨʘʟʣʠʯʥʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ. ɿʘʪʝʤ ʚʦʜʘ ʩ 

ʨʘʩʪʚʦʨʸʥʥʳʤʠ ʚ ʥʝʡ ʢʦʨʥʝʚʳʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ ʧʦʧʘʜʘʝʪ ʥʘ ʬʠʣʴʪʨ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ, ʟʘʧʦʣʥʝʥʥʳʡ ʩʦʨʙʝʥʪʦʤ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʘʙʩʦʨʙʮʠʷ. ʆʩʪʘʚʰʘʷʩʷ ʚʦʜʘ 

ʧʦʜʘʸʪʩʷ ʥʘ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʨʘʩʪʝʥʠʡ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʛʦ ʠʭ ʦʨʦʰʝʥʠʷ. ʊʝʤ ʩʘʤʳʤ ʮʠʢʣ 

ʟʘʤʳʢʘʝʪʩʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʪʚʦʨʘ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʥʷʪʴ ʢʘʨʪʨʠʜʞ ʩ 

ʩʦʨʙʝʥʪʦʤ ʩ ʬʠʣʴʪʨʘ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʠ 

ʧʨʦʤʳʪʴ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 

ʩʦʨʙʝʥʪʘ). ʊʝʤ ʩʘʤʳʤ ʤʳ ʧʦʣʫʯʘʝʤ ʨʘʩʪʚʦʨ 

ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʨʘʩʪʝʥʠʡ, ʩ ʢʦʪʦʨʳʤ 

ʤʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʘʪʴ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈɻɸʋ-ʄʉʍɸ 

ʠʤʝʥʠ ʂ.ɸ. ʊʠʤʠʨʷʟʝʚʘ ʩʦʚʤʝʩʪʥʦ ʩ ʌɻɹʅʋ 

ʌʅɸʎ ɺʀʄ ʧʨʦʚʦʜʷʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʪʘʢʠʭ ʢʫʣʴʪʫʨ ʢʘʢ: ʦʚʝʩ, ʣʶʧʠʥ, 

ʙʦʨʱʝʚʠʢ ʉʦʩʥʦʚʩʢʦʛʦ ʠ ʜ.ʨ. 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠʭ ʘʢʪʠʚʥʳʭ ʢʫʣʴʪʫʨ. ʅʘ 

ʨʠʩʫʥʢʝ 6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʩʪʘʥʦʚʢʘ ʦʧʳʪʘ ʧʦ 

ʠʟʫʯʝʥʠʶ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʙʦʨʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ. 

 
ʈʠʩ. 6. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʙʦʨʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʨʘʩʪʝʥʠʡ 
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ɺʳʚʦʜʳ 

ʉʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʠ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʢʦʨʥʝʚʳʭ ʚʳʜʝʣʝʥʠʡ 

ʘʣʣʝʣʦʧʘʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʢʦʪʦʨʦʝ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ: 

1. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ; 

2. ʅʘʜʸʞʥʦʩʪʴ ï ʣʶʙʦʡ ʫʟʝʣ ʧʨʠʙʦʨʘ 

ʤʦʞʥʦ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦ ʟʘʤʝʥʠʪʴ 

ʥʘ ʘʥʘʣʦʛʠʯʥʳʡ; 

3. ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 

4. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʩʪʴ; 

5. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

6. ʕʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʢʦʨʥʝʚʳʭ ʵʢʩʩʫʜʘʪʦʚ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʛʝʨʙʠʮʠʜʦʚ - 

ʙʠʦʛʝʨʙʠʮʠʜʦʚ ʥʘ ʦʩʥʦʚʝ ʢʦʨʥʝʚʳʭ 

ʚʳʜʝʣʝʥʠʡ ʨʘʩʪʝʥʠʡ. 
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ʈɸɼʀɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ɸʇʂ 
 

ʃ.ɸ. ʅʝʤʝʥʫʱʘʷ  

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʥʘʫʯʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʈʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè (ʌɻɹʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè), ʧ. 

ʇʨʘʚʜʠʥʩʢʠʡ, ʈʦʩʩʠʷ  

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʩʦʩʪʦʷʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʜʘʥʥʦʡ 

ʩʬʝʨʝ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʦʙʣʫʯʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʩʬʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʝ 

ʜʦʢʫʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʜʫʥʘʨʦʜʥʳʤ, ʪʘʢʞʝ ʠʜʝʪ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʥʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʥʦʨʤʠʨʦʚʘʥʠʠ ʝʱʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʨʷʜʘ ʩʪʘʥʜʘʨʪʦʚ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʪʘʥʜʘʨʪʳ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ 

ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʘʢʦʚʢʠ ʦʙʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʨʘʟʨʘʙʦʪʦʢ 

ʥʘʫʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʙʣʫʯʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜʠʢʘ ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ 

ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ ʌʝʜʝʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ʄ. ɻʦʨʙʘʪʦʚʘ ʠ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ ʩʧʠʨʪʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʀʥʩʪʠʪʫʪʝ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʌʍʕ ʈɸʅ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʤʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ 

ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (ʚʠʪʘʤʠʥʳ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨ.). ɺʩʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʩʦʭʨʘʥʠʚʰʝʡ ʧʠʱʝʚʫʶ 

ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʝʝ ʠʦʥʠʟʠʨʫʶʱʝʤ ʦʙʣʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʮʠʠ; ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ, ʫʯʝʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʥʠʢʘʶʱʠʭ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ.  
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The article considers the specific features of agricultural application of radiation technologies and the 

status of relevant national and foreign regulatory base. A comparative analysis of the existing regulatory 

framework in the field of irradiation of agricultural and food products showed that domestic documents were 

in line with the international ones in terms of applications. Moreover, the elaboration of new regulations is in 

progress. However, the national rate setting still needs some standards to be developed, namely those 

governing the irradiation technologies for individual crops and products and the use of irradiated products 

packages. The article describes the achievements of scientific organizations in the field of improving the 

safety of radiation-exposed products: the detection method of irradiated foods by gas chromatography with 

the mass spectrometric detection designed in Federal Scientific Centre of Food Systems named after V. M. 

Gorbatov and Bauman Moscow State Technical University; the quality control technique of irradiated 

products based on spectrophotometry of alcohol extracts proposed by Frumkin Institute of Physical 

Chemistry and Electrochemistry of the Russian Academy of Sciences. Based on the considered data, the 

conclusion is that the methods of radiation exposure are effective in combination with other treatment 

methods aimed to improve the safety of food products and more successful preservation of the most 

important quality indicators ï vitamins, biologically active compounds, etc. All the presented studies confirm 

the fact that to produce the safe products and to preserve their nutritional value with their ionizing irradiation 

is possible only under the strict compliance with the regulatory requirements when only the irradiation doses 

suitable for a given product type are applied, the preliminary and subsequent safety and quality control is 

conducted, and the impact of emerging concurrent reactions is considered. 
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ɺʚʝʜʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʦʨʠʪʝʪʳ ʚ ʩʬʝʨʝ 

ʘʛʨʘʨʥʦʡ ʧʦʣʠʪʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʩʥʠʞʝʥʠʝ ʨʝʩʫʨʩʦʝʤʢʦʩʪʠ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʧʘʨʘʪʦʚ. ɺ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʝ 

ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʳʥʢʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʩʳʨʴʷ ʠ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ ʥʘ 2013 ï 2020 ʛʦʜʳ ʩʪʘʚʷʪʩʷ 

ʟʘʜʘʯʠ ʧʦ ʧʦʚʳʰʝʥʠʶ ʪʦʚʘʨʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

95 

 

ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ [1]. 

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʨʝʰʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ; ʘʢʫʩʪʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ; ʦʙʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. 

ʂ ʪʘʢʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʥʘʧʨʘʚʣʝʥʠʷʤ ʦʪʥʦʩʠʪʩʷ 

ʠʦʥʠʟʠʨʫʶʱʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʀʦʥʠʟʠʨʫʶʱʝʝ ʦʙʣʫʯʝʥʠʝ ʚ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

ʜʦʟʘʭ ʙʝʟʦʧʘʩʥʦ ʠ ʥʝ ʤʝʥʷʝʪ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʪʢʘʥʝʡ, ʤʝʥʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʪʦʜʘʤʠ ʪʝʧʣʦʚʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ, ʩʫʰʢʠ, 

ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʜʣʝʚʘʝʪ 

ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʥʩʝʨʚʘʥʪʦʚ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʧʨʦʜʫʢʮʠʠ ʚ ʫʧʘʢʦʚʢʝ [2].  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʤʘʪʝʨʠʘʣ 

ʧʦʜʛʦʪʦʚʣʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʧʨʦʙʣʝʤʘ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ 

ʥʘʜʣʝʞʘʱʝʛʦ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʫʙʣʠʢʘʮʠʠ: ʜʘʥʥʳʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ; ʫʯʝʙʥʳʭ, 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʧʨʦʝʢʪʥʳʭ 

ʠʥʩʪʠʪʫʪʦʚ; ʩʪʘʪʴʠ ʢʦʥʬʝʨʝʥʮʠʡ; ʢʥʠʛʠ, 

ʩʦʦʙʱʝʥʠʷ ʚ ʞʫʨʥʘʣʘʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʡ, 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-

ʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʠʩʭʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠ 

ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʬʠʣʷ 

ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ʥʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʣʫʯʘʝʤʦʡ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʅʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʵʪʠʤ ʟʘʥʠʤʘʶʪʩʷ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʘʷ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ (ʌɸʆ), 

ɺʩʝʤʠʨʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

(ɺʆɿ), ʄʝʞʜʫʥʘʨʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʧʦ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ), ʘ ʪʘʢʞʝ 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʩʫʣʴʪʘʪʠʚʥʘʷ ʛʨʫʧʧʘ ʧʦ 

ʦʙʣʫʯʝʥʠʶ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʨʘʚʦ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘ ʜʦʩʪʫʧ ʢ ʙʝʟʦʧʘʩʥʳʤ 

ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʈʝʟʦʣʶʮʠʝʡ 39/248 ɻʝʥʝʨʘʣʴʥʦʡ ɸʩʩʘʤʙʣʝʠ 

ʆʨʛʘʥʠʟʘʮʠʠ ʆʙʲʝʜʠʥʝʥʥʳʭ ʅʘʮʠʡ (ʧʨʠʥʷʪʘ 

09.04.1985).  

ɺ ʩʬʝʨʝ ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʨʦʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʠʩʪʝʤʘ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ ʠ 

ʢʨʠʪʠʯʝʩʢʠʝ ʢʦʥʪʨʦʣʴʥʳʝ ʪʦʯʢʠ ʍɸʉʉʇ 

(Hazard Analysis & Critical Control Points 

(ʅɸʉʉʈ)), ʧʨʠʤʝʥʷʶʱʘʷʩʷ ʢʦʤʧʘʥʠʷʤʠ, 

ʧʨʦʠʟʚʦʜʷʱʠʤʠ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʠʱʝʚʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʨʦʟ 

ʧʠʱʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ ʷʚʣʷʝʪʩʷ ʂʦʜʝʢʩ 

ɸʣʠʤʝʥʪʘʨʠʫʩ, ʚ ʢʦʪʦʨʦʤ ʜʣʷ ʦʙʣʫʯʝʥʠʷ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ, 

ʦʬʦʨʤʣʝʥʠʷ ʠ ʤʘʨʢʠʨʦʚʢʠ. ʂʦʜʝʢʩʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʦʟʘ 

ʧʦʛʣʦʱʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ï ʥʝ ʙʦʣʝʝ 10 ʢɻʨ, 

ʢʨʦʤʝ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ.  
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ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʘʷ ʙʘʟʘ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʝʣʴʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʜʦʣʞʘʝʪ 

ʨʘʟʚʠʚʘʪʴʩʷ.  ɿʘʜʘʯʘ ʧʦ ʝʝ ʨʘʟʨʘʙʦʪʢʝ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʨʝʰʝʥʠʝʤ 

ʧʨʝʟʠʜʠʫʤʘ ʉʦʚʝʪʘ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʦʩʩʠʠ 

ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʵʢʦʥʦʤʠʢʠ ʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʦʪ 11 ʜʝʢʘʙʨʷ 

2014 ʛ. ʆʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʦʩʥʦʚʥʳʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʧʦʣʦʞʝʥʠʡ ʠʜʝʥʪʠʯʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʪʘʥʜʘʨʪʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪ 

ʪʝʭʥʦʣʦʛʠʶ ʦʙʣʫʯʝʥʠʷ ʠ ʤʝʪʦʜʠʢʫ 

ʜʦʟʠʤʝʪʨʠʠ. 

ʈʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʦʧʠʨʘʝʪʩʷ ʥʘ ʟʘʢʦʥʳ, 

ʧʦʩʪʘʥʦʚʣʝʥʠʷ, ʧʨʠʢʘʟʳ; ʩʪʘʥʜʘʨʪʳ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʩʘʥʠʪʘʨʥʳʝ 

ʧʨʘʚʠʣʘ ʠ ʥʦʨʤʳ. ʆʙʨʘʙʦʪʢʘ 

ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʠʣʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ 

ʤʦʞʝʪ ʙʳʪʴ ʦʬʦʨʤʣʝʥʘ ʢʘʢ ʯʘʩʪʴ ʧʣʘʥʘ 

ʅɸʉʉʈ ʧʦ ɻʆʉʊ ʈ 51705.1-2001. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʥʝ 

ʪʦʣʴʢʦ ʚʥʫʪʨʠʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ (ɻʆʉʊ ʈ), ʥʦ 

ʠ ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ (ɻʆʉʊ). 

ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʦʚʝʪʦʤ ʧʦ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʠ ʠ ʩʝʨʪʠʬʠʢʘʮʠʠ 

ʧʨʠʥʷʪ çʇʣʘʥ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʦʙ ʦʙʝʩʧʝʯʝʥʠʠ ʝʜʠʥʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ 

ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʥʘʭʦʜʷʪʩʷ ʦʜʠʥ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ (ɻʆʉʊ) 

çʇʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ. ʈʘʜʠʘʮʠʦʥʥʘʷ 

ʦʙʨʘʙʦʪʢʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʝʪʦʜʠʢʘ 

ʜʦʟʠʤʝʪʨʠʠè ʠ ʪʨʠ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ (ʈʄɻ): çʋʩʪʘʥʦʚʢʠ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩ 

ʨʘʜʠʦʥʫʢʣʠʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ 

ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʄʝʪʦʜʠʢʘ ʘʪʪʝʩʪʘʮʠʠ ʧʦ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʚ ʧʨʦʜʫʢʮʠʠè; 

çʋʩʪʘʥʦʚʢʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩ 

ʫʩʢʦʨʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʥʦʚ ʜʣʷ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʄʝʪʦʜʠʢʘ 

ʘʪʪʝʩʪʘʮʠʠ ʧʦ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʝ ʚ 

ʧʨʦʜʫʢʮʠʠè; çʆʙʝʩʧʝʯʝʥʠʝ ʝʜʠʥʩʪʚʘ 

ʠʟʤʝʨʝʥʠʡ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ. ʆʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷè [3,4,5]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʤʝʶʱʝʡʩʷ 

ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʚ ʦʙʣʘʩʪʠ ʦʙʣʫʯʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ ʩʬʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʜʦʢʫʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ, ʪʘʢʞʝ ʠʜʝʪ ʧʦʩʪʦʷʥʥʘʷ 

ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ ʥʦʨʤʘʪʠʚʥʳʭ 

ʘʢʪʦʚ, ʥʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ ʥʦʨʤʠʨʦʚʘʥʠʠ 

ʝʱʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ ʨʷʜʘ ʩʪʘʥʜʘʨʪʦʚ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʫʯʝʥʠʷ 

ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʧʘʢʦʚʢʠ ʦʙʣʫʯʘʝʤʳʭ 

ʧʨʦʜʫʢʪʦʚ. 

ʉʦʙʣʶʜʝʥʠʝ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʷʚʣʷʝʪʩʷ 

ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ 

ʠ ʩʦʭʨʘʥʝʥʠʝ ʝʛʦ ʛʝʥʦʬʦʥʜʘ. ʀʦʥʠʟʠʨʫʶʱʠʝ 

ʨʘʜʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʩʚʷʟʘʥʳ ʩ 

ʷʜʝʨʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʬʦʪʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʦʙʣʫʯʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʨʘʜʠʦʣʠʟʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʵʪʦʤʫ ʦʙʷʟʘʪʝʣʴʥʦ ʪʨʝʙʫʝʪʩʷ 

ʦʮʝʥʢʘ ʠʭ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʭʠʤʠʢʦ-

ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʠ 

ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ. 

ʇʦʜʨʦʙʥʳʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʜʦʟ 

ʦʙʣʫʯʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʪʨʝʙʣʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 

ʥʘʚʝʜʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 

ʜʦʢʫʤʝʥʪʝ ʄɸɻɸʊʕ International Atomic 

Energy Agency, Detection of Radioactive 

Material at Borders, jointly sponsored by Iaea, 

WCO, Europol, and Interpol (IAEA-TECDOC-

1287) (Natural..., 2002). ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ 
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ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʨʠ ʝʞʝʛʦʜʥʦʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʧʦʪʨʝʙʣʝʥʠʠ 50 ʢʛ ʧʠʱʠ 

ʯʝʨʝʟ 2 ʜʥʷ ʧʦʩʣʝ ʝʝ ʦʙʣʫʯʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʧʦʪʨʝʙʣʝʥʠʝʤ ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ, ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ 10
14

 

ʄʵɺ/ʛʦʜ. ʕʪʦʪ ʫʨʦʚʝʥʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1/30000 ʦʪ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʦʥʘ [6,7]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʇʂ 

ʠʩʧʦʣʴʟʫʶʪʩʷ: 

ɔ ï ʫʩʪʘʥʦʚʢʠ: ʂʉɺ-500 (ʆʙʥʠʥʩʢʠʡ 

ʬʠʣʠʘʣ ʆɸʆ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʃ.ʗ. ʂʘʨʧʦʚʘè); 

ɻʋ-200ʄ, (ɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠè (ʅʀʀʊʌɸ), ʛ. ʄʦʩʢʚʘ); 

ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʢʦʨʠʪʝʣʠ: ʣʠʥʝʡʥʳʡ 

ʚʦʣʥʦʚʦʜʥʳʡ ʋ003 çʕʣʝʢʪʨʦʥʠʢʘè 5 ʄʵɺ 

(ʅʀʀʊʌɸ, ʛ. ʄʦʩʢʚʘ); ʀʃʋ-10, 5 ʄʵɺ 

(ʀʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ (ʀʗʌ) ʠʤʝʥʠ ʠʤ. 

ɹʫʜʢʝʨʘ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ); ʋʕʃʈ-10-10-40, 10 

ʄʵɺ (çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ï ʌʝʜʝʨʘʣʴʥʳʡ 

ʤʝʜʠʮʠʥʩʢʠʡ ʙʠʦʬʠʟʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠʤʝʥʠ 

ɸ.ʀ. ɹʫʨʥʘʟʷʥʘè, ʛ. ʄʦʩʢʚʘ); ʋʕʃɺ-10-10-ʉ-

70 ʎʂʇ ʌʄʀ ʀʌʍʕ ʈɸʅ; ʫʩʢʦʨʠʪʝʣʴ 

ʵʣʝʢʪʨʦʥʦʚ 10 ʄʵɺ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 

ʧʫʯʢʘ 15 ʢɺʪ (ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤʝʥʠ ɼ.ɺ. 

ʉʢʦʙʝʣʴʮʳʥʘ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 

(ʅʀʀʗʌ ʄɻʋ) ʩʦʚʤʝʩʪʥʦ ʩ ɸʆ çʅʇʇ 

çʊʦʨʠʡè) ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʆʆʆ 

çʊʝʢʣʝʦʨè; ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʩ 

ʧʝʨʝʩʪʨʘʠʚʘʝʤʦʡ ʵʥʝʨʛʠʝʡ ʦʪ 2 ʄʵɺ ʜʦ 10 

ʄʵɺ ʩʦ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ ʧʫʯʢʘ 12 ʢɺʪ ʠ  

ʨʝʢʦʨʜʥʳʤ ʟʥʘʯʝʥʠʝʤ ʂʇɼ çʦʪ ʨʦʟʝʪʢʠè - ʜʦ 

21% (ʆʆʆ çʅʇʇ çʂʦʨʘʜè ʩʦʚʤʝʩʪʥʦ ʩ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʷʜʝʨʥʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ʅʀʗʋ) ʄʀʌʀ) 

ʩʪʝʨʠʣʠʟʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʆʆʆ çɸʢʮʝʥʪʨè.  

ɺ ʈʦʩʩʠʠ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘ ʢʦʤʧʘʥʠʷ 

ʆɸʆ çʅʀʀʊʌɸè (ʛ. ʄʦʩʢʚʘ), ʚʳʧʫʩʢʘʶʱʘʷ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʥʘ 

ʦʩʥʦʚʝ ʠʟʦʪʦʧʘ 
60
Co. ʇʦʜʦʙʥʳʝ ʠʩʪʦʯʥʠʢʠ ɔ-

ʠʟʣʫʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʦʚ ʦʪʣʠʯʘʶʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʨʘʩʭʦʜʦʚ ʥʘ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʪʨʫʜʥʦʩʪʴʶ ʩ 

ʦʙʨʘʱʝʥʠʝʤ ʩ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

ʠ ʧʨʦʙʣʝʤʘʤʠ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʝʪʦʜʳ ʦʙʣʫʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʢʦʨʠʪʝʣʝʡ. ɺʳʩʦʢʘʷ ʤʦʱʥʦʩʪʴ ʜʦʟʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʠʤ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʝʢʫʥʜ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʜʫʢʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝʤ. 

ʂʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʳʝ ʵʬʬʝʢʪʳ 

ʦʢʠʩʣʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʩʚʦʜʷ ʢ ʤʠʥʠʤʫʤʫ 

ʜʝʩʪʨʫʢʮʠʶ, ʢʘʢ ʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ 

ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʫʩʢʦʨʠʪʝʣʷʭ 

ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʘʨʴʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʠʚʦʜʠʪ ʢ ʤʠʥʠʤʠʟʘʮʠʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʭʦʜʷʪʩʷ ʙʦʣʝʝ 60 ʣʠʥʝʡʥʳʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʢʦʨʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʦʙʩʣʫʞʠʚʘʶʪʩʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʧʝʨʩʦʥʘʣʦʤ [8]. ʅʦ ʜʣʷ ʤʘʩʩʦʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ, ʥʠ ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʠ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʧʨʠʤʝʥʝʥʠʠ ʢ 

ʧʨʦʜʫʢʪʘʤ ʧʠʪʘʥʠʷ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠʩʴ 

ʝʱʝ ʚ ʉʦʶʟʝ ʩʦʚʝʪʩʢʠʭ ʩʦʮʠʘʣʠʩʪʠʯʝʩʢʠʭ 

ʨʝʩʧʫʙʣʠʢ (ʉʉʉʈ). ʕʪʠʤʠ ʚʦʧʨʦʩʘʤʠ 

ʥʘʯʠʥʘʷ ʩ 60-ʭ ʛʦʜʦʚ 20 ʚʝʢʘ ʟʘʥʠʤʘʣʠʩʴ 

ʥʘʫʯʥʳʝ ʠʥʩʪʠʪʫʪʳ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʠ 

ʜʨ. (ʈʘʩʧʦʨʷʞʝʥʠʝ ʉʦʚʝʪʘ ʄʠʥʠʩʪʨʦʚ ʉʉʉʈ 

ʦʪ 27.11.1956 ʛʦʜʘ ˉ 6946-ʨ). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʙʳʣ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʚ ʩʬʝʨʝ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [5]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʌɻɹʅʋ çʌʝʜʝʨʘʣʴʥʳʡ 

ʠʩʧʪrʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʧʠʪʘʥʠʷ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʠè ʙʳʣʘ ʨʘʟʨʝʰʝʥʘ 

ʨʘʜʠʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ 

ʥʝʢʦʪʦʨʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʢʘʨʪʦʬʝʣʴ; 

ʣʫʢ ʨʝʧʯʘʪʳʡ; ʟʝʨʥʦ ʧʰʝʥʠʮʳ, ʢʫʢʫʨʫʟʳ, 

ʷʯʤʝʥʷ; ʧʠʱʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ; ʩʫʭʦʬʨʫʢʪʳ; 

ʩʚʝʞʠʝ ʧʣʦʜʳ ʠ ʷʛʦʜʳ, ʨʳʙʘ ʤʦʨʩʢʘʷ 

ʥʝʞʠʨʥʘʷ ʩʚʝʞʘʷ, ʛʦʨʷʯʝʛʦ ʢʦʧʯʝʥʠʷ 

(ʨʳʙʥʘʷ ʢʫʣʠʥʘʨʠʷ); ʤʷʩʦ ʩʳʨʦʝ 

ʧʦʣʫʬʘʙʨʠʢʘʪʳ (ʚ ʧʣʝʥʢʝ); ʢʫʨʳ 

ʧʦʪʨʦʰʝʥʳʝ (ʚ ʧʣʝʥʢʝ); ʢʫʣʠʥʘʨʥʦ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʤʷʩʥʳʝ ʧʦʣʫʬʘʙʨʠʢʘʪʳ (ʚ 

ʧʣʝʥʢʝ)), ʥʦ ʚʩʝ ʵʪʠ ʨʘʟʨʝʰʝʥʠʷ ʧʦʣʫʯʝʥʳ ʚ 

ʧʝʨʠʦʜ ʩ 1958 ʧʦ 1992 ʛʦʜʳ ʠ ʪʨʝʙʫʶʪ 

ʘʢʪʫʘʣʠʟʘʮʠʠ [5].  

ɹʳʣʘ ʧʨʦʜʦʣʞʝʥʘ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʥʘʫʯʥʦʤ 

ʮʝʥʪʨʝ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ʄ. ɻʦʨʙʘʪʦʚʘ 

ʠ  ʄʦʩʢʦʚʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʦʙʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚʳʷʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʟʘ ï ʵʬʬʝʢʪ, 

ʦʧʨʝʜʝʣʝʥ ʜʠʘʧʘʟʦʥ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ 

ʧʨʦʜʫʢʪʦʚ, ʧʦʜʚʝʨʛʥʫʪʳʭ ʠʦʥʠʟʠʨʫʶʱʝʤʫ 

ʠʟʣʫʯʝʥʠʶ, ʠʩʩʣʝʜʦʚʘʥʳ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʤʘʨʢʝʨʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ 

ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʩ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ɻʆʉʊ 34131-2017 ʚʥʝʜʨʝʥ ʚ 

ʨʘʙʦʪʫ ʀʩʧʳʪʘʪʝʣʴʥʦʛʦ ʮʝʥʪʘ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʤʝʥʠ 

ɺ.ʄ. ɻʦʨʙʘʪʦʚʘ [9]. 

ɺ ʪʘʙʣʠʮʝ 1 ʦʙʦʙʱʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʨʘʪʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʦʙʣʫʯʝʥʠʷ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʝʝ ʭʨʘʥʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ ʭʨʘʥʝʥʠʷ ʙʝʟ ʦʙʣʫʯʝʥʠʷ [10]. 

 

 

ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʦʣʦʛʠʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ 

ʊʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʯʠʢ 
ʈʝʢʦʤʝʥʜʫʝʤʳʝ ʜʦʟʳ ʠ 

ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ 
ʕʬʬʝʢʪ 

ʆʙʨʘʙʦʪʢʘ ʟʝʤʣʷʥʠʢʠ, 

ʌɻɹʅʋ ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʨʘʜʠʦʣʦʛʠʠ ʠ 

ʘʛʨʦʵʢʦʣʦʛʠʠ (ɺʅʀʀʈɸʕ) 

Ὓ-ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 2 

ʢɻʨ; 

ʩʦʯʝʪʘʥʠʝ ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʦʟʦʡ 2,5 ʢɻʨ 

ʋʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʥʘ 5 ʜʥʝʡ; 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʥʘ 9 ʜʥʝʡ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʨʘʥʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ 

ʦʭʣʘʞʜʝʥʠʷ 

ʆʙʨʘʙʦʪʢʘ ʷʛʦʜ, ʦʚʦʱʝʡ, 

ʌɻɹʅʋ ɺʅʀʀʈɸʕ 

ɻʘʤʤʘ-ʦʙʣʫʯʝʥʠʝ ʠ 

ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

(0-4 Áʉ, ʜʦʟʘ 6-8 ʢɻʨ, 

ʩʦʨʙʝʥʪʳ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʥʝʧʨʠʷʪʥʳʭ 

ʟʘʧʘʭʦʚ), ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʫʧʘʢʦʚʢʦʡ ʩ ʛʘʟʦʚʦʡ 

ʩʨʝʜʦʡ ʩ ʉʆ 

ʇʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʜʦʟʫ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ. 

ʉʦʭʨʘʥʝʥʠʝ ʟʝʤʣʷʥʠʢʠ ʧʨʠ 20 Áʉ ʚ 

ʪʝʯʝʥʠʝ 30 ʜʥʝʡ, ʢʘʧʫʩʪʳ ʚ ʪʝʯʝʥʠʝ 

120 ʜʥʝʡ 
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ʆʙʨʘʙʦʪʢʘ ʢʦʯʘʥʥʦʛʦ ʩʘʣʘʪʘ, 

ʌɻɹʅʋ ɺʅʀʀʈɸʕ 

ɺ ʫʧʘʢʦʚʢʘʭ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ ʛʘʤʤʘ-

ʦʙʣʫʯʝʥʠʝ ʜʦʟʦʡ 0,35 

ʢɻʨ 

ɻʘʤʤʘ-ʦʙʣʫʯʝʥʠʝ 

ʫʧʘʢʦʚʢʠ ʜʦʟʦʡ 1-2 ʢɻʨ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 3 Áʉ, ʚ 

ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʆ2 ï 1,5-

3,7% ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2. 

ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

ʩʦʢʨʘʱʘʝʪʩʷ ʩ 105-106 ʂʆɽ/ʛ ʜʦ 1,5 

log|0KOE/r ʟʘ 14 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ ʧʨʠ 

4Áʉ, ʢʘʯʝʩʪʚʦ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʉʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʦʪ ʧʦʨʯʠ ʚ 

ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ 5 ʩʫʪʦʢ ʧʨʠ 

ʩʨʘʚʥʝʥʠʠ ʩ ʦʙʳʯʥʳʤ ʦʭʣʘʞʜʝʥʥʳʤ 

ʭʨʘʥʝʥʠʝʤ. 

ʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ 

ʦʛʫʨʮʦʚ ʠ ʢʣʫʙʥʠʢʠ, ʌɻɹʅʋ 

ɺʅʀʀʈɸʕ 

ʆʙʨʘʙʦʪʢʘ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 

ʜʦʟ 0,5-3,0 ʢɻʨ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʭʨʘʥʝʥʠʷ 

+3-4 0ʉ. 

ʉʨʦʢ ʭʨʘʥʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ 

ʚ ʦʛʫʨʮʘʭ ʧʨʠ ʜʦʟʘʭ 0,5 ʠ 1,5 ʢɻʨ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ; ʧʨʠ ʜʦʟʝ 3,0 ʢɻʨ 

ʧʦʜʘʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ Botrytiscinerea 

ʥʘ ʢʣʫʙʥʠʢʝ ʠ ʧʦʚʳʰʘʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʚ 

ʧʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣ.1 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʣʫʯʝʥʠʷ 

ʢʘʨʪʦʬʝʣʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʫʙʳʣʠ ʤʘʩʩʳ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʌɻɹʅʋ ɺʅʀʀʈɸʕ 

 

ʆʙʣʫʯʝʥʠʝ ʜʦʟʘʤʠ 50, 

100, 150 ɻʨ, ʭʨʘʥʝʥʠʝ ʚ 

ʭʦʣʦʜʠʣʴʥʠʢʝ ʚ ʪʝʯʝʥʠʝ 

12 ʤʝʩʷʮʝʚ, ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ ʚ ʜʦʟʝ 100 ɻʨ 

ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦ 

ʋ ʩʦʨʪʘ ɻʘʣʘ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʚ 4,5 

ʨʘʟʘ, ʫ ʩʦʨʪʘ ɾʫʨʘʚʠʥʢʘ ï ʚ 2,2 ʨʘʟʘ. 

ʇʦʪʝʨʠ ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʩʦʨʪʘ 

ɾʫʨʘʚʠʥʢʘ, ʙʳʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʢʦʥʪʨʦʣʝʤ.  ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʚʠʪʘʤʠʥʘ ʉ ʚ 1,1-2,0 ʨʘʟʘ. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ 

ʭʘʨʘʢʪʝʨ, ʥʝ ʦʪʣʠʯʘʷʩʴ ʦʪ ʪʘʢʦʚʦʡ ʚ 

ʥʝʦʙʣʫʯʝʥʥʦʤ ʢʦʥʪʨʦʣʝ. 

ʆʙʣʫʯʝʥʠʝ ʢʣʫʙʥʝʡ 

ʢʘʨʪʦʬʝʣʷ 

ʩʨʝʜʥʝʨʘʥʥʝʛʦ ʩʦʨʪʘ 

ɺʈ-808 ʠ 

ʩʨʝʜʥʝʧʦʟʜʥʝʛʦ ʩʦʨʪʘ 

ɻʝʨʤʝʩ ʧʝʨʝʜ ʟʘʢʣʘʜʢʦʡ 

ʥʘ ʭʨʘʥʝʥʠʝ ʚ ʜʦʟʘʭ 50, 

100 ʠ 150 ɻʨ (ʧʨʠ 

ʤʦʱʥʦʩʪʠ ʜʦʟʳ 100 

ɻʨ/ʯ) 

ʉʥʠʞʘʝʪ ʧʦʪʝʨʶ ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʧʨʠ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʜʦʟʘʭ ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʢʘʨʪʦʬʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +4-6 0ʉ. 

ʆʙʣʫʯʝʥʠʝ ʢʣʫʙʥʝʡ ʚ ʜʦʟʘʭ 100 ʠ 150 

ɻʨ ʩʥʠʞʘʝʪ ʧʦʪʝʨʶ ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʚ 

3-4 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, 

ʩʦʨʪʘ ɺʈ-808 ʦʙʣʫʯʝʥʠʝ ʢʣʫʙʥʝʡ ʚ 

ʜʦʟʘʭ 100 ʠ 150 ɻʨ ʩʥʠʞʘʝʪ ʧʦʪʝʨʶ 

ʤʘʩʩʳ ʢʣʫʙʥʝʡ ʚ 3-4 ʨʘʟʘ; ʦʙʣʫʯʝʥʠʝ 

ʚ ʜʠʘʧʘʟʦʥʝ 50-150 ɻʨ ʠ ʭʨʘʥʝʥʠʝ ʧʨʠ 

ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ ʥʝ 

ʦʢʘʟʘʣʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʢʘʨʪʦʬʝʣʷ. 

ʋʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ 

ʀʃʋ-6 ʚ ʨʝʞʠʤʝ 

ʪʦʨʤʦʟʥʦʛʦ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʟʘʭ 120, 

240, 360 ɻʨʠʥʘ ʛʘʤʤʘ-

ʫʩʪʘʥʦʚʢʝ ɻʋʈ-120 ʩ 

ʠʩʪʦʯʥʠʢʦʤ 60 Co ʚ 

ʜʦʟʘʭ 5, 10, 50, 100 ʠ 

150ɻʨ 

ʆʙʣʫʯʝʥʠʝ ʚ ʜʦʟʘʭ ʩʚʳʰʝ 100 ɻʨ 

ʩʥʠʞʘʝʪ ʧʦʪʝʨʠ ʚʝʩʘ ʢʣʫʙʥʝʡ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʜʳʭʘʥʠʷ ʠ 

ʪʨʘʥʩʧʠʨʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʠ

 ʚ 1,5ï2,0 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʦʙʣʫʯʝʥʥʳʤ ʢʘʨʪʦʬʝʣʝʤ 
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ʂʦʤʧʣʝʢʩʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʚʠʰʥʠ, ʌɻɹʅʋ ɺʅʀʀʊʝʂ- 

ʬʠʣʠʘʣ ʌɻɹʅʋ çʌʅʎ 

ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʤ. ɺ.ʄ. 

ɻʦʨʙʘʪʦʚʘ ʈɸʅè 

ʆʙʨʘʙʦʪʢʘ ɔ-

ʦʙʣʫʯʝʥʠʝʤ 1-3 ʢɻʨ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʚʦʡ 

ʩʨʝʜʳ ʠ 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʭ 

ʫʧʘʢʦʚʦʢ ʧʨʠ 

ʭʦʣʦʜʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ 

ɿʘʤʝʜʣʝʥʠʝ ʯʝʨʝʟ 5-12 ʩʫʪʦʢ 

ʧʨʦʮʝʩʩʦʚ ʩʦʟʨʝʚʘʥʠʷ ʠ ʩʪʘʨʝʥʠʷ, 

ʩʥʠʞʝʥʠʝ ʧʦʩʪʨʘʜʠʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʨʫʢʪʦʚ ʢ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ. ʂʦʣʠʯʝʩʪʚʦ 

ʩʪʘʥʜʘʨʪʥʳʭ ʬʨʫʢʪʦʚ ʩʦʩʪʘʚʣʷʣʦ ʥʘ 

ʧʝʨʠʦʜ 15-25 ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ 90-96 %. 

ɺʳʭʦʜ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ 73-

82%, ʢʦʥʪʨʦʣʴ ʥʝ ʙʦʣʝʝ 50-69 % (ʧʦ 

ʯʝʨʥʦʡ ʩʤʦʨʦʜʠʥʝ). 

ʉʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʚ 2-5 ʨʘʟ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ 

ʩʚʝʞʠʭ ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ 

ʠʦʥʠʟʠʨʫʶʱʠʤʠ 

ʠʟʣʫʯʝʥʠʷʤʠ ʌɻɹʅʋ 

ɺʅʀʀʊʝʂ - ʬʠʣʠʘʣ ʌɻɹʅʋ 

çʌʅʎ ʧʠʱʝʚʳʭ ʩʠʩʪʝʤ ʠʤ. 

ɺ.ʄ. ɻʦʨʙʘʪʦʚʘ ʈɸʅè 

ʆʙʨʘʙʦʪʢʘ ɔ-ʣʫʯʘʤʠ 

(ʜʦʟʳ ʦʪ 3,5-4 ʢɻʨ/ʯ) 

ʠʣʠ ʫʩʢʦʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ (ʜʦʟʘʤʠ 1-

3 ʢɻʨ) ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ 

ʛʘʟʦʚʦʡ ʩʨʝʜʦʡ ʩ 

ʧʦʚʳʰʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʉʆ2 (5-15 

%) ʠ ʧʦʥʠʞʝʥʥʳʤ ʆ2 ʚ 

ʫʩʣʦʚʠʷʭ ʦʭʣʘʞʜʝʥʠʷ 

(4-5 Áʉ) 

ɺʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʣʷ ʟʘʜʝʨʞʢʠ 

ʧʨʦʮʝʩʩʦʚ ʩʦʟʨʝʚʘʥʠʷ (ʩʪʘʨʝʥʠʷ) 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ, ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʧʘʪʦʛʝʥʘʤ ʠ 

ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ. 

ʉʦʢʨʘʱʝʥʠʝ ʧʦʪʝʨʴ ʚ 2-5 ʨʘʟ, 

ʧʨʦʜʣʝʥʠʝ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʧʨʠ 

ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʢʘʯʝʩʪʚʘ. 

 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ 

ʨʘʩʪʝʥʠʝʚʦʜʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ.   ʂʘʢ ʧʨʘʚʠʣʦ 

ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʙʦʣʝʝ 

ʫʩʧʝʰʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʚʘʞʥʝʡʰʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (ʚʠʪʘʤʠʥʳ, 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨ.). 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʤʥʦʛʦʣʝʪʥʝʛʦ ʘʥʘʣʠʟʘ ʥʘʫʯʥʳʭ ʜʘʥʥʳʭ, 

ʂʦʤʠʪʝʪ ʵʢʩʧʝʨʪʦʚ ɺʆɿ/ʌɸʆ/ʄɸɻɸʊʕ 

ʧʦʜʪʚʝʨʜʠʣ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʝʩʣʠ ʠʭ ʦʙʨʘʙʦʪʢʘ ʧʨʦʚʦʜʠʣʘʩʴ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʦʡ ʜʦ 10 ʢɻʨ. ʇʦʪʨʝʙʣʝʥʠʝ 

ʪʘʢʦʡ ʨʘʜʠʘʮʠʦʥʥʦ-ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʠʱʠ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʤʫʪʘʮʠʷʤ, ʧʨʝʦʙʣʘʜʘʥʠʶ 

ʣʝʪʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʠʣʠ ʮʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤ 

ʥʘʨʫʰʝʥʠʷʤ.  

ʇʨʠ ʚʳʩʦʢʠʭ ʫʨʦʚʥʷʭ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʙʦʣʝʝ 25 ʢɻʨ) ʫ ʧʦʪʨʝʙʠʪʝʣʝʡ 

ʤʦʛʫʪ ʙʳʪʴ ʦʪʤʝʯʝʥʳ ʩʣʫʯʘʠ ʧʦʣʠʧʣʦʠʜʠʠ, 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ ʪʦʢʩʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ 

(ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʪʝʣʘ, ʠʟʤʝʥʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʚ ʢʨʦʚʠ ʠ ʧʝʯʝʥʠ ʠ 

ʜʨ.). ʇʦʵʪʦʤʫ ʩʚʝʜʝʥʠʷ ʦʙ ʦʙʨʘʙʦʪʢʝ 

ʧʨʦʜʫʢʮʠʠ ʚʳʩʦʢʠʤʠ ʜʦʟʘʤʠ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʥʳ ʥʘʧʨʘʚʣʷʪʴʩʷ ʚ ʦʙʲʝʜʠʥʝʥʥʳʡ 

ʢʦʤʠʪʝʪ ʌɸʆ/ʄɸɻɸʊʕ/ɺʆɿ [3-5].   

ʂ ʥʝʛʘʪʠʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʦʙʨʘʙʦʪʢʠ ʨʘʜʠʦʘʢʪʠʚʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 

ʦʪʥʦʩʠʪʩʷ ʧʦʷʚʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʜʨʫʛʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ ʚ ʧʠʱʝʚʦʡ ʩʠʩʪʝʤʝ, ʧʨʠʚʦʜʠʪʴ ʢ 

ʠʟʤʝʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

(ʚʢʫʩʘ, ʟʘʧʘʭʘ, ʢʦʥʩʠʩʪʝʥʮʠʠ, ʦʢʨʘʩʢʠ, 

ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʮʚʝʪʘ ʠ ʪ.ʜ.). ʊʘʢʞʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʟʘʭ ʚ ʦʙʣʫʯʝʥʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ ʣʠʧʠʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  ɺ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ ʚʦʟʤʦʞʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʨʝʜʫʮʠʨʫʶʱʠʤʠ ʫʛʣʝʚʦʜʘʤʠ ʠ 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

101 

 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʣʘʥʦʠʜʠʥʦʚ. 

ɺ ʀʌʍʕ ʈɸʅ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʦʙʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʨʠʠ ʩʧʠʨʪʦʚʳʭ 

ʵʢʩʪʨʘʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʤ 

ʧʫʯʢʦʤ ʥʘ ʙʘʟʝ ʫʩʢʦʨʠʪʝʣʷ ʋʕʃɺ-10-10-ʉ-70 

ʜʣʷ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦ ʧʦʜʘʚʣʷʝʪ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʨʠ ʜʦʟʝ 5 ʢɻʨ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʪʝʨʷʪʴ ʚʢʫʩʦʚʳʝ ʩʚʦʡʩʪʚʘ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ ʠ ʜʣʷ ʝʛʦ 

ʢʦʥʪʨʦʣʷ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʡ 

ʤʝʪʦʜ, ʧʨʠʤʝʥʝʥʥʳʡ ʢ ʦʙʣʫʯʝʥʠʶ 

ʚʦʜʦʨʦʩʣʝʡ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʘʥʘʣʠʟ ʨʘʟʣʠʯʠʡ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ [11-

15]. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʡ 

ʪʦʨʛʦʚʣʠ ʦʙʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʠʤʝʝʪ ʠʭ 

ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʙʣʫʯʝʥʥʦʩʪʠ [16]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʢʘʢ ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʳʨʴʷ, 

ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʦʟʤʦʞʥʳʭ. ʂʨʦʤʝ 

ʜʦʟʠʤʝʪʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʦʙʣʶʜʝʥʠʷ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʤʝʪʦʜʘʤʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʠʩʪʝʤʦʡ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; ʦʙʷʟʘʪʝʣʴʥʦʝ 

ʥʘʣʠʯʠʝ ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʨʘʜʠʘʮʠʦʥʥʦ-

ʦʙʨʘʙʦʪʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

ʧʨʘʚʠʣʴʥʘʷ ʤʘʨʢʠʨʦʚʢʘ [3-5].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤ ʢʦʥʪʨʦʣʷ 

ʦʙʣʫʯʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʪʣʘʞʝʥ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʜʣʷ ʦʙʣʫʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʜʦʣʞʥʦ 

ʚʢʣʶʯʘʪʴʩʷ ʧʨʦʚʝʜʝʥʠʝ ʤʝʜʠʢʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʩʪʛʝʥʦʤʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ; ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʦʙʣʫʯʝʥʥʳʭ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʠʭ ʧʠʱʝʚʦʡ 

ʮʝʥʥʦʩʪʠ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ 

ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʘ ʦʙʣʫʯʝʥʥʦʩʪʠ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ; ʫʪʚʝʨʞʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʦʚ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʣʫʯʝʥʥʦʡ 

ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ,  

ʧʨʘʚʠʣ ʠʭ ʫʧʘʢʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʤʘʨʢʠʨʦʚʢʠ, ʨʝʘʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʤʥʦʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʘʥʢʘ ʜʘʥʥʳʭ ʦ 

ʨʘʜʠʘʮʠʦʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ 

ʚʣʠʷʥʠʷ ʜʦʟ ʦʙʣʫʯʝʥʠʷ ʥʘ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ [5,16].  

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʨʘʟʚʠʪʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʝʪʦʜʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʦʙʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʨʦʢʦʚ ʭʨʘʥʝʥʠʷ, ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʠɦʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʙʦʣʝʝ ʫʩʧʝʰʥʦʛʦ 

ʩʦʭʨʘʥʝʥʠʷ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

(ʚʠʪʘʤʠʥʳ, ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʜʨ.). 

ʆʜʥʘʢʦ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʩʜʝʨʞʠʚʘʶʱʠʭ 

ʨʘʟʚʠʪʠʝ ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ ʙʘʟʳ. ɽʝ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦ 

ʩʬʝʨʘʤ ʧʨʠʤʝʥʝʥʠʷ ʦʥʘ ʚ ʦʩʥʦʚʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʞʜʫʥʘʨʦʜʥʦʡ, ʠʜʝʪ 

ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʥʦʚʳʭ 

ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ, ʥʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʤ 

ʥʦʨʤʠʨʦʚʘʥʠʠ ʝʱʝ ʥʝʦʙʭʦʜʠʤʘ ʨʘʟʨʘʙʦʪʢʘ 

ʨʷʜʘ ʩʪʘʥʜʘʨʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʪʘʥʜʘʨʪʳ, 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʫʯʝʥʠʷ 
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ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʫʣʴʪʫʨ ʠ ʚʠʜʦʚ ʧʨʦʜʫʢʮʠʠ; 

ʫʯʠʪʳʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʦʙʣʫʯʝʥʠʶ ʨʝʘʢʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʫʧʘʢʦʚʢʠ ʦʙʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢʞʝ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʠ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʥʠ 

ʢʘʜʨʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʆʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʨʝʙʫʶʪ 

ʚʦʧʨʦʩʳ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʪʘʥʠʷ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʦʣʫʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʡ ʠ 

ʩʦʭʨʘʥʠʚʰʝʡ ʧʠʱʝʚʫʶ ʮʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 

ʧʨʠ ʝʝ ʠʦʥʠʟʠʨʫʶʱʝʤ ʦʙʣʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʧʨʠ ʥʝʫʢʦʩʥʠʪʝʣʴʥʦʤ ʩʦʙʣʶʜʝʥʠʠ 

ʪʨʝʙʦʚʘʥʠʡ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ; 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʟ ʦʙʣʫʯʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʦʤʫ ʚʠʜʫ ʧʨʦʜʫʢʮʠʠ; 

ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ, ʫʯʝʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʟʥʠʢʘʶʱʠʭ 

ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʝʘʢʮʠʡ.  
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ʩʥʠʞʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 3õ5 ʢʇʘ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ  ʮʠʬʨʦʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ ʠʭ ʫʩʪʨʘʥʠʪʴ.   
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One of the most important factors affecting the milking process quality is to provide a stable vacuum-

gauge pressure in the milking machine according to the zoo-technical requirements. Compliance with this 
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condition ensures the quick and complete milking and reduces the risk of mastitis in cows. The required level 

of vacuum-gauge pressure is maintained by the trouble-free operation of all units and assemblies of the 

milking machine through systematic monitoring of the milking process with electronic data recorders. IEEP-

branch of FSAC VIM has designed a digital electronic vacuum-gauge pressure recorder for the milking 

machines. The recorder has two electronic sensors with indicators mounted on a handle, which is connected 

with the valve on both vacuum and milk lines of the milking machine, and an electronic registration unit with 

removable media that allows to record and computerize the received data. The recorder was tested on a dairy 

farm with 900 cows milked by ADM-8-200 milking machines. The study results on the farm showed that 

during the milking the vacuum-gauge pressure in certain sections of the vacuum and milk lines decreased by 

3 to 5 kPa from the standard. During the maintenance of milking equipment the digital electronic recorder 

allowed to identify malfunctions and timely eliminate them. 

 

Key words: cow, milking, milking unit, technical state, monitoring. 

 

For citation: Vtoryi V.F., Vtoryi S.V. Tests of operating modes of milking machines using a digital 

electronic recorder. Tekhnologii i tekhnicheskie sredstva mekhanizirovannogo proizvodstva produkcii 

rastenievodstva i zhivotnovodstva. 2019. 4(101): 106 - 113. (In Russian) 

 

ɺʚʝʜʝʥʠʝ 

ʂʦʨʦʚʴʝ ʤʦʣʦʢʦ ʠ ʧʨʦʠʟʚʦʜʥʳʝ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ. ʇʦʵʪʦʤʫ 

ʵʬʬʝʢʪʠʚʥʦʝ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 

ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʨʠ ʚʳʩʦʢʦʤ 

ʢʘʯʝʩʪʚʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 

ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ. 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʣʦʢʘ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʤ ʠ ʪʨʫʜʦʝʤʢʠʤ ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʜʦʝʥʠʷ ʢʦʨʦʚ. ʆʩʦʙʘʷ ʚʘʞʥʦʩʪʴ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʠ ʚ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ 

ʞʠʚʦʪʥʦʛʦ ʩ ʤʘʰʠʥʦʡ ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ 

ʚʳʟʳʚʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ ʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʘʩʪʠʪʦʤ.    

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʦʣʦʯʥʦʤ 

ʩʢʦʪʦʚʦʜʩʪʚʝ ʜʦ 1/3 ʢʦʨʦʚ ʚʳʙʨʘʢʦʚʳʚʘʝʪʩʷ  

ʠʟ-ʟʘ  ʟʘʙʦʣʝʚʘʥʠʷ ʤʘʩʪʠʪʦʤ [1] ʠ ʩʨʦʢ  

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ 

ʞʠʚʦʪʥʳʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 2,5 ï 3,0 ʣʘʢʪʘʮʠʠ.   

 ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ 

ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ, ʵʪʦ ʦʙʝʩʧʝʯʝʥʠʝ 

ʩʪʘʙʠʣʴʥʦʛʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ  ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ,  ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʜʦʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ. ʉʦʙʣʶʜʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʩʦʩʢʠ ʚʳʤʝʥʠ,  

ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʠ ʧʦʣʥʦʪʫ ʚʳʜʘʠʚʘʥʠʷ, 

ʩʥʠʞʘʝʪ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʞʠʚʦʪʥʳʭ.  [2]. 

  ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ 

ʦʧʨʝʜʝʣʷʝʤʦʝ, ʚ ʪ. ʯ.  ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʦʤʘʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʦʢʘʟʳʚʘʝʪ ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʦʨʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʠ ʧʨʦʮʝʩʩ 

ʜʦʝʥʠʷ [3]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʌ ʚ ʩʚʷʟʠ ʩ 

ʤʘʩʩʦʚʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʚʷʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʨʦʚ,  ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʦʡʣʘʭ ʩʦ ʩʙʦʨʦʤ ʤʦʣʦʢʘ ʚ 

ʧʝʨʝʥʦʩʥʳʝ ʚʝʜʨʘ (ʙʦʣʝʝ 45%) ʠʣʠ ʚ 

ʤʦʣʦʢʦʧʨʦʚʦʜ 42-45% ʠ ʪʦʣʴʢʦ ʚ 8-10% 

ʩʣʫʯʘʝʚ ʜʦʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʦʠʣʴʥʳʭ 

ʟʘʣʘʭ. [4].  ʇʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʣʦʢʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦʨʦʚ  ʧʨʠ ʩʥʠʞʝʥʠʠ 

ʧʦʛʦʣʦʚʴʷ  ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʦʣʥʫʶ ʨʝʘʣʠʟʘʮʠʶ 

ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. [5]. 

ʆʩʥʦʚʦʡ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʝʞʠʤʘ ʠ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ [6,7]. ɺ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ  ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ 

ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʚ ʩʠʩʪʝʤʝ 

ʚʘʢʫʫʤʧʨʦʚʦʜʘ ʚ 12%, ʤʦʣʦʢʦʧʨʦʚʦʜʘ 25%, 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ 21% ʩʣʫʯʘʝʚ [8], ʯʪʦ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʞʠʤʝ ʜʦʝʥʠʷ. 
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ʈʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ 

ʜʠʘʛʥʦʩʪʠʢʠ  ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʫʩʪʨʘʥʝʥʠʠ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ   ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ,  ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʪ  

ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʪʢʘʟʦʚ ʚ 2,2 - 3,0 ʨʘʟʘ, 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʥʘ 25 - 30 %, ʫʚʝ-

ʣʠʯʠʪʴ ʥʘʜʦʡ ʤʦʣʦʢʘ ʦʪ ʢʦʨʦʚʳ ʥʘ 15 - 18 % 

[9]. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦ ʨʘʟʨʘʙʦʪʢʘ 

ʮʠʬʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ 

ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ 

ʘʧʨʦʙʘʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʂʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʭ ʫʟʣʦʚ ʠ 

ʘʛʨʝʛʘʪʦʚ. ʇʨʠ ʧʘʜʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ, ʙʦʣʝʝ ʯʝʤ ʥʘ 20% ʦʪ 

ʧʘʩʧʦʨʪʥʦʡ,  ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ 

ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʦ 10-18 

ʢʇʘ ʚʤʝʩʪʦ 0,3-0,4 ʢʇʘ. ʊʘʢʠʝ ʥʘʨʫʰʝʥʠʷ 

ʨʝʞʠʤʘ ʜʦʝʥʠʷ ʚʳʟʳʚʘʶʪ ʪʦʨʤʦʞʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʤʦʣʦʢʦʦʪʜʘʯʠ,  ʧʦʪʝʨʶ  

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʞʠʨʥʦʩʪʠ ʤʦʣʦʢʘ [10]. 

ʏʪʦʙʳ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʠʪʴ 

ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʦʣʦʯʥʳʭ ʠ 

ʚʘʢʫʫʤʥʳʭ ʣʠʥʠʷʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, 

ʪʨʝʙʫʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ 

ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʢʫʱʠʭ  ʟʥʘʯʝʥʠʡ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʜʦʝʥʠʷ.  

ʈʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʚʘʢʫʫʤʘ ʠ ʧʨʦʚʝʨʢʠ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ  ʚʘʢʫʫʤʥʳʭ ʠ ʤʦʣʦʯʥʳʭ 

ʣʠʥʠʷʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɸɼʄ-8ɸ. 

ʋʩʪʨʦʡʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʩʪʨʝʣʦʯʥʦʛʦ 

ʚʘʢʫʫʤʤʝʪʨʘ, ʜʚʫʭ ʢʨʘʥʦʚ, ʨʫʯʢʠ ʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʨʘʙʦʯʝʛʦ ʚʘʢʫʫʤʘ 

ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʚ ʣʠʥʠʷʭ ʜʦʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ  ʙʝʟ ʠʭ ʨʘʟʙʦʨʢʠ. ɺʝʣʠʯʠʥʘ 

ʚʘʢʫʫʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ 

ʧʦʦʯʝʨʝʜʥʦ ʦʜʥʦʛʦ  ʠʟ ʢʨʘʥʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʘ ʩ 

ʦʜʥʦʡ ʠʟ ʤʘʛʠʩʪʨʘʣʝʡ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

[11]. ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʟʘʧʠʩʠ ʟʥʘʯʝʥʠʡ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʠ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʀɸʕʇ-ʬʠʣʠʘʣʝ ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

ʨʘʟʨʘʙʦʪʘʥ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʨʝʛʠʩʪʨʘʪʦʨ ʚʘʢʫʫʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

(ʜʘʣʝʝ ʨʝʛʠʩʪʨʘʪʦʨ) ʚ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ 

ʪʠʧʘ çʄʦʣʦʢʦʧʨʦʚʦʜè ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ 

ʨʠʩʫʥʢʝ 1,  ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ 2 ʵʣʝʢʪʨʦʥʥʳʭ 

ʜʘʪʯʠʢʘ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 

ʠʥʜʠʢʘʪʦʨʘʤʠ (1),  ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʨʫʯʢʝ 

(2) ʩʦʝʜʠʥʷʝʤʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʢʨʘʥʦʤ  

ʚʘʢʫʫʤʥʦʡ ʠ ʤʦʣʦʯʥʦʡ ʣʠʥʠʡ ʜʦʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ɼʘʪʯʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʩʦʝʜʠʥʝʥʳ 

ʩ ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʥʘ 

ʨʠʩʫʥʢʝ 2, ʠʤʝʶʱʠʤ ʧʘʤʷʪʴ ʜʣʷ ʟʘʧʠʩʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ  ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ 

çExʩelè. ʇʠʪʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ  

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 

12-24 ɺ. [12]. 

ʈʫʯʢʘ ʨʝʛʠʩʪʨʘʪʦʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʢʨʘʥʝ 

ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʝʜʠʥʷʷ 

ʵʣʝʢʪʨʦʥʥʳʝ ʜʘʪʯʠʢʠ ʚʘʢʫʫʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩ ʚʘʢʫʫʤʥʦʡ ʠ ʤʦʣʦʯʥʦʡ ʣʠʥʠʷʤʠ. 

ʅʘ ʪʘʙʣʦ ʜʘʪʯʠʢʦʚ ʧʦʷʚʣʷʶʪʩʷ ʪʝʢʫʱʠʝ 

ʟʥʘʯʝʥʠʷ ʚʘʢʫʫʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʣʠʥʠʷʭ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ 

ʜʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʟʘʧʠʩʳʚʘʶʪʩʷ ʥʘ ʩʲʝʤʥʳʡ ʥʦʩʠʪʝʣʴ,  ʜʘʣʝʝ  

ʧʝʨʝʥʦʩʷʪʩʷ ʥʘ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʦʙʨʘʙʦʪʢʠ, 

ʘʥʘʣʠʟʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʘ. 
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ʈʠʩ. 1. ʎʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ    ʨʝʛʠʩʪʨʘʪʦʨ 

1 ï ʜʘʪʯʠʢʠ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ   ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ, 2 - ʨʫʯʢʘ 

 

 
ʈʠʩ. 2. ʕʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ 

 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʥʘʤʠ ʮʠʬʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʛʠʩʪʨʘʪʦʨ ʠ ʤʝʪʦʜʠʢʘ 

ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʘʢʫʫʤʥʦ-

ʤʦʣʦʯʥʦʡ ʣʠʥʠʠ ʧʦʟʚʦʣʷʝʪ ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʪʝʢʫʱʫʶ ʚʝʣʠʯʠʥʫ  ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ,  ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʭʘʨʘʢʪʝʨ, 

ʯʘʩʪʦʪʫ ʝʛʦ ʠʟʤʝʥʝʥʠʷ ʟʘ ʚʝʩʴ ʧʨʦʮʝʩʩ 

ʜʦʝʥʠʷ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʠʣʠ ʪʘʙʣʠʯʥʦʤ ʚʠʜʝ  ʜʣʷ  

ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʛʠʩʪʨʘʪʦʨʘ 

ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʦʣʦʯʥʦ-

ʪʦʚʘʨʥʦʡ ʬʝʨʤʝ  ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ  

ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ.  ʇʦʛʦʣʦʚʴʝ 

ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ ʥʘ ʬʝʨʤʝ  ʦʢʦʣʦ 900 ʛʦʣʦʚ 

ʧʨʠ ʩʨʝʜʥʝʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʘ ʧʝʨʠʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 9500 ʢʛ ʤʦʣʦʢʘ ʥʘ ʢʦʨʦʚʫ ʚ 

ʛʦʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʘ ʧʨʠʚʷʟʠ ʚ 5 

ʢʦʨʦʚʥʠʢʘʭ.  ɼʦʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ  

ʜʦʠʣʴʥʳʭ  ʫʩʪʘʥʦʚʢʘʭ  ɸɼʄ-8-200 ʩ    

ʚʦʜʦʢʦʣʴʮʝʚʳʤʠ ʚʘʢʫʫʤʥʳʤʠ ʥʘʩʦʩʘʤʠ (ʨʠʩ. 

3)  ʠ  ʜʦʠʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ ʩ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ ʧʫʣʴʩʘʪʦʨʘʤʠ ʧʦʧʘʨʥʦʛʦ 

ʜʦʝʥʠʷ  L02 (ʨʠʩ. 4). ɼʦʠʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʦʩʥʘʱʝʥʳ ʩʠʩʪʝʤʦʡ ʧʨʦʤʳʚʢʠ, ʩʙʦʨʘ ʠ 

ʭʨʘʥʝʥʠʷ ʤʦʣʦʢʘ. ɽʞʝʜʥʝʚʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʪʝʢʫʱʠʡ ʨʝʤʦʥʪ ʜʦʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʞʝʥʝʨʥʦʡ 

ʩʣʫʞʙʦʡ ʭʦʟʷʡʩʪʚʘ ʠ ʩʣʝʩʘʨʷʤʠ ʬʝʨʤʳ.  

 

 
ʈʠʩ.  3. ɺʘʢʫʫʤʥʳʝ ʥʘʩʦʩʳ 

 
ʈʠʩ. 4. ɼʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

 

ʄʝʪʦʜʠʢʦʡ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʠʟʤʝʨʝʥʠʷ 

ʨʝʛʠʩʪʨʘʪʦʨʦʤ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ  ʚ 8-ʤʠ ʪʦʯʢʘʭ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ 

ʚʘʢʫʫʤʥʦ-ʤʦʣʦʯʥʳʭ ʣʠʥʠʡ ʜʦʠʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 5) ʩ  ʟʘʧʠʩʴʶ ʠ ʜʘʣʴʥʝʡʰʠʤ 

ʘʥʘʣʠʟʦʤ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʛʨʘʬʠʢʦʚ ʫʨʦʚʥʷ 

ʚʘʢʫʫʤʘ. 
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ʈʠʩ. 5. ʆʙʱʘʷ ʩʭʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʬʝʨʤʳ. 

1-8 ʪʦʯʢʠ ʧʦʜʢʣʶʯʝʥʠʷ ʨʝʛʠʩʪʨʘʪʦʨʘ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ (ʨʠʩ. 5)  

ʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʨʘʙʦʯʝʛʦ (ʚ ʧʨʦʮʝʩʩʝ 

ʜʦʡʢʠ) ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʚʘʢʫʫʤʥʳʭ ʠ ʤʦʣʦʯʥʳʭ ʣʠʥʠʷʭ ʜʦʠʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ. ʅʘ ʨʠʩʫʥʢʘʭ 6 ʠ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʨʦʚʥʠ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ  

ʣʠʥʠʷʭ ˉ1 ʠ ˉ2  ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʢʦʨʦʚʥʠʢʘ ˉ1,  ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ 8-ʤʠ 

ʪʦʯʢʘʭ.  

ʈʘʙʦʯʝʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʣʠʥʠʷʭ ˉ1 ʠ ˉ2 ʢʦʨʦʚʥʠʢʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ  ʫʨʦʚʥʝ. ʅʠʞʥʠʤ ʧʨʝʜʝʣʦʤ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʦʝʥʠʷ ʧʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ 36 ʢʇʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʤʦʣʦʯʥʳʭ 

ʣʠʥʠʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʦ 38,5 ʢʇʘ ʠ 

ʧʨʠ ʤʘʣʝʡʰʝʤ ʧʦʜʩʦʩʝ ʚʦʟʜʫʭʘ ʚ ʩʠʩʪʝʤʫ 

(ʦʜʝʚʘʥʠʝ ʠʣʠ ʩʥʷʪʠʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ) 

ʧʦʜʢʣʶʯʝʥʥʳʝ ʘʧʧʘʨʘʪʳ ʩʧʘʜʘʶʪ ʩ ʚʳʤʝʥʠ 

ʢʦʨʦʚ, ʯʪʦ ʦʪʤʝʯʘʝʪʩʷ ʦʙʩʣʫʞʠʚʘʶʱʠʤ 

ʧʝʨʩʦʥʘʣʦʤ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʥʠʟʢʦʝ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʝ 

ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʚʘʢʫʫʤʥʳʭ ʥʘʩʦʩʦʚ. ɺ 

ʥʦʨʤʘʣʴʥʦ ʨʘʙʦʪʘʶʱʝʡ ʜʦʠʣʴʥʦʡ ʩʠʩʪʝʤʝ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʜʣʷ ɸɼʄ-8 

ʜʦʣʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ 47Ñ1 ʢʇʘ 

(ʥʘ ʤʘʥʦʤʝʪʨʝ ʚ ʚʘʢʫʫʤʥʦʡ) ʧʦʩʪʦʷʥʥʦ ʥʝ 

ʟʘʚʠʩʠʤʦ ʦʪ ʯʠʩʣʘ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʦʩʢʝ ʢʦʨʦʚʳ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 42-45 ʢʇʘ. ɸʤʧʣʠʪʫʜʘ ʠʟʤʝʥʝʥʠʷ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦ ʜʣʠʥʝ 

ʚʘʢʫʫʤʥʳʭ ʠ ʤʦʣʦʯʥʳʭ ʣʠʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ.  ɺ ʣʠʥʠʠ ˉ1 ʚ  

ʚʘʢʫʫʤʧʨʦʚʦʜʝ 40,7 Ñ0,5 ʢʇʘ, ʚ 

ʤʦʣʦʢʦʧʨʦʚʦʜʝ 39,8Ñ0,5 ʢʇʘ. ɺ ʣʠʥʠʠ ˉ2 ʚ 

ʚʘʢʫʫʤʧʨʦʚʦʜʝ 41,0Ñ1,0 ʢʇʘ, ʚ 

ʤʦʣʦʢʦʧʨʦʚʦʜʝ 39,9 Ñ1,2 ʢʇʘ.   

 
ʈʠʩ. 6 . ʋʨʦʚʝʥʴ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʣʠʥʠʠ ˉ1 

1 - ʚʘʢʫʫʤʥʘʷ ʣʠʥʠʷ; 2 ï ʤʦʣʦʯʥʘʷ ʣʠʥʠʷ 

 

 
ʈʠʩ. 7.  ʋʨʦʚʝʥʴ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʣʠʥʠʠ ˉ2 

1 - ʚʘʢʫʫʤʥʘʷ ʣʠʥʠʷ; 2 ï ʤʦʣʦʯʥʘʷ ʣʠʥʠʷ 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝʤʦʡ (ʨʠʩ. 5) 

ʧʨʦʠʟʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʚʘʢʫʫʤʥʳʭ ʠ ʤʦʣʦʯʥʳʭ ʣʠʥʠʷʭ 

ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʜʨʫʛʠʭ ʢʦʨʦʚʥʠʢʘʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 

ʢʦʨʦʚʥʠʢʘ ˉ3  ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ 

(ʨʠʩ. 8). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ ʣʠʥʠʷʭ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ 44-47 ʢʇʘ. 

ʆʜʥʘʢʦ  ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʚʘʢʫʫʤʘ ʚ ʪʨʝʭ ʪʦʯʢʘʭ ʜʦ 33-34 ʢʇʘ. ʇʨʠ 

ʧʦʚʪʦʨʥʦʤ ʟʘʤʝʨʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʪʠʭ ʪʦʯʢʘʭ 

ʯʝʨʝʟ 15-20 ʤʠʥʫʪ  ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ 
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ʜʘʚʣʝʥʠʝ ʙʳʣʦ 47-48 ʢʇʘ. ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʙʳʣʦ ʚʳʟʚʘʥʦ 

ʛʨʫʙʳʤ ʥʘʨʫʰʝʥʠʝʤ ʧʨʘʚʠʣ ʜʦʝʥʠʷ, 

ʩʦʟʥʘʪʝʣʴʥʳʤ ʥʝ ʦʪʢʣʶʯʝʥʠʝʤ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ  ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʜʦʝʥʠʷ ʠ ʩʥʷʪʠʷ ʩ  

ʚʳʤʝʥʠ ʢʦʨʦʚʳ. ʅʦ ʵʪʦ ʥʝʜʦʧʫʩʪʠʤʦ, ʪʘʢ ʢʘʢ 

ʥʘʨʫʰʘʝʪ ʨʝʞʠʤ ʜʦʝʥʠʷ, ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ 

ʤʦʣʦʢʘ  ʠʟ-ʟʘ ʧʦʜʩʦʩʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ 

ʠʟ ʢʦʨʦʚʥʠʢʘ. 

 
ʈʠʩ. 8. ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ 

1 - ʚʘʢʫʫʤʥʘʷ ʣʠʥʠʷ; 2 ï ʤʦʣʦʯʥʘʷ ʣʠʥʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʂʚʘʰʝʥʥʠʢʦʚʘ ɺ.ʀ. 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ  

ʠʤʝʶʱʝʡ  6  ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʦʜʥʦʚʨʝʤʝʥʥʦ  ʨʘʙʦʪʘʶʪ:  2 ʜʦʠʣʴʥʳʭ 

ʘʧʧʘʨʘʪʘ  30%,  4 ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʘ 66% , 6 

ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 4% ʚʨʝʤʝʥʠ ʜʦʝʥʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ ʥʘ ʧʦʣʥʫʶ 

ʤʦʱʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʟʘʛʨʫʞʝʥ.  

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʘʢʫʫʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʚʘʢʫʫʤʥʦʡ ʣʠʥʠʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ 

ʨʠʩʫʥʢʝ 9, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʫʨʦʚʝʥʴ 

ʚʘʢʫʫʤʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʪʝʤ ʩʘʤʳʤ 

ʠʟʤʝʥʷʝʪʩʷ ʨʝʞʠʤ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʮʝʩʩʘ 

ʜʦʝʥʠʷ.  

ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʚ ʚʘʢʫʫʤʥʦʡ ʣʠʥʠʠ 

ʠʤʝʶʪʩʷ ʥʝʠʩʧʨʘʚʥʳʝ ʢʨʘʥʳ ʧʦʜʢʣʶʯʝʥʠʷ 

ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʙʦʣʴʰʦʡ ʧʦʜʩʦʩ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ  ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʚʘʢʫʫʤʥʦʛʦ ʥʘʩʦʩʘ.   

 
ʈʠʩ. 9. ɿʘʚʠʩʠʤʦʩʪʴ ʫʨʦʚʥʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

 

ʂʦʣʝʙʘʥʠʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʦʪ 41 ʜʦ 49 ʢʇʘ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ 

ʤʦʣʦʢʦʦʪʜʘʯʠ ʢʦʨʦʚ. ʅʝʦʙʭʦʜʠʤʦ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʣʶʙʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʦʜʢʣʶʯʝʥʥʳʭ ʜʦʠʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ.  

ɺʳʚʦʜʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʮʠʬʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʨʝʛʠʩʪʨʘʪʦʨ ʚʘʢʫʫʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ,  ʩʦʜʝʨʞʘʱʠʡ 2 

ʵʣʝʢʪʨʦʥʥʳʭ ʜʘʪʯʠʢʘ  ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʚ ʚʘʢʫʫʤʥʦʡ ʠ ʤʦʣʦʯʥʦʡ ʣʠʥʠʷʭ  

ʩ ʟʘʧʠʩʴʶ ʜʘʥʥʳʭ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ 

ʨʝʛʠʩʪʨʘʮʠʠ  ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʠʭ 

ʦʙʨʘʙʦʪʢʠ. 

2. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʦʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʠʩʪʨʘʪʦʨʘ, ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ,  ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ  ʥʘ ʫʩʪʘʥʦʚʢʘʭ ɸɼʄ-8ɸ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʨʷʜ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʥʘʨʫʰʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʦʚʝʨʰʘʝʤʳʭ ʧʝʨʩʦʥʘʣʦʤ. ʅʝʜʦʩʪʘʪʦʯʥʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʘʢʫʫʤʥʳʭ ʥʘʩʦʩʦʚ, 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʩʧʨʘʚʥʳʭ 

ʢʨʘʥʦʚ, ʪʨʝʱʠʥ ʠ ʨʘʟʨʳʚʦʚ ʚ ʚʘʢʫʫʤʥʳʭ ʠ 

ʤʦʣʦʯʥʳʭ ʰʣʘʥʛʘʭ, ʧʦ ʦʢʦʥʯʘʥʠʠ ʜʦʡʢʠ  

ʩʥʷʪʳʝ ʩ ʚʳʤʝʥʠ ʜ ʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

ʧʝʨʩʦʥʘʣʦʤ  ʥʝ ʦʪʢʣʶʯʘʶʪʩʷ, ʯʪʦ  ʚʳʟʳʚʘʝʪ 
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ʧʘʜʝʥʠʝ ʚʘʢʫʫʤʘ ʚ ʩʠʩʪʝʤʝ ʥʘ 3õ5 ʢʇʘ ʠ 

ʙʦʣʝʝ,  ʩʥʠʞʘʝʪ ʢʘʯʝʩʪʚʦ ʤʦʣʦʢʘ ʚʩʣʝʜʩʪʚʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʩʦʩʘ ʟʘʛʨʷʟʥʝʥʥʦʛʦ 

ʚʦʟʜʫʭʘ ʬʝʨʤʳ.   
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ʢʦʨʦʚʥʠʢʘ  ʩʦʩʪʘʚʠʣ ʜʦ +4,6Áʉ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʜʦ 15,1%, ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

ʙʦʣʝʝ 350 ppm ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 6 ʯʘʩʦʚ ʤʝʞʜʫ ʟʘʤʝʨʘʤʠ. ʇʝʨʚʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ 0,20 ʤ/ʩ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʝʞʠʤʘ ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ 

ʢʦʨʦʚʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʥʘ ʧʨʠʚʦʜ ʩʦʩʪʘʚʠʪ 20 ɺʪ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʨʦʚʥʠʢ, ʤʠʢʨʦʢʣʠʤʘʪ, ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ, ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ. 

 

ɼʣʷ ʮʠʪʠʨʦʚʘʥʠʷ: ɺʪʦʨʳʡ ɺ.ʌ., ɺʪʦʨʳʡ ʉ.ɺ., ʀʣʴʠʥ ʈ.ʄ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʤʦʙʠʣʴʥʘʷ 
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Inside climate control, the creation of comfortable conditions for cattle, in particular, is currently 

impossible without the automated systems. They will make it possible to optimally operate all the equipment 

involved in the process with a significant reduction in energy resources, operating and labor inputs. A mobile 

laboratory setup was designed to check out the microclimate parameters at local points. It consisted of a 
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carrier trolley moving along a monorail with a recording unit of microclimate variables. The study objective 

was a closer definition of the parameters and operating modes of a mobile automated control system with a 

registration unit. Usually, all regulated inside climate parameters are distributed unevenly across the cow 

barn area: in one part of the barn they are in line with the standards, and in another ï they can significantly 

exceed the maximum permissible zoo-technical indicator. The temperature difference in the four zones of the 

barn amounted to + 4.6 Á C, relative humidity ï up to 15.1%, carbon dioxide concentration ï of above 350 

ppm during the day, with the measurement interval being 6 hours. Initial studies of the mobile system 

showed that speed of 0.20 m/s would be enough for the travelling across the barn, with the drive power being 

20 watts. 

 

Key words: cow barn, microclimate, monitoring system, registration unit, temperature, relative 

humidity. 
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ɺʚʝʜʝʥʠʝ  

ʋʧʨʘʚʣʝʥʠʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʥʠʝʤ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ,  ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ  ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ. ʆʥʠ ʧʦʟʚʦʣʷʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʫ ʚʩʝʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʦʚʣʝʯʝʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩ  ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʠ ʪʨʫʜʦʟʘʪʨʘʪ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʦʭʚʘʪʳʚʘʶʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʪʨʦʣʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ,  ʥʝ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʢʦʨʦʚʥʠʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʫʯʘʩʪʚʫʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʘ. ɸʥʘʣʠʟ ʪʘʢʠʭ ʨʘʟʨʘʙʦʪʦʢ 

ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʩʠʩʪʝʤ [1,2,3]. 

ʊʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʝ ʨʝʞʠʤʳ 

ʢʦʨʦʚʥʠʢʘ - ʩʣʦʞʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʦʩʪʦʷʥʥʦʡ ʜʠʥʘʤʠʢʝ ʠ  

ʤʝʥʷʶʱʠʝʩʷ  ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʛʦʜʥʳʭ 

ʷʚʣʝʥʠʡ, ʪʝʭʥʦʣʦʛʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. 

ʆʜʥʘ ʠʟ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʠʩʪʝʤ - ʵʪʦ ʠʩʢʣʶʯʝʥʠʝ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚ 

ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʤʠ ʨʝʞʠʤʘʤʠ 

ʢʦʨʦʚʥʠʢʘ. 

ʆʩʥʦʚʥʳʤʠ ʥʦʨʤʠʨʫʝʤʳʤʠ 

ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʘ,  ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ, 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʛʘʟʦʚ (ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʘ), ʘ ʪʘʢ ʞʝ ʦʩʚʝʱʝʥʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʧʳʣʠ ʚ ʚʦʟʜʫʭʝ ʧʦʤʝʱʝʥʠʷ. ɸʣʛʦʨʠʪʤʳ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ  ʜʦʣʞʥʳ ʯʝʪʢʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʚʥʫʪʨʝʥʥʠʭ 

ʬʘʢʪʦʨʦʚ  ʚ ʧʦʤʝʱʝʥʠʠ, ʘ ʧʨʦʮʝʩʩʳ 

ʠʥʪʝʣʣʝʢʪʫʘʣʠʟʘʮʠʠ ʜʦʣʞʥʳ ʧʨʦʩʯʠʪʳʚʘʪʴ 

ʚʘʨʠʘʥʪʳ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʧʦʛʦʜʥʳʭ 

ʷʚʣʝʥʠʡ ʠ ʧʨ.), ʘ ʪʘʢ ʞʝ  ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʦ 

ʚʦʟʤʦʞʥʳʭ ʥʘʨʫʰʝʥʠʷʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ [1,2].  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʤʦʙʠʣʴʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʩ ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ  

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʚ ʣʦʢʘʣʴʥʳʭ ʪʦʯʢʘʭ ʥʘʤʠ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʤʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ [4],  ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʥʘ 

ʩʦʩʪʦʠʪ ʠʟ ʪʝʣʝʞʢʠ-ʥʦʩʠʪʝʣʷ 1 ʩ ʙʣʦʢʦʤ 

ʨʝʛʠʩʪʨʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ 2 

ʧʝʨʝʤʝʱʘʶʱʝʛʦʩʷ ʧʦ ʤʦʥʦʨʝʣʴʩʫ 3. 
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ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʧʦʢʘʟʘʥʠʡ ʤʠʢʨʦʢʣʠʤʘʪʘ  ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ 

ʢʦʨʦʚʥʠʢʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʜʘʪʯʠʢʦʚ [1]. 

 
ʈʠʩ.  1.  ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʤʦʙʠʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ 

ʤʠʢʨʦʢʣʠʤʘʪʘ ʢʦʨʦʚʥʠʢʘ: 

1 ï ʪʝʣʝʞʢʘ-ʥʦʩʠʪʝʣʴ; 2 ï ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ; 3 ï ʤʦʥʦʨʝʣʴʩ;  

4 ï ʧʝʨʝʜʘʪʯʠʢ ʜʘʥʥʳʭ;  5 ï ʫʟʝʣ ʟʘʨʷʜʢʠ;  

6 ï ʧʨʠʸʤʥʠʢ ʜʘʥʥʳʭ;7 ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʢʣʠʤʘʪʦʤ; 8 ï ʧʘʥʝʣʴ ʦʧʝʨʘʪʦʨʘ;   

9 ï ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʩʪʝʤʳ 

ʤʠʢʨʦʢʣʠʤʘʪʘ; 10 - ʧʦʩʪ ʟʘʨʷʜʢʠ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. ʊʝʣʝʞʢʘ-

ʥʦʩʠʪʝʣʴ 1 ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʤʦʥʦʨʝʣʴʩʫ 3, ʠ 

ʚ ʤʝʩʪʘʭ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʦʛʨʘʤʤʦʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʪʘʥʦʚʢʘ.  ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʚʳʜʝʨʞʢʘ ʧʦ 

ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ  

ʜʘʪʯʠʢʦʚ ʙʣʦʢʘ ʨʝʛʠʩʪʨʘʮʠʠ 2, ʵʪʦ ʚʨʝʤʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʜʘʪʯʠʢʦʚ. ʇʦʩʣʝ ʚʳʜʝʨʞʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʦʯʝʨʝʜʥʳʡ ʦʧʨʦʩ ʢʘʞʜʦʛʦ  

ʜʘʪʯʠʢʘ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʤʘʩʩʠʚ ʠ ʧʝʨʝʜʘʪʯʠʢʦʤ 4 

ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʨʠʸʤʥʠʢ ʜʘʥʥʳʭ 5 ʠ ʜʘʣʝʝ ʚ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ 7, ʚ 

ʢʦʪʦʨʦʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʢʦʤʘʥʜʳ ʜʣʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 9.   

ɺ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʧʘʥʝʣʠ 

ʦʧʝʨʘʪʦʨʘ 8.  ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʟʘʨʷʜʝ 

ʘʢʢʫʤʫʣʷʪʦʨʘ,  ʪʝʣʝʞʢʘ ʩʣʝʜʫʝʪ ʚ ʪʦʯʢʫ 

ʧʦʜʟʘʨʷʜʢʠ ʙʘʪʘʨʝʠ, ʛʜʝ ʯʝʨʝʟ ʫʟʝʣ ʟʘʨʷʜʢʠ 5 

ʩʦʝʜʠʥʷʝʪʩʷ ʩ ʧʦʩʪʦʤ ʟʘʨʷʜʢʠ 10.   

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʛʦʪʦʚʣʝʥʘ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 2), ʦʥʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʥʦʨʝʣʴʩ 2 ʠ ʪʝʣʝʞʢʫ 

ʥʦʩʠʪʝʣʴ 1 ʩ ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ 4. 

ʄʦʥʦʨʝʣʴʩ 2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʘʣʴʥʫʶ 

ʪʨʫʙʫ ʜʠʘʤʝʪʨʦʤ 21,5 ʤʤ ʠ ʦʙʱʝʡ ʜʣʠʥʥʦʡ 

4,5 ʤ, ʢʦʪʦʨʳʡ ʢʨʝʧʠʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʦʧʦʨʳ.  

ʇʨʠʚʦʜ ʪʝʣʝʞʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ  

ʤʦʪʦʨʘ-ʨʝʜʫʢʪʦʨʘ 3 ʩ  ʥʘʧʨʷʞʝʥʠʝʤ ʧʠʪʘʥʠʷ 

12 ɺ, ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ 25-30 ɺʪ, ʧʨʠ 

ʥʦʤʠʥʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʚʘʣʘ 65 ʦʙ/ʤʠʥ.   

 
ʈʠʩ. 2. ʆʙʱʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

1 ï ʪʝʣʝʞʢʘ-ʥʦʩʠʪʝʣʴ; 2 ï ʤʦʥʦʨʝʣʴʩ;  

3 ï ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨ; 4 - ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ;  

5 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʚʦʜʦʤ ʩ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ. 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʨʝʛʠʩʪʨʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ  ʜʚʫʭ ʜʘʪʯʠʢʦʚ:  ɸʄ2320  

ʪʝʤʧʝʨʘʪʫʨʘ (ʦʪ -40 ʜʦ +80ÁC) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ (ʦʪ 0 ʜʦ 100%) ʠ 

ʩʝʥʩʦʨʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ MH-Z14a (ʦʪ 0 ʜʦ 

5000 ppm), ʘ ʪʘʢ ʞʝ ʨʝʛʠʩʪʨʘʪʦʨʘ-ʘʨʭʠʚʘʪʦʨʘ 

ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Atmel 328. 

ʋʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʦʛʨʘʤʤʝ, 

ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʭʨʘʥʷʶʪʩʷ ʥʘ SD 

ʢʘʨʪʫ. ʇʠʪʘʥʠʝ ʙʣʦʢʦʚ ʨʝʛʠʩʪʨʘʮʠʠ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪ ʦʙʱʝʛʦ 

ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 12 ɺ [5].    

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʥʦʨʤʠʨʫʝʤʳʝ 

ʬʘʢʪʦʨʳ ʚ ʧʦʤʝʱʝʥʠʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʣʦʱʘʜʠ, ʚ ʦʜʥʦʡ ʯʘʩʪʠ 

ʢʦʨʦʚʥʠʢʘ ʠʭ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʘʤ, ʘ ʚ ʜʨʫʛʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ. ʇʨʠʤʝʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʘʭ 3-5.  

ɼʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ  

ʢʦʨʦʚʥʠʢʝ, ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʥʦʤ ʥʘ 4 ʟʦʥʳ, ʚ 

ʢʦʪʦʨʳʭ  ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʣʦʢʘ ʨʝʛʠʩʪʨʘʮʠʠ 4 

ʨʠʩʫʥʦʢ 2. 

 
ɿʦʥʳ ʟʘʤʝʨʘ 

ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʪʝʤʧʝʨʘʪʫʨʳ 

ʚ ʢʦʨʦʚʥʠʢʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

 
ɿʦʥʳ ʟʘʤʝʨʘ 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚ ʢʦʨʦʚʥʠʢʝ ʚ 

ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

 
ɿʦʥʳ ʟʘʤʝʨʘ 

ʈʠʩ. 5. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʢʦʨʦʚʥʠʢʝ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ ʚ 4 ʟʦʥʘʭ 

ʢʦʨʦʚʥʠʢʘ ʟʘ ʩʫʪʢʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʰʝʩʪʴ 

ʯʘʩʦʚ. ʇʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ ʧʦ ʟʦʥʘʤ ʟʘʤʝʨʘ 

ʚʥʫʪʨʠ ʢʦʨʦʚʥʠʢʘ ʩʦʩʪʘʚʠʣʘ ʜʦ +4,6Áʉ.  

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʟʘʤʝʨʦʚ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 

ʚ ʢʦʨʦʚʥʠʢʝ,  ʢʦʪʦʨʘʷ  ʠʟʤʝʥʷʣʘʩʴ ʟʘ ʚʝʩʴ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 45,9% ʜʦ  

100%,  ʧʨʠ ʥʦʨʤʝ 40-75% [6,7].  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ ʚʥʫʪʨʠ 

ʧʦʤʝʱʝʥʠʷ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʤʝʩʪʥʦ, 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʦʤ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ 

ʨʦʩʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʥʫʪʨʠ 

ʢʦʨʦʚʥʠʢʘ, ʩʥʠʞʘʝʪʩʷ ʛʨʘʥʠʮʘ ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʘʤʦʯʫʚʩʪʚʠʷ ʞʠʚʦʪʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ.  ʊʘʢ, ʢ ʧʨʠʤʝʨʫ, ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 60% ʚʝʨʭʥʝʝ 

ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʦʪʤʝʪʢʝ 28Áʉ, ʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ  

ʚʣʘʞʥʦʩʪʠ 80%  ʛʨʘʥʠʯʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʥʠʞʘʝʪʩʷ ʜʦ 23Áʉ [8].   

ʈʘʟʥʠʮʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 

(ʨʠʩ. 5) ʚ ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʢʦʨʦʚʥʠʢʘ  

ʢʦʣʝʙʣʝʪʩʷ ʥʘ 250-400 ppm,  ʧʨʠ ʵʪʦʤ ʟʘ 

ʩʫʪʢʠ ʠʟʤʝʨʝʥʠʡ ʝʝ ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 399 ʜʦ 1285 ppm.  

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ 

ʥʦʯʥʦʝ ʚʨʝʤʷ ʦʙʫʩʣʦʚʣʝʥʦ ʧʣʦʭʦʡ ʩʠʩʪʝʤʦʡ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʧʨʝʢʨʘʱʝʥʠʶ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʭʘ  ʯʝʨʝʟ ʚʦʨʦʪʘ ʠ ʦʢʥʘ ʢʦʨʦʚʥʠʢʘ, 

ʢʦʪʦʨʳʝ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʦʪʢʨʳʪʳ. 

ʋʧʨʘʚʣʷʪʴ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʢʨʦʢʣʠʤʘʪʘ 

ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʨʢʫʣʷʮʠʠ 

ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ, ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʷʪʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʦʪʦʧʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ ʪʦʯʝʢ 

ʫʧʨʘʚʣʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʤʠʢʨʦʢʣʠʤʘʪ ʪʦʣʴʢʦ ʚ ʪʦʡ ʪʦʯʢʝ, ʛʜʝ ʝʩʪʴ 

ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ 

ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʤʦʱʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ  
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ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʭʦʜʫʝʤʦʡ ʵʥʝʨʛʠʠ ʥʘ 

ʧʨʦʮʝʩʩʳ [3,9]. 

ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ, 

ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ  

[10], ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ   ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʨʝʞʠʤʦʚ ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ 

ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ: ʝʤʢʦʩʪʴ 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʤʠʥʠʤʘʣʴʥʳʡ 

ʟʘʨʷʜ  ʙʘʪʘʨʝʠ, ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

ʧʦ ʧʨʷʤʦʡ ʠ ʥʘ ʧʦʜʲʝʤ,  ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʛʣʳ 

ʥʘʢʣʦʥʘ ʤʦʥʦʨʝʣʴʩʘ, ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ, ʘ ʪʘʢ ʞʝ, ʫʩʪʘʥʦʚʠʪʴ   ʩʨʝʜʥʝʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʟʘʤʝʨʘ, ʚʳʜʝʨʞʢʫ 

ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 

ʜʘʪʯʠʢʦʚ, ʚʨʝʤʷ ʥʘ ʦʜʠʥ ʟʘʤʝʨ ʠ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʤʝʨʦʚ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. 

ʇʝʨʚʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʤʘʩʩʝ ʪʝʣʝʞʢʠ-ʥʦʩʠʪʝʣʷ ʩ ʙʣʦʢʦʤ 

ʨʝʛʠʩʪʨʘʮʠʠ 3,12-4,92 ʢʛ,  ʫʛʣʝ ʥʘʢʣʦʥʘ 

ʤʦʥʦʨʝʣʴʩʘ 0
0
 ʠ ʟʘʨʷʜʝ ʘʢʢʫʤʫʣʷʪʦʨʘ 11,5-

12,5 ɺ, ʩʢʦʨʦʩʪʴ ʪʝʣʝʞʢʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ 0,190-0,213 ʤ/ʩ (ʨʠʩʫʥʦʢ 6). ʇʨʠ 

ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʥʘ ʧʨʠʚʦʜ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʩʦʩʪʘʚʠʣʘ ʦʪ 18 ʜʦ 21 ɺʪ. 

 
ʈʠʩ. 6 .ɺʣʠʷʥʠʝ ʤʘʩʩʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʥʘʧʨʷʞʝʥʠʷ 

ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

 

ʇʨʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ 0,2 ʤ/ʩ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʝʦʜʦʣʝʝʪ ʨʷʜ ʩʪʦʠʣ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ  50 

ʢʦʨʦʚ ʧʨʠʚʷʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʜʣʠʥʦʡ ʚ 60 

ʤʝʪʨʦʚ (ʰʠʨʠʥʘ ʩʪʦʡʣʘ 1,2 ʤʝʪʨʘ) ʟʘ 5 

ʤʠʥʫʪ, ʯʪʦ ʥʘ ʥʘʰ ʚʟʛʣʷʜ ʙʦʣʝʝ ʯʝʤ 

ʜʦʩʪʘʪʦʯʥʦ. ʊʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʝʙʘʥʠʝ ʤʘʩʩʳ ʫʩʪʨʦʡʩʪʚʘ, 

ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʙʣʦʢʦʤ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʪʘ ʠʟ 3-

ʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʝʤʢʦʩʪʴʶ ʧʦ 2,2 ɸĿʯ ʠ 

ʤʘʩʩʦʡ 0,91 ʢʛ ʢʘʞʜʳʡ.  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʙʦʣʝʝ ʰʠʨʦʢʦ ʜʘʥʥʫʶ 

ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ  ʵʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʘʷ  ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ 

ʢʦʨʦʚʥʠʢʝ.  ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʝʝ ʚ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ ʧʦʤʝʱʝʥʠʠ ʦʥʘ ʤʦʛʣʘ ʙʳ  

ʚʟʷʪʴ ʥʘ ʩʝʙʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʪʘʢʠʝ ʬʫʥʢʮʠʠ 

ʢʘʢ: ʙʝʟʦʧʘʩʥʦʩʪʴ (ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʝ), 

ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦʤʝʱʝʥʠʷ 

(ʣʶʢʩʤʝʪʨ), ʜʠʘʛʥʦʩʪʠʢʘ  ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʞʠʚʦʪʥʳʭ (ʠʥʬʨʘʢʨʘʩʥʳʡ 

ʪʝʨʤʦʤʝʪʨ), ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʢʦʨʤʣʝʥʠʷ 

(ʩʣʝʞʝʥʠʝ ʟʘ ʢʦʨʤʦʚʳʤ ʩʪʦʣʦʤ), ʫʙʦʨʢʠ 

ʥʘʚʦʟʘ (ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʩʪʦʡʣ ʠ 

ʥʘʚʦʟʥʳʭ ʢʘʥʘʣʦʚ) ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ [10,11].  

ɺʳʚʦʜʳ 

1. ɺʩʝ ʥʦʨʤʠʨʫʝʤʳʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʚ ʧʦʤʝʱʝʥʠʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʧʣʦʱʘʜʠ, ʚ ʦʜʥʦʡ ʯʘʩʪʠ 

ʢʦʨʦʚʥʠʢʘ ʠʭ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʦʨʤʘʪʠʚʘʤ, ʘ ʚ ʜʨʫʛʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʳʡ ʟʦʦʪʝʭʥʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ. ʊʘʢ 

ʧʝʨʝʧʘʜ ʟʥʘʯʝʥʠʡ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 4 ʟʦʥʘʭ 

ʟʘʤʝʨʘ ʢʦʨʦʚʥʠʢʘ, ʟʘ ʦʪʜʝʣʴʥʦʝ ʠʟʤʝʨʝʥʠʝ,  

ʩʦʩʪʘʚʠʣ ʜʦ +4,6Áʉ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʚʣʘʞʥʦʩʪʠ ʜʦ 15,1%, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʙʦʣʝʝ 350 ppm ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ. 

2. ʇʝʨʚʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʡ 

ʩʠʩʪʝʤʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ 0,20 ʤ/ʩ 

ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʨʝʞʠʤʘ ʧʝʨʝʤʝʱʝʥʠʷ 

ʚʜʦʣʴ ʢʦʨʦʚʥʠʢʘ, ʧʨʠ ʵʪʦʤ ʤʦʱʥʦʩʪʴ ʥʘ 

ʧʨʠʚʦʜ ʩʦʩʪʘʚʠʪ 20 ɺʪ. ʅʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʛʣʝ ʥʘʢʣʦʥʘ ʤʦʥʦʨʝʣʴʩʘ 

ʨʘʚʥʦʤʫ 0
0
, ʠ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʫʜʝʪ ʫʪʦʯʥʝʥʠʝ ʨʝʞʠʤʦʚ 

ʨʘʙʦʪʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʤʦʙʠʣʴʥʦʡ ʩʠʩʪʝʤʳ  ʧʨʠ  ʫʛʣʘʭ ʥʘʢʣʦʥʘ 

ʤʦʥʦʨʝʣʴʩʘ 2,5 ʠ 5
0
. 
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The priorities of agricultural production development envisage the ramp-up of output to reach food self-

sufficiency and export growth. However, the load on the environment is increasing in this context. An 
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algorithm has been developed for the formation of technologies and complexes of machines and equipment 

to ensure an ecologically sustainable state of the environment in agricultural production. The algorithm is 

based on the impact assessment of machine-based practices on the three main environmental components ï 

the atmospheric air, the hydrosphere, and soil. The algorithm also can forecast the changes in the steady state 

of the environment depending on the applied technical and technological solutions. The algorithm includes 

the following interconnected sequence of actions: identification of sources/events that may affect the 

sustainable state of the environment; the risk analysis of the effects of impacts and identification of the 

possible consequences range; assessment of the significance and vulnerability of the environment; 

forecasting the scenarios. 

 

Key words: environmental safety, machine-based technologies, manure storage, rural area, 

sustainability. 
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ɺʚʝʜʝʥʠʝ  

ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʪʝʨʨʠʪʦʨʠʡ ï ʣʠʜʝʨʦʚ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʦʛʨʘʥʠʯʝʥ 

ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜ ʫʛʨʦʟʦʡ, ʚʚʠʜʫ 

ʥʝʠʟʙʝʞʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʞʝ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʝʟ ʫʯʝʪʘ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʚʦʟʤʦʞʥʳʭ ʨʠʩʢʦʚ 

ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʳʰʝʥʠʶ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ 

(ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʨʫʜʦʚʳʭ ʠ ʪ.ʧ.), 

ʧʦʚʳʰʝʥʠʶ ʧʦʪʝʨʴ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, 

ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚ ʟʘ ʩʯʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ/ʧʝʨʝʠʟʙʳʪʦʯʥʦʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ 

ʚ ʚʠʜʝ ʚʦʜʥʦʡ ʠ ʚʦʟʜʫʰʥʦʡ ʵʨʦʟʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʫʚʷʟʘʪʴ ʧʨʠʨʦʜʥʦ-

ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʪʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ 

ï ʝʜʠʥʠʮ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʠʣʠ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 

ʜʝʣʝʥʠʷ (ʤʫʥʠʮʠʧʘʣʴʥʳʡ ʨʘʡʦʥ, ʦʙʣʘʩʪʴ, 

ʚʦʜʦʩʙʦʨʥʳʡ ʙʘʩʩʝʡʥ, ʙʘʩʩʝʡʥʦʚʳʡ ʦʢʨʫʛ) ʩ 

ʫʨʦʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ɸʇʂ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʨʠʨʦʜʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ, ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠ 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ɸʣʛʦʨʠʪʤ ʩʦʟʜʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʘʥʝʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʫʧʨʘʚʣʷʶʱʠʭ 

ʦʨʛʘʥʦʚ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʧʦ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʦʪʜʝʣʴʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ 

ʩʚʝʪʝ ʩʦʚʦʢʫʧʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʜʨʫʛʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʧʦʢʘʟʘʪʝʣʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʥʘ ʫʨʦʚʥʝ ʨʘʡʦʥʘ, ʦʙʣʘʩʪʠ, 

ʩʪʨʘʥʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚʳʙʦʨ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ 

ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʣʦʢʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʫʨʦʚʥʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʋʧʨʘʚʣʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʧʨʠʨʦʜʥʫʶ 

ʩʨʝʜʫ ʤʘʰʠʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩʚʷʟʘʥʦ ʩ 

ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ, 

ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʫʚʷʟʘʥʳ. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʯʝʨʝʟ ʧʨʠʤʝʥʝʥʠʝ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʤʘʰʠʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʚʢʣʶʯʘʶʱʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ, 

ʥʘʢʦʧʣʝʥʠʷ, ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʷ 

ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʠʭ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʦʙʦʩʥʦʚʘʥ ʠ ʧʨʠʤʝʥʝʥ ʦʙʦʙʱʝʥʥʳʡ 

ʢʨʠʪʝʨʠʡ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ (ʋʉʇʉ) ï B, ʚʢʣʶʯʘʶʱʠʡ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ BA ï ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, BG ï 

ʛʠʜʨʦʩʬʝʨʫ, BS ï ʧʦʯʚʫ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʝʩʦʤʦʩʪʴ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʭʦʜʷ ʠʭ 

ʫʩʣʦʚʠʡ ʢʦʥʢʨʝʪʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (x - ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʪʝʨʠʷ BA; y - ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʪʝʨʠʷ BG; z - ʚʝʩʦʚʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʨʠʪʝʨʠʷ BS), ʧʦʟʚʦʣʷʶʱʠʡ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʋʉʇʉ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ (ʨʠʩ. 1) [1-3].  

 

 

 
ʈʠʩ. 1. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

ʕʪʘʧʳ: 1 ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ (ʩʝʣʴʭʦʟʫʛʦʜʠʷ); 2 ʧʦʜʛʦʪʦʚʢʘ ʢʦʨʤʦʚ; 3 ʩʦʜʝʨʞʘʥʠʝ 

ʞʠʚʦʪʥʳʭ (ʧʦʤʝʱʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠʣʠ ʧʪʠʮʳ); 4 ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʦʧʝʨʘʮʠʠ 

(ʫʪʠʣʠʟʘʮʠʷ ʩʪʦʢʦʚ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ); 5 ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʦʜʫʢʮʠʠ ʠ ʩʫʙʧʨʦʜʫʢʪʦʚ (ʚʢʣʶʯʘʷ 

ʧʝʨʝʨʘʙʦʪʢʫ ʥʘʚʦʟʘ, ʧʦʤʝʪʘ) 

 

ʇʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ 

ʨʝʰʝʥʠʷ ʧʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʤʘʰʠʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ.  ʇʦʨʷʜʦʢ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʠʩʢʦʚ ʥʘʩʪʫʧʣʝʥʠʷ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʋʉʇʉ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ: çʀɼɽʅʊʀʌʀʂɸʎʀʗè, 

çɸʅɸʃʀɿ ʠ ʆʎɽʅʂɸè, 

çɼʆʃɻʆʉʈʆʏʅʆʉʊʔè (ʨʠʩ. 2). 
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ʈʠʩ. 2. ʇʦʨʷʜʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ʅʘ 

ʵʪʘʧʝ çʅʘʯʘʣʦè ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʟʘʜʘʶʪʩʷ 

ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ: ʩʪʘʪʫʩ ʧʨʝʜʧʨʠʷʪʠʷ; ʪʠʧ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʧʣʘʥʠʨʫʝʤʦʝ ʧʦʛʦʣʦʚʴʝ; ʨʝʛʠʦʥ ʨʘʟʤʝʱʝʥʠʷ; 

ʪʝʭʥʦʣʦʛʠʷ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ; ʪʝʭʥʦʣʦʛʠʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ; ʥʘʣʠʯʠʝ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ; ʩʪʘʪʫʩ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ; ʫʜʘʣʸʥʥʦʩʪʴ 

ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ. 

 

 

 

 
ʈʠʩ. 3. ʋʢʨʫʧʥʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʘʣʛʦʨʠʪʤʘ 

 

ʅʘ ʵʪʘʧʝ çʂʦʥʝʮè ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʘʣʛʦʨʠʪʤ ʚʳʜʘʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩ ʧʦʜʦʙʨʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʤʘʰʠʥ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ï çʀʜʝʥʪʠʬʠʢʘʮʠʷè - 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʚʦʟʤʦʞʥʳʭ ʧʨʠʯʠʥʘʭ ʥʘʩʪʫʧʣʝʥʠʷ 

ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʨʘʟʨʝʟʝ ʟʥʘʯʝʥʠʡ 

ʢʨʠʪʝʨʠʝʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ (ʨʠʩ.4). 
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ʅɸʏɸʃʆ

ʉɹʆʈ ʀ ɸʂʊʋɸʃʀɿɸʎʀʗ ʀʅʌʆʈʄɸʎʀʀ 

ʆ ʇʈʀʏʀʅɸʍ ʅɽɻɸʊʀɺʅʓʍ 

ʇʆʉʃɽɼʉʊɺʀʁ:

- ʩʦ ʩʪʦʨʦʥʳ ʩʝʣʴʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ;

- ʩʦ ʩʪʦʨʦʥʳ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/

ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ

ʋʈʆɺɽʅʔ - ʇʈɽɼʇʈʀʗʊʀɽ

1é

2é

3é.

1é

2é

3é.

ʌʆʈʄʀʈʆɺɸʅʀɽ 

ɹɸɿʓ ɼɸʅʅʓʍ

1é

2é

3é.

ʉɹʆʈ ʀ ɸʂʊʋɸʃʀɿɸʎʀʗ ʀʅʌʆʈʄɸʎʀʀ 

ʆ ʇʈʀʏʀʅɸʍ ʅɽɻɸʊʀɺʅʓʍ 

ʇʆʉʃɽɼʉʊɺʀʁ:

- ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ

- ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ

ʋʈʆɺɽʅʔ ï ʀʉʉʃɽɼʋɽʄɸʗ 

ʊɽʈʈʀʊʆʈʀʗ

Vh, ʫ.ʛ./ʛʘ

N, ʢʛ/ʛʘ
P, ʢʛ/ʛʘ

NUE
PUE

ʈɸʉʏɽʊ ʇʆʂɸɿɸʊɽʃɽʁ 

ʕʂʆʃʆɻʀʏɽʉʂʆʁ 

ʋʉʊʆʁʏʀɺʆʉʊʀ 

ʀʉʉʃɽɼʋɽʄʆʁ ʊɽʈʈʀʊʆʈʀʀ

maxM G ɿʚ ʂʫ

ʀɼɽʅʊʀʌʀʂɸʎʀʗ 

ɸʅɸʃʀɿ ʀ ʆʎɽʅʂɸ

ʉɹʆʈ ʀ ɸʂʊʋɸʃʀɿɸʎʀʗ ɼɸʅʅʓʍ ʆ 

ʇʈʀʄɽʅʗɽʄʓʍ ʊɽʍʅʆʃʆɻʀʗʍ, 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʈɽʐɽʅʀʗʍ, 

ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺɸʍ ʀ 

ʆɹʆʈʋɼʆɺɸʅʀʀ

 
ʈʠʩ. 4. ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʷ ʥʘ 1 ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ 

 

ʆʮʝʥʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʳ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʝ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ï ʫʨʦʚʝʥʴ ʀʉʉʃɽɼʋɽʄɸʗ 

ʊɽʈʈʀʊʆʈʀʗ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘʥʦʩʠʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʨʘʟʜʝʣʘʤ: 

ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ, ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ, 

ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʩʬʝʨʫ. 

ɺ ʙʘʟʫ ʜʘʥʥʳʭ ʟʘʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʜʘʥʥʳʝ: 

- ʧʣʦʪʥʦʩʪʴ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʥʘ 

ʝʜʠʥʠʮʫ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ Vh, ʫ.ʛ./ʛʘ; 

- ʜʠʬʬʫʟʥʘʷ ʥʘʛʨʫʟʢʘ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʥʘ 

ʚʦʜʦʩʙʦʨ ʧʨʠ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ N, P, ʢʛ/ʛʘ; 

- ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ NUE, 

PUE [4, 5]. 

ʉʦʙʠʨʘʶʪʩʷ ʜʘʥʥʳʝ ʜʚʫʭ ʚʠʜʦʚ ï 

ʨʝʢʦʤʝʥʜʫʝʤʳʝ ʜʣʷ ʜʘʥʥʦʡ ʠʩʩʣʝʜʫʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʬʘʢʪʠʯʝʩʢʠʝ. 

ʇʨʦʠʟʚʦʜʷʪʩʷ ʩʙʦʨ ʠ ʘʢʪʫʘʣʠʟʘʮʠʷ 

ʜʘʥʥʳʭ ʦ ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ, ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚʘʭ, ʦʙʦʨʫʜʦʚʘʥʠʠ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʤ 

ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ/ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʦʠʟʚʦʜʠʪʩʷ ʩʙʦʨ ʜʘʥʥʳʭ ʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʝʣʴʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʡ/ 

ʧʪʠʮʝʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ï ʫʨʦʚʝʥʴ 

ʇʈɽɼʇʈʀʗʊʀɽ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘʥʦʩʠʪʩʷ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʧʦ ʨʘʟʜʝʣʘʤ: 

ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʘʪʤʦʩʬʝʨʥʳʡ 

ʚʦʟʜʫʭ, ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʯʚʫ, 

ʚʦʟʤʦʞʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʩʬʝʨʫ. 
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ɼʘʥʥʳʝ ʦ ʠʩʩʣʝʜʫʝʤʦʡ ʩʝʣʴʩʢʦʡ 

ʪʝʨʨʠʪʦʨʠʝʡ: 

- ʜʘʥʥʳʝ ʦ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ (ʩʨʝʜʥʷʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ); 

- ʜʘʥʥʳʝ ʦʙ ʫʨʦʚʥʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚ ʨʘʡʦʥʝ 

ʨʘʟʤʝʱʝʥʠʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʜʘʥʥʳʝ ʦʙ ʘʛʨʦʭʠʤʠʯʝʩʢʦʤ ʠ 

ʘʛʨʦʬʠʟʠʯʝʩʢʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ, ʥʘ 

ʢʦʪʦʨʳʝ ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʦʩʠʪʴ ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʫʜʦʙʨʝʥʠʝ; 

- ʜʘʥʥʳʝ ʦ ʢʦʥʪʫʨʘʭ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʧʣʦʱʘʜʠ, ʨʘʟʤʝʱʝʥʠʝ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʘʟʝʤʥʳʭ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ; 

- ʜʘʥʥʳʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʘʪʤʦʩʬʝʨʥʦʤ 

ʚʦʟʜʫʭʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ; 

- ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʥʘʟʝʤʥʳʭ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ɼʘʥʥʳʝ ʩʦ ʩʪʦʨʦʥʳ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ: 

- ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ /ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʝʜʠʥʦʚʨʝʤʝʥʥʦʝ ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ/ 

ʧʪʠʮʳ; 

- ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ; 

- ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʢʘʧʠʪʘʣʴʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ 1 ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ 

çʀʜʝʥʪʠʬʠʢʘʮʠʷè ʷʚʣʷʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ 

ʙʘʟʘ ʜʘʥʥʳʭ ʧʦ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʥʘ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝ, ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʪʝʧʝʥʴ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʬʦʨʤʠʨʦʚʘʥʘ ʧʦ 3 

ʥʘʧʨʘʚʣʝʥʠʷʤ: ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, 

ʛʠʜʨʦʩʬʝʨʘ ʠ ʧʦʯʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ ï 

çɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘè 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ï ɸʅɸʃʀɿ ʠ ʆʎɽʅʂɸ 

ï ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʠʩʢʠ ʧʦʩʣʝʜʩʪʚʠʷ 

ʚʦʟʜʝʡʩʪʚʠʡ, ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʜʠʘʧʘʟʦʥ 

ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ (ʨʠʩ. 5). 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ: 

1) ʆʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ ʪʠʧʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ ʢʘʞʜʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ 

ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʍʘʨʘʢʪʝʨ ʠ ʪʠʧ ʚʦʟʜʝʡʩʪʚʠʷ 

ʚʳʨʘʞʘʝʪʩʷ ʚ ʯʠʩʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

2) ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ 

ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʨʦʛʥʦʟʥʳʤʠ ʠ 

ʵʢʩʧʝʨʪʥʳʤʠ ʦʮʝʥʢʘʤʠ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʜʘʥʥʳʤʠ ʠʟ ʦʪʢʨʳʪʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ɽʩʣʠ ʬʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʜʠʘʧʘʟʦʥʘ ʫʩʪʦʡʯʠʚʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʠ, ʪʦ ʧʨʠʥʠʤʘʝʪʩʷ 

ʨʝʰʝʥʠʝ ʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʠʤʝʥʷʝʤʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ.  

ʈʘʩʯʝʪ ʢʨʠʪʝʨʠʝʚ (BA, BG, BS) 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʩʦʯʝʪʘʥʠʡ ʪʝʭʥʦʣʦʛʠʡ, ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ/ʧʪʠʮʝʚʦʜʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ (ʨʠʩ. 5). 

ʈʘʩʩʯʠʪʘʚ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʝʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʥʘʠʣʫʯʰʠʭ 

ʜʦʩʪʫʧʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʥʘʠʣʫʯʰʝʛʦ ʩʦʯʝʪʘʥʠʷ 

ʢʨʠʪʝʨʠʝʚ ʤʝʪʦʜʦʤ ʇʘʨʝʪʦ. ʆʧʪʠʤʘʣʴʥʦʩʪʴ 

ʧʦ ʇʘʨʝʪʦ ð ʪʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʢʘʞʜʦʛʦ ʯʘʩʪʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʩʠʩʪʝʤʫ, ʥʝ 
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ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
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ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʦ ʙʝʟ ʫʭʫʜʰʝʥʠʷ ʜʨʫʛʠʭ. 

 

 
ʈʠʩ. 5. ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʡ ʥʘ 2 ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ 

 

ɼʘʣʝʝ ʧʝʨʝʭʦʜ ʥʘ ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ï 

ɼʆʃɻʆʉʈʆʏʅʆʉʊʔ. 

ʈʝʘʣʠʟʘʮʠʷ ʪʨʝʪʴʝʛʦ ʵʪʘʧʘ ʘʣʛʦʨʠʪʤʘ ï 

çɼʦʣʛʦʩʨʦʯʥʦʩʪʴè 

ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ï ɼʆʃɻʆʉʈʆʏʅʆʉʊʔ 

ï ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʠ 

ʪʠʧʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʢʘʢ 

ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʘʤʦʛʦ ʧʦʩʣʝʜʩʪʚʠʷ, ʪʘʢ 

ʠ ʧʨʠ ʚʪʦʨʠʯʥʦʤ ʧʦʩʣʝʜʩʪʚʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʰʘʛʝ ʧʨʦʠʩʭʦʜʠʪ ʦʮʝʥʢʘ 

ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ ʩ ʫʯʝʪʦʤ 

ʧʨʠʤʝʥʷʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʝʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ɺʪʦʨʳʤ ʰʘʛʦʤ ʦʙʦʩʥʦʚʳʚʘʶʪʩʷ ʚʝʩʦʚʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʘʞʜʦʛʦ ʢʨʠʪʝʨʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ɼʘʥʥʳʝ ʧʦʩʪʫʧʘʶʪ ʠʟ ʙʘʟʳ ʜʘʥʥʳʭ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʘʣʛʦʨʠʪʤʘ. 

ʊʨʝʪʴʠʤ ʰʘʛʦʤ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʜʣʷ 

ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʢʦʤʧʣʝʢʩʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. 

║╫╪▼▄●Ͻ║═╫╪▼▄◐Ͻ║╖╫╪▼▄◑Ͻ║╢╫╪▼▄  (1) 

ɼʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʨʠʪʝʨʠʝʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʠʟ ʙʘʟʳ 

ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʢʨʠʪʝʨʠʡ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʥʘ ʢʦʤʧʣʝʢʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

║▪▄◌ ●Ͻ║═▪▄◌◐Ͻ║╖▪▄◌◑Ͻ║╢▪▄◌  (2) 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ B, 

ʨʘʚʥʳʤ ʨʘʟʥʠʮʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʧʨʠ ʙʘʟʦʚʳʭ (ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ) ʠ ʥʦʚʳʭ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʅɼʊ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ ʚʥʝʜʨʝʥʠʶ) 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ (ʨʠʩ. 6). 
║ ║▪▄◌║╫╪▼▄●Ͻ║═▪▄◌◐Ͻ║╖▪▄◌◑Ͻ

║╢▪▄◌ ●Ͻ║═╫╪▼▄◐Ͻ║╖╫╪▼▄ ◑Ͻ║╢╫╪▼▄    

      (3) 

ʛʜʝ ║ ï ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ; ║╫╪▼▄ ï 

ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʣʷ ʙʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; ║▪▄◌ - ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʈʠʩ. 6. ʇʦʨʷʜʦʢ ʜʝʡʩʪʚʠʷ ʥʘ 3 ʵʪʘʧʝ çɼʦʣʛʦʩʨʦʯʥʦʩʪʴè ʘʣʛʦʨʠʪʤʘ 
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ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ 

ʧʦʩʣʝʜʩʪʚʠʡ ʦʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʫʯʝʪʦʤ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. 

ɽʩʣʠ ʧʨʦʛʥʦʟʥʘʷ ʦʮʝʥʢʘ ʚʭʦʜʠʪ ʜʠʘʧʘʟʦʥ 

ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʝʨʝʭʦʜ ʥʘ 

ʙʣʦʢ çʂʆʅɽʎè, ʝʩʣʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, 

ʧʝʨʝʭʦʜ ʥʘ ʙʣʦʢ çɸʅɸʃʀɿ ʀ ʆʎɽʅʂɸè.  

ʅʘ ʩʚʠʥʦʚʦʜʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘ 54000 

ʛʦʣʦʚ ʝʜʠʥʦʚʨʝʤʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, 

ʟʘʥʠʤʘʶʱʝʛʦʩʷ ʦʪʢʦʨʤʦʤ, ʩ ʧʦʤʦʱʴʶ 

ʘʣʛʦʨʠʪʤʘ ʦʙʦʩʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʥʘʚʦʟʘ ʧʦʩʣʝ 

ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʬʨʘʢʮʠʠ ʤʝʪʦʜʘʤʠ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ 

ʭʨʘʥʠʣʠʱʘʭ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ. ɼʘʥʥʦʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ 23%, 

ʜʠʬʬʫʟʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʘ 

7%. ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ 1 ʪʦʥʥʳ ʥʘʚʦʟʘ 

ʩʦʩʪʘʚʷʪ 250 ʨʫʙʣʝʡ [6 - 12]. 

ɺʳʚʦʜʳ  

ʈʘʟʨʘʙʦʪʘʥ ʧʦʨʷʜʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʛʨʦʵʢʦʩʠʩʪʝʤ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʢʨʠʪʝʨʠʝʤ, 

ʨʘʚʥʳʤ ʨʘʟʥʠʮʝ ʟʥʘʯʝʥʠʡ ʢʨʠʪʝʨʠʝʚ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʧʨʠ ʙʘʟʦʚʳʭ (ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ) ʠ ʥʦʚʳʭ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʅɼʊ, ʧʨʝʜʣʘʛʘʝʤʳʭ ʢ ʚʥʝʜʨʝʥʠʶ) 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʭ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʣʝʢʩʦʚ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʪʭʦʜʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʦʪʨʘʞʘʶʱʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʙʣʦʢʘʤʠ ʧʦ ʧʦʜʙʦʨʫ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʫʶ ʚʟʘʠʤʦʩʚʷʟʘʥʥʫʶ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ: 

ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʧʝʨʝʯʥʷ ʠʩʪʦʯʥʠʢʦʚ 

/ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ; 

ʘʥʘʣʠʟ ʨʠʩʢʦʚ ʧʦʩʣʝʜʩʪʚʠʡ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʦʙʦʩʥʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ; ʦʮʝʥʢʘ ʟʥʘʯʠʤʦʩʪʠ ʠ 

ʫʷʟʚʠʤʦʩʪʠ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ; ʦʮʝʥʢʘ 

ʜʦʣʛʦʩʨʦʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʧʨʦʙʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʧʨʠʤʝʨʝ ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ 

ʧʦʛʦʣʦʚʴʝʤ 54000 ʛʦʣʦʚ ʩʬʦʨʤʠʨʦʚʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʩʣʝ ʨʘʟʜʝʣʝʥʠʷ ʥʘ 

ʬʨʘʢʮʠʠ ʤʝʪʦʜʘʤʠ ʧʘʩʩʠʚʥʦʛʦ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ʚ ʟʘʢʨʳʪʳʭ 

ʭʨʘʥʠʣʠʱʘʭ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦʟʚʦʣʠʪ 

ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘ 23%, 

ʜʠʬʬʫʟʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʘ 

7% ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʦʝ ʩʦʩʪʦʷʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥʦ ʧʨʝʜʧʨʠʷʪʠʝ, ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʥʝ 

ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʦ ʧʦʛʦʣʦʚʴʝ ʞʠʚʦʪʥʳʭ.  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʆʙʦʣʜʠʥʘ ɻ.ɸ., ʉʝʯʢʦʚʘ ʅ. ɸ., ʇʦʧʦʚ 

ɸ. ʅ., ʇʦʟʜʠʥʘ ɽ. ɸ. ʄʝʪʦʜʳ ʦʮʝʥʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ 

ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʠ // ɺʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ 

ʈʦʩʩʠʠ, 2014, ˉ 2, ʉ. 33ï49. 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19. ɺʳʧ. 4 (101)  
 

130 

 

2. ʂʦʥʜʨʘʪʴʝʚ ʉ.ɸ., ɹʨʶʭʘʥʦʚ ɸ.ʖ., 

ʊʝʨʝʭʦʚ ɸ.ɺ. ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʦʜʦʩʙʦʨʘ ʢʘʢ ʦʧʨʝʜʝʣʷʶʱʠʡ ʬʘʢʪʦʨ 

ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʸʤ (ʧʦ ʜʘʥʥʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ) // ɺʦʧʨʦʩʳ 

ʛʝʦʛʨʘʬʠʠ. 2018. ˉ145. ʉ. 89-108. 

3. ʂʝʩʦʨʝʮʢʠʭ ʀ. ʀ., ɿʦʪʦʚ ʉ. ʀ. 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʫʷʟʚʠʤʦʩʪʠ ʧʨʠʨʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ɺʝʩʪʥʠʢ ɹʘʣʪʠʡʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ. ʂʘʥʪʘ. ʉʝʨʠʷ: 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʠ ʤʝʜʠʮʠʥʩʢʠʝ ʥʘʫʢʠ. 2012. 

ˉ1. ʉ. 51-57. 

4. ɹʨʶʭʘʥʦʚ ɸ.ʖ., ʂʦʟʣʦʚʘ ʅ.ʇ., 

ɺʘʩʠʣʴʝʚ ʕ.ɺ., ʐʘʣʘʚʠʥʘ ɽ.ɺ. ʈʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʘʠʣʫʯʰʠʭ ʜʦʩʪʫʧʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ʥʘ 

ʧʨʠʤʝʨʝ ʉɿʌʆ) (ʇʦʜ ʨʝʜ. ɸ.ʖ. ɹʨʶʭʘʥʦʚʘ). 

ʉʇʙ.: ʀɸʕʇ. 2016. 88 ʩ. 

5. ʐʘʣʘʚʠʥʘ ɽ.ɺ., ɺʘʩʠʣʴʝʚ ʕ.ɺ., 

ʋʚʘʨʦʚ ʈ.ɸ., ʆʙʣʦʤʢʦʚʘ ʅ.ʉ., ʌʨʝʡʜʢʠʥ 

ʀ.ɸ. ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ // ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2019. ˉ 2(99). ʉ. 260-269. 

6. ɺʘʩʠʣʴʝʚ ʕ.ɺ. ʇʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʜʦʙʨʝʥʠʷ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʚʥʝʩʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʨʝʛʠʦʥʘ // ɺʝʩʪʥʠʢ 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 

2013. ˉ4 (12). ʉ.127-133. 

7.  ɹʨʶʭʘʥʦʚ ɸ.ʖ. ʄʝʪʦʜʳ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ 

ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ, ʧʦʤʝʪʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ: ʜʠʩ... ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ. ʉʇʙ: 

ʉʇʙɻɸʋ. 2017. 440 ʩ. 

8. ɺʘʩʠʣʴʝʚʘ ʅ.ʉ., ɺʦʨʦʙʴʝʚʘ ɽ.ɸ., 

ʄʠʥʠʥ ɺ.ɹ., ɺʘʩʠʣʴʝʚ ʕ.ɺ. ɸʥʘʣʠʟ 

ʩʦʩʪʦʷʥʠʷ ʥʘʚʦʟʦʭʨʘʥʠʣʠʱ ʃʝʥʠʥʛʨʘʜʩʢʦʡ 

ʦʙʣʘʩʪʠ // ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2019. ˉ 3(100). ʉ. 179-187. 

9. ɹʨʶʭʘʥʦʚ ɸ.ʖ., ʐʘʣʘʚʠʥʘ ɽ.ɺ., 

ɺʦʨʦʙʴʝʚʘ ɽ.ɸ., ɺʘʩʠʣʴʝʚʘ ʅ.ʉ., ʄʠʥʠʥ ɺ.ɹ 

ʕʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʘ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ // 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2019. ˉ 

3 (100). ʉ. 121-130. 

10. ʂʠʨʦʚ ʖ.ɸ. ʇʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʘʟʜʝʣʝʥʠʷ 

ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʠ 

ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʬʨʘʢʮʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʩʧʦʩʦʙʦʚ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ: ʘʚʪʦʨʝʬ. 

ʜʠʩ. é ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ. ʉʘʨʘʪʦʚ: ʌɻɹʆʋ 

ɺʇʆ çʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ.ʀ. ɺʘʚʠʣʦʚʘè. 

2013.  42 ʩ. 

11. ʕʨʢ ɸ.ʌ., ʉʫʜʘʯʝʥʢʦ ɺ.ʅ, ʊʠʤʦʬʝʝʚ 

ɽ.ɺ., ʈʘʟʤʫʢ ɺ.ɸ.  ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ // 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2016. - 

ˉ 89. ʉ.23-32. 

12. ʉʫʜʘʯʝʥʢʦ ɺ.ʅ., ʕʨʢ ɸ.ʌ., ʊʠʤʦʬʝʝʚ 

ɽ.ɺ., ɺʳʙʦʨ ʚʘʨʠʘʥʪʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʩʝʣʴʭʦʟʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ // ʊʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ 

ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 2017. ˉ 92. ʉ. 43-48. 

 

 

 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

131 

 

REFERENCES 

 

1. Oboldina G.A., Sechkova N. A., Popov A. 

N., Pozdina E. A. Metody otsenki 

kompleksnogo vozdeistviya tekhnologii pri 

vodopol'zovanii [Methods for assessing the 

integrated impact of technologies in water 

management]. Vodnoe khozyaistvo Rossii, 2014. 

N 2 33ï49. (In Russian) 

2. Kondratev S.A., Briukhanov A.Yu., 

Terekhov A.V. Struktura poverkhnosti 

vodosbora kak opredelyayushchii faktor 

biogennoi nagruzki na vodoem (po dannym 

matematicheskogo modelirovaniya) [The land 

surface structure of the catchment area as the 

determining factor of the nutrient load on the 

waterbody (according to mathematical 

modelling]. Voprosy geografii. 2018. N145. 89-

108. (In Russian) 

3. Kesoretskikh I. I., Zotov S. I. Metodika 

otsenki uyazvimosti prirodnykh kompleksov k 

antropogennym vozdeistviyam [Methodology of 

assessment of natural complexes sensitivity to 

anthropogenic impact] Vestnik Baltiiskogo 

federal'nogo universiteta im. I. Kanta. Seriya: 

Estestvennye i meditsinskie nauki. 2012. N1. 51-

57. (In Russian) 

4. Briukhanov A.Yu., Kozlova N.P., Vasilev 

E.V., Shalavina E.V. Rekomendatsii po 

opredeleniyu nailuchshikh dostupnykh 

tekhnologii dlya intensivnogo zhivotnovodstva 

Rossiiskoi Federatsii (na primere SZFO) (A.Yu. 

Bryukhanov (Ed.) [Recommendations and 

requirements how to identify the BATs for 

intensive livestock farming (for the North-West 

Federal District in particular)] Saint Petersburg: 

IEEP, 2016. 88. (In Russian) 

5. Shalavina E.V., Vasilev E.V., Uvarov R.A., 

Oblomkova N.S., Freidkin I.A. Metodicheskii 

podkhod k opredeleniyu kriteriev otsenki 

negativnogo vozdeistviya zhivotnovodcheskogo 

kompleksa na okruzhayushchuyu sredu 

[Methodological approach to determining the 

assessment criteria of the negative 

environmental impact of livestock complexes]. 

Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2019. N 

2(99). 260-269. (In Russian) 

6. Vasilev E.V. Povyshenie ekologo-

ekonomicheskoi effektivnosti protsessa 

ispol'zovaniya zhidkogo organicheskogo 

udobreniya putem avtomatizirovannogo vybora 

ratsional'nykh variantov tekhnologii 

transportirovki i vneseniya v usloviyakh severo-

zapadnogo regiona [Increasing environmental 

and economic efficiency of the process of the 

use of liquid organic fertilizer through 

automated choice of rational choices of 

transportation technologies and and making in 

the North-West region]. Vestnik Vserossiiskogo 

nauchno-issledovatel'skogo instituta 

mekhanizatsii zhivotnovodstva. 2013. N4 (12). 

127-133. (In Russian) 

7. Briukhanov A.Yu. Metody proektirovaniya i 

kriterii otsenki tekhnologii utilizatsii navoza, 

pometa, obespechivayushchie ekologicheskuyu 

bezopasnost': dis... dokt. tekhn. nauk [Designing 

methods and assessment criteria of technologies 

for utilisation of farm animal/poultry manure 

ensuring the environmental safety. DSc 

(Engineering) Diss.]. Saint Petersburg: 

SPbGAU. 2017. 440. (In Russian) 

8. Vasileva N.S., Vorobyeva E.A., Minin V.B., 

Vasilev E.V. Analiz sostoyaniya 

navozokhranilishch Leningradskoi oblasti 

[Survey of manure storages in Leningrad 

Region]. Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2019. N 3 

(100). 179-187. (In Russian) 

9. Bryukhanov A.Yu., Shalavina E.V., 

Vorobyeva E.A., Vasileva N.S., Minin V.B 

Ekologicheskoe sostoyanie zhivotnovodstva i 

ptitsevodstva Leningradskoi oblasti [Livestock 

and poultry farming in Leningrad Region in 

terms of their environmental impact ]. 

Tekhnologii i tekhnicheskie sredstva 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19. ɺʳʧ. 4 (101)  
 

132 

 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva. 2019. 3. N 

3(100). 121-130. (In Russian) 

10. Kirov Yu. A. Povyshenie effektivnosti 

protsessa razdeleniya navoznykh stokov 

svinovodcheskikh ferm i kompleksov na fraktsii 

sovershenstvovaniem sposobov i tekhnicheskikh 

sredstv: avtoref. dis. é d-ra tekhn. nauk 

[Improving the efficiency of the separation 

process of manure from pig farms and 

complexes into fractions by upgrading the 

methods, machines and equipment. Authorôs 

summary of Cand. Tech. Sci. Thesis]. Saratov: 

Saratov State Agrarian University named after 

N.I. Vavilov. 2013. 42. (In Russian) 

11. Erk A.F., Sudachenko V.N, Timofeev E.V., 

Razmuk V.A. Metody povysheniya 

effektivnosti ispol'zovaniya elektricheskoi 

energii v zhivotnovodstve [Methods to increase 

the efficiency of electric power use in livestock 

farming]. Tekhnologii i tekhnicheskie sredstva 

mekhanizirovannogo proizvodstva produktsii 

rastenievodstva i zhivotnovodstva , 2016. N 89. 

23-32. (In Russian)  

12. Sudachenko V.N., Erk A.F., Timofeev E.V., 

Vybor varianta energosnabzheniya ob"ektov 

sel'khozproizvodstva po ekonomicheskim 

kriteriyam [Selection of power supply options 

for agricultural production facilities by 

economic criteria]. Tekhnologii i tekhnicheskie 

sredstva mekhanizirovannogo proizvodstva 

produktsii rastenievodstva i zhivotnovodstva. 

2017. N 92.  43-48. (In Russian) 

 

 

 

 

ʋɼʂ 631.95                                                                           DOI   10.24411/0131-5226-2019-10220 
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ʄ.ɺ. ɺʘʩʠʣʴʝʚ, ʢʘʥʜ. ʩ.-ʭ. ʥʘʫʢ 

 

ʀʥʩʪʠʪʫʪ ʘʛʨʦʠʥʞʝʥʝʨʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ï ʬʠʣʠʘʣ 

ʌɻɹʅʋ ʌʅɸʎ ɺʀʄ 

 

ɸʥʘʣʠʟ ʚʣʠʷʥʠʷ ʬʝʨʤʳ ʥʘ ʟʘʛʨʷʟʥʝʥʠʝ ʬʦʩʬʦʨʦʤ ʨʝʢʠ ʃʫʛʘ ʧʨʦʚʦʜʠʣʩʷ ʚ 2019 ʛʦʜʫ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʢʨʫʧʥʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʣʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʃʫʞʩʢʦʤ ʨʘʡʦʥʝ ʃʝʥʠʥʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʳʭ ʦ 

ʚʣʠʷʥʠʠ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʪʝʨʨʠʪʦʨʠʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʬʝʨʤʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʚʦʜʦʪʦʢʝ 

ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʢʘʥʘʚʳ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ ʩʪʦʢʘʤʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʜʳ ʢ 

ʩʘʤʦʦʯʠʱʝʥʠʶ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ. ʊʘʢ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 110 
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08.07.2019) ʜʦ 87,9 % (ʧʨʦʙʘ ʦʪ 29.08.2019). ʅʘ ʨʘʩʩʪʦʷʥʠʠ 285 ʤʝʪʨʦʚ ʦʪ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʩʥʠʞʘʣʦʩʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 61,8 % (ʧʨʦʙʘ ʦʪ 08.07.2019) ʜʦ 98,1 % (ʧʨʦʙʘ ʦʪ 

26.09.2019). 
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VIM, Saint Petersburg, Russia 

 

The farm influence on the phosphorus pollution of the Luga River was investigated in 2019 on the 

territory of a large-scale dairy farm located in the Luga District of Leningrad Region. The study objective 

was to obtain the data on the impact of wastewater from the livestock farm territory on the phosphorus 

content in the watercourse of the drainage ditch. The obtained data showed that the phosphorus content 

depended on the distance to the pollution source, as well as the ability of water to clean itself from 

phosphorus compounds. The decrease in phosphorus content at a distance of 110 meters from the farm 

wastewater discharge ranged from 38.2% (sample taken on 07.08.2019) to 87.9% (sample taken on 

08.29.2019). At a distance of 285 meters from the waste water discharge point, the phosphorus content 

decreased by 61.8 % (sample taken on 08.07.2019) and 98.1 % (sample taken on 26.09.2019). 
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ɺʚʝʜʝʥʠʝ 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʠʬʬʫʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʚʦʜʦʩʙʦʨ ʧʨʠ ʚʝʜʝʥʠʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʦʪʜʝʣʘ ʠʥʞʝʥʝʨʥʦʡ ʵʢʦʣʦʛʠʠ 

ʀɸʕʇ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ 

ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ ʥʘ 

ʚʦʜʦʩʙʦʨ ʧʨʠ ʚʝʜʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʝʸ ʩʥʠʞʝʥʠʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʅɼʊ (ʥʘʠʣʫʯʰʠʝ ʜʦʩʪʫʧʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ) ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ [1, 2]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʦʜʦʩʙʦʨ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʧʦʩʦʙʦʚ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʫʪʸʤ ʚʥʝʜʨʝʥʠʷ ʤʘʰʠʥ 

ʠ ʤʝʭʘʥʠʟʤʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ 

ʅɼʊ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ. ɺʥʝʜʨʝʥʠʝ 

ʅɼʊ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʚʦʜʥʳʝ 

ʦʙʲʝʢʪʳ ʬʦʩʬʦʨʘ ʥʘ 2 % [3, 4]. 

ʉ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ 

ʩʚʷʟʘʥʳ ʜʚʘ ʜʦʤʠʥʠʨʫʶʱʠʭ (ʧʦ ʦʙʲʸʤʫ 

ʥʘʛʨʫʟʢʠ) ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜ ï ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʵʣʝʤʝʥʪʳ-

ʙʠʦʛʝʥʳ (ʘʟʦʪ, ʬʦʩʬʦʨ ʠ ʜʨ.) [5]. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜ ʩʪʦʯʥʳʭ ʢʘʥʘʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʚʦʜ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʦʜʦʸʤʦʚ [6]. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥ 

ʚʦʜʦʪʦʢ, ʧʨʠʥʠʤʘʶʱʠʡ ʥʘ ʩʝʙʷ ʩʪʦʯʥʳʝ 

ʚʦʜʳ ʩ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ 

ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʨʦʙ 

ʚʦʜʳ ʚ ʩʣʝʜʫʶʱʠʭ ʪʦʯʢʘʭ (ʨʠʩ. 1): 

- ʥʘ ʚʳʧʫʩʢʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʩ 

ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʳ (ʪʦʯʢʘ 1); 

- ʠʟ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʢʘʥʘʚʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

110 ʤʝʪʨʦʚ ʦʪ ʚʳʧʫʩʢʘ (ʪʦʯʢʘ 2); 

- ʚ ʫʩʪʴʝ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʢʘʥʘʚʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 285 ʤʝʪʨʦʚ ʦʪ ʚʳʧʫʩʢʘ (ʪʦʯʢʘ 3). 
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ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ 

 

ɺ ʢʘʯʝʩʪʚʝ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʥʷʪʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʙ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ 

ʣʝʩʥʦʛʦ ʨʫʯʴʷ, ʥʝ ʠʩʧʳʪʳʚʘʶʱʝʛʦ 

ʜʠʬʬʫʟʥʦʡ ʥʘʛʨʫʟʢʠ ʦʪ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. 

ɺ ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙʘʭ, ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ 

ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-5400ɺ ʧʦʩʣʝ 

ʚʳʧʘʨʠʚʘʥʠʷ ʠ ʩʞʠʛʘʥʠʷ ʚ ʩʝʨʥʦʡ ʢʠʩʣʦʪʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʇʨʦʙʳ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʳʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʚʳʚʦʜʘ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʳ (ʪʦʯʢʘ 1), ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ (ʪʘʙʣ. 1, 

ʨʠʩ. 1). ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ ʩʙʨʦʩʘ, ʚʥʠʟ 

ʧʦ ʪʝʯʝʥʠʶ ʢʘʥʘʚʳ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʘʚʣʝʥʠʝ 

ʚʦʜʦʡ, ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʩʦʩʝʜʥʠʭ 

ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʢʘʥʘʚ ʩʝʣʴʭʦʟʫʛʦʜʠʡ, ʘ 

ʪʘʢʞʝ ʩʘʤʦʦʯʠʱʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʘʭ ʚʦʜʳ 

ʩʥʠʞʘʝʪʩʷ (ʪʦʯʢʠ 2, 3) ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ ʢ 

ʤʦʤʝʥʪʫ ʚʧʘʜʝʥʠʷ ʢʘʥʘʚʳ ʚ ʨʝʢʫ ʃʫʛʘ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʜʘ ʚʝʣʠʯʠʥʘ 

ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʨʝʢʠ, ʥʦ ʠ ʦʪ ʚʦʜʥʦʩʪʠ ʛʦʜʘ. 

ɺ ʤʘʣʦʚʦʜʥʳʝ ʛʦʜʳ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʘ ʚ ʤʥʦʛʦʚʦʜʥʳʝ ï ʩʥʠʞʘʪʴʩʷ. ɺʥʫʪʨʠ ʛʦʜʘ 

ʥʘʛʨʫʟʢʘ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ: ʚ ʤʝʞʝʥʴ ī 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʚ ʧʦʣʦʚʦʜʴʝ ï ʫʤʝʥʴʰʘʝʪʩʷ 

[7, 8]. 

ʅʘʠʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʥʘ 

ʚʩʝʭ ʪʦʯʢʘʭ ʦʪʙʦʨʘ ʧʨʦʙ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʚʦʜʳ, ʦʪʦʙʨʘʥʥʦʡ 23 ʤʘʷ, ʥʘʠʙʦʣʴʰʝʝ ï ʜʣʷ 

ʚʦʜʳ, ʦʪʦʙʨʘʥʥʦʡ 26 ʩʝʥʪʷʙʨʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʙʲʷʩʥʷʶʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ 

ʦʩʘʜʢʦʚ (ʨʠʩ. 3) ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝʤ ʨʘʙʦʪ 

ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʧʦʣʷʭ. 

ʊʘʢ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʣʘʞʥʝʥʠʠ 

ʧʦʯʚʳ ʠ ʫʚʝʣʠʯʝʥʠʠ ʩʪʦʢʘ ʚ ʚʝʩʝʥʥʠʡ 

ʧʝʨʠʦʜ, ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʘʚʣʝʥʠʝ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʘʭ (ʧʨʦʙʳ ʦʪ 23.05). 

ʋʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʘʢʪʠʚʥʘʷ 

ʚʝʛʝʪʘʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, 

ʘʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʭ ʚʦʜʫ ʠʟ ʧʦʯʚʳ, 

ʧʨʠʚʦʜʷʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʢʘ ʠ ʥʝʢʦʪʦʨʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ 

(ʧʨʦʙʳ ʦʪ 08.07 ʠ 28.08). 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʝ, ʦʪʦʙʨʘʥʥʦʡ 26.09 ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ ʠ ʙʦʣʝʝ ʘʢʪʠʚʥʳʤ ʩʙʨʦʩʦʤ 

ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʩ ʪʝʨʨʠʪʦʨʠʠ 

ʬʝʨʤʳ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ, ʤʛ/ʜʤ
3
 

ʄʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙ 
ɼʘʪʘ ʦʪʙʦʨʘ ʧʨʦʙ 

23.05 08.07 28.08 26.09 23.10 

ʊʦʯʢʘ 1 - ʩʙʨʦʩ ʩ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʳ 0,048 0,34 0,29 1,76 0,47 

ʊʦʯʢʘ 2 ï ʩʝʨʝʜʠʥʘ ʤʝʣʠʦʨʘʪʠʚʥʦʡ 

ʢʘʥʘʚʳ 
0,015 0,21 0,035 0,45 0,14 

ʊʦʯʢʘ 3 ï ʤʝʣʠʦʨʘʪʠʚʥʘʷ ʢʘʥʘʚʘ ʧʨʠ 

ʚʧʘʜʝʥʠʠ ʚ ʨ. ʃʫʛʘ 
0,012 0,13 0,017 0,034 0,17 

ʃʝʩʥʦʡ ʨʫʯʝʡ, ʅʦʚʛʦʨʦʜʩʢʘʷ ʦʙʣ. ʩʣʝʜʳ ʩʣʝʜʳ ʩʣʝʜʳ 0,013 0,02 



ʊʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ ʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ 
 

135 

 

 

 
ʈʠʩ. 2. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʘʭ, ʤʛ/ʜʤ
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʷ ʚ 2019 ʛʦʜʫ, ʤʤ 

 

ɺʳʚʦʜʳ 

1. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʘʭ ʚʦʜʳ, 

ʚʟʷʪʳʭ ʥʘ ʨʘʟʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʤʝʩʪʘ 

ʩʙʨʦʩʘ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʠ ʫʜʘʣʝʥʠʠ ʦʪ 

ʪʦʯʢʠ ʩʙʨʦʩʘ, ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʢʘʥʘʚʳ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʙʘʚʣʝʥʠʝ ʚʦʜʦʡ, 

ʧʦʩʪʫʧʘʶʱʝʡ ʠʟ ʩʦʩʝʜʥʠʭ ʚʦʜʦʪʦʢʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ 

ʩʥʠʞʘʝʪʩʷ ʢ ʤʝʩʪʫ ʚʧʘʜʝʥʠʷ ʢʘʥʘʚʳ ʚ ʨʝʢʫ. 

ʊʘʢ, ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 110 ʤʝʪʨʦʚ ʦʪ ʚʳʧʫʩʢʘ ʩʪʦʯʥʳʭ 

ʚʦʜ ʩ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤʳ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 38,2 

% (ʧʨʦʙʘ, ʦʪʦʙʨʘʥʥʘʷ 08.07.2019) ʜʦ 87,9 % 

(ʧʨʦʙʘ ʦʪ 29.08.2019). ʅʘ ʨʘʩʩʪʦʷʥʠʠ 285 

ʤʝʪʨʦʚ ʦʪ ʚʳʧʫʩʢʘ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ 

ʩʥʠʞʘʣʦʩʴ ʥʘ ʚʝʣʠʯʠʥʫ ʦʪ 61,8 % (ʧʨʦʙʘ ʦʪ 

08.07.2019) ʜʦ 98,1 % (ʧʨʦʙʘ ʦʪ 26.09.2019).; 

2. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ 

ʤʝʣʠʦʨʘʪʠʚʥʦʛʦ ʢʘʥʘʣʘ ʩʝʣʴʭʦʟʫʛʦʜʠʡ 

ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʛʦʜʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʦʩʘʜʢʦʚ. ɺ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ, ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʦʤʘʯʠʚʘʥʠʠ ʧʦʯʚʳ ʠ 

ʫʚʝʣʠʯʝʥʠʠ ʩʪʦʢʘ, ʘʢʪʠʚʥʦ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʙʘʚʣʝʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʧʨʦʙʘʭ. ʋʤʝʥʴʰʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʘʢʪʠʚʥʘʷ ʚʝʛʝʪʘʮʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʘʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʶʱʠʭ ʚʦʜʫ ʠʟ ʧʦʯʚʳ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʢʘ ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ ʚ ʚʦʜʝ. 
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ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ʋʢʨʫʧʥʝʥʠʝ ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʦʩʪʨʝʥʠʶ ʧʨʦʙʣʝʤʳ ʟʘʧʘʭʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʞʘʣʦʙʘʤ 

ʥʘʩʝʣʝʥʠʷ ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ 

ʟʘʧʘʭʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʨʘʟʨʘʙʦʪʢʝ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʦʯʠʩʪʢʝ ʚʦʟʜʫʭʘ, ʟʘʛʨʷʟʥʸʥʥʦʛʦ ʚʳʙʨʦʩʘʤʠ ʢʨʫʧʥʳʭ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ, ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʥʘʚʦʟʘ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʫʯʸʪʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʨʘʩʣʠ ʩʚʠʥʦʚʦʜʩʪʚʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ, 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜʳ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʚʝʞʠʡ 

(ʥʘʪʠʚʥʳʡ) ʥʘʚʦʟ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʩʚʠʥʝʡ 4-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʧʦʜʢʠʩʣʝʥʥʳʡ ʦʪʭʦʜʥʦʡ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ çɻʘʣʦʇʦʣʠʤʝʨ ʂʠʨʦʚʦ-ʏʝʧʝʮʢè ʩʚʠʥʦʡ ʥʘʚʦʟ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ ʟʘʧʘʭʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʦʜʢʠʩʣʝʥʠʝ ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ ʦʪʭʦʜʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʜʦ ʨʅ 5,3Ñ0,2 ʝʜ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʘ ʧʨʘʢʪʠʢʝ 

ʧʨʠʤʝʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʙʝʟʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʡ ʦʪʭʦʜʦʚ 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʨʝʟʢʦʝ 

ʩʦʢʨʘʱʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʫʨʥʦʧʘʭʥʫʱʠʭ ʦʪʭʦʜʦʚ, ʦʩʦʙʝʥʥʦ ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʘʤʤʠʘʢʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʟʘʧʘʭʦʚʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʦʟʜʦʨʦʚʣʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʙʣʠʟʣʝʞʘʱʠʭ ʩʝʣʠʪʝʙʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʚʠʥʦʡ ʥʘʚʦʟ, ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ, ʨʅ, ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʫʨʝʘʟʘ, 

ʟʘʧʘʭʦʦʙʨʘʟʫʶʱʠʝ ʚʝʱʝʩʪʚʘ, ʘʤʤʠʘʢ, ʩʝʨʦʚʦʜʦʨʦʜ. 
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METHOD OF AIR CLEANING FROM ODOR-FORMING SUBSTANCES ORIGINATING 

FROM PIG COMPLEXES 

 

L.V. Pilip, Cand. Sc. (Veterinary) 

 

Vyatka State Agricultural Academy, Kirov, Russia  

 

Pig production is a source of intense odor pollution of atmospheric air. The enlargement of existing and 

construction of new complexes leads to a significant aggravation of the problem of odor pollution and 

numerous complaints of the population about the state of the environment. This situation determines the high 

relevance and practical significance of research aimed at solving the problem of reducing the emissions of 

odor-forming substances. The purpose of the work was to develop a sound approach to the cleaning of air 

polluted by emissions from large pig farms by decreasing the intensity of microbiological processes of 

manure decomposition by chemical methods. Experimental studies were carried out in laboratory conditions, 

taking into account the technological features of the pig industry. We used gravimetric, potentiometric and 

titrimetric methods. The object of the study was fresh (native) manure of 4 months-old pigs and the manure 

acidified with waste sulfuric acid produced by çHaloPolymer Kirovo-Chepetskè. It was found that manure 

acidification by the waste sulfuric acid to pH 5.3 Ñ 0.2 can become an effective method of reducing the 

emission of odor-forming substances that will make it possible to put into practice the environmental 

principle of waste-free technologies through the use of chemical waste for the disposal of agricultural waste. 

The forecast result of the introduction of this technological method into practice is a sharp decrease in the 

amount of odorous waste, especially ammonia and hydrogen sulfide, which are the priority pollutants 

generated on pig farms, and a significant reduction in odor pollution and improvement in the environmental 

situation in the nearby residential areas.  

 

Key words: pig manure, sulfuric acid, pH, atmospheric air, urease, odor-forming substance, ammonia, 

hydrogen sulfide. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʛʨʘʤʤʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ 

ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʩʚʠʥʦʚʦʜʩʪʚʘ ʚ ʈʌ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ 

ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʦʟʜʘʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʠʝʤ ʦʛʨʦʤʥʦʛʦ 

ʧʦʛʦʣʦʚʴʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʣʦʱʘʜʷʭ. ʇʦ 

ʜʘʥʥʳʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 

ʈʌ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʷʩʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʸʪ ʩʚʠʥʦʚʦʜʩʪʚʘ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʘ. ʊʘʢ, ʚ 2019 ʛʦʜʫ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʩʚʠʥʠʥʳ ʚʳʨʘʩʪʝʪ ʥʘ 4% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

2018 ʛʦʜʦʤ [5].  

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ 

ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʙʣʠʟʣʝʞʘʱʠʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʠ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʥʝ 

ʪʦʣʴʢʦ ʩʚʠʥʝʡ, ʥʦ ʠ ʯʝʣʦʚʝʢʘ. ɼʘʥʥʳʝ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʤʘʢʩʠʤʘʣʴʥʦ 

ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʧʦʯʚʫ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʆʥʠ ʩʪʘʥʦʚʷʪʩʷ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, 

ʦʢʩʠʜʘ ʘʟʦʪʘ, ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʤʝʪʘʥʘ, 

ʜʠʦʢʩʠʜʘ ʩʝʨʳ, ʧʳʣʠ ʚ ʘʪʤʦʩʬʝʨʫ. ɺ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʘʤʝʨʠʢʘʥʩʢʠʭ ʫʯʝʥʳʭ ʙʳʣʦ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʧʦʨʷʜʢʘ 200 ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʚʦʟʜʫʭʝ 

ʩʚʠʥʦʬʝʨʤ. ʅʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʵʢʦʩʠʩʪʝʤʳ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ 

ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ [2,3,6,7,13].  

ʆʩʥʦʚʥʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʵʤʠʩʩʠʠ ʛʘʟʦʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʝʪʩʷ ʥʘʚʦʟ, 

ʧʨʦʜʫʮʠʨʫʶʱʠʡ ʧʨʠ ʭʨʘʥʝʥʠʠ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ, ʘʤʤʠʘʢ, ʩʝʨʦʚʦʜʦʨʦʜ, ʤʝʨʢʘʧʪʘʥʳ ʠ 

ʜʨʫʛʠʝ ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʧʦ ʟʘʱʠʪʝ ʥʘʩʝʣʝʥʠʷ, 

ʞʠʚʦʪʥʳʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʪʘʣʦ 

ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ 

ʚʦʟʜʫʭʘ ʦʪ ʣʝʪʫʯʠʭ ʧʘʭʥʫʱʠʭ ʚʝʱʝʩʪʚ, 

ʠʩʪʦʯʥʠʢʦʤ ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʩʚʠʥʦʢʦʤʧʣʝʢʩʳ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʵʢʦʣʦʛʠʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [3,6]. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʨʝʜʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ 

ʧʨʠʤʝʩʝʡ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩʚʠʥʘʨʥʠʢʦʚ 

ʟʘʚʠʩʠʪ ʦʪ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ, 

ʩʧʦʩʦʙʦʚ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ, ʨʝʞʠʤʦʚ 

ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ, ʪʠʧʘ ʢʦʨʤʣʝʥʠʷ, ʩʠʩʪʝʤʳ 

ʚʝʥʪʠʣʷʮʠʠ ʠ ʜʨʫʛʠʭ ʧʨʠʯʠʥ [4,8,11]. 

ʀʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

ʣʝʪʫʯʠʭ ʧʘʭʥʫʱʠʭ ʚʝʱʝʩʪʚ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʭʨʘʥʝʥʠʷ ʥʘʚʦʟʘ, ʛʜʝ ʩʤʝʩʴ 

ʬʝʢʘʣʠʡ ʠ ʤʦʯʠ ʨʘʟʣʘʛʘʝʪʩʷ ʙʘʢʪʝʨʠʷʤʠ ʚ 

ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʚʠʥʦʡ ʥʘʚʦʟ 

ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʨʘʟʣʦʞʝʥʠʷ 

ʥʘʚʦʟʘ, ʚʳʩʪʫʧʘʶʪ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʨʅ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʙʘʢʪʝʨʠʡ 

ʨʦʜʘ Clostridium, ʧʨʠʥʠʤʘʶʱʠʭ ʘʢʪʠʚʥʦʝ 

ʫʯʘʩʪʠʝ ʚ ʨʘʟʣʦʞʝʥʠʠ ʥʘʚʦʟʘ ʜʘʞʝ ʚ ʦʙʣʘʩʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ 

Clostridium ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘ 

ʩʯʝʪ ʨʘʟʣʦʞʝʥʠʷ ʘʤʠʥʦʢʠʩʣʦʪ ʚʥʦʩʠʪ 

ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝ ʣʝʪʫʯʠʭ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ (ʃɾʂ). ɺʪʦʨʳʤ ʚʘʞʥʝʡʰʠʤ 

ʧʨʦʜʫʮʝʥʪʦʤ ʃɾʂ ʷʚʣʷʶʪʩʷ ʙʘʢʪʝʨʠʠ ʨʦʜʘ 

Eubacterium. ɼʘʥʥʳʡ ʨʦʜ ʠʤʝʝʪ ʙʦʣʝʝ ʫʟʢʠʡ, 

ʯʝʤ Clostridium ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ 

ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʦʥ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ [14,15].  

ʇʨʠʦʨʠʪʝʪʥʳʤʠ ʟʘʧʘʭʦʦʙʨʘʟʫʶʱʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ʩʚʠʥʦʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ 

ʘʤʤʠʘʢ (ʥʠʪʨʠʜ ʚʦʜʦʨʦʜʘ) ʠ ʩʝʨʦʚʦʜʦʨʦʜ 

(ʜʠʛʠʜʨʦʩʫʣʴʬʠʜ). ʅʝ ʤʝʥʝʝ ʪʦʢʩʠʯʥʳʤʠ  ʠ 

çʘʨʦʤʘʪʥʳʤʠè ʷʚʣʷʶʪʩʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʪʠʦʣʳ: ʤʝʪʠʣʤʝʨʢʘʧʪʘʥ (CH3SH) ʠ 

ʵʪʠʣʤʝʨʢʘʧʪʘʥ (C2H5SH), ʠʟʚʝʩʪʥʳʝ ʢʘʢ 

çʟʘʧʘʭ ʭʨʷʢʘè ʠ ʩʫʣʴʬʠʜʳ, ʥʘʧʨʠʤʝʨ 

ʜʠʤʝʪʠʣʩʫʣʴʬʠʜ (CH3-S-CH3) ʠ 
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ʜʠʤʝʪʠʣʜʠʩʫʣʴʬʠʜ (CH3-S-S-CH3). ʊʘʢʞʝ 

ʩʚʠʥʦʡ ʥʘʚʦʟ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ 

ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩʧʠʨʪʘʤʠ: ʤʝʪʘʥʦʣ 

(CH3-OH); ʘʣʴʜʝʛʠʜʘʤʠ: ʵʪʘʥʘʣʴ (CH3-COH), 

ʧʨʦʧʘʥʘʣʴ (CH3-CH2-COH), ʙʫʪʘʥʘʣʴ (CH3-

CH2-CH2-COH); ʢʘʨʙʦʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ: 

ʵʪʘʥʦʚʘʷ (CH3-COOH), ʧʨʦʧʘʥʦʚʘʷ (CH3-

CH2-COOH), ʙʫʪʘʥʦʚʘʷ (CH3-(CH2)2-COOH), 

ʧʝʥʪʘʥʦʚʘʷ (CH3-(CH2)3-COOH), ʛʝʢʩʘʥʦʚʘʷ 

ʢʠʩʣʦʪʘ (CH3-(CH2)4-COOH); ʩʣʦʞʥʳʤʠ 

ʵʬʠʨʘʤʠ: ʵʪʠʣʬʦʨʤʠʘʪ (HCOOC2H5); 

ʘʤʠʥʘʤʠ: ʤʝʪʠʣʘʤʠʥ (CH3NH2) ʠ 

ʜʠʤʝʪʠʣʘʤʠʥ (CH3Nʅʉʅ3). ɸʨʦʤʘʪʠʯʝʩʢʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʯʘʱʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʝʥʘʤʠ (ʪʦʣʫʦʣ, ʢʩʠʣʦʣ), 

ʬʝʥʦʣʘʤʠ (ʬʝʥʦʣ ʠ ʢʨʝʟʦʣ) ʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʘʤʠʥʘʤʠ (ʩʢʘʪʦʣ, ʠʥʜʦʣ) 

[9,13,14]. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʨʝʰʝʥʠʶ 

ʧʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ 

ʚʳʙʨʦʩʘʤʠ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʝʢʪʨ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ, 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ 

ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ ʦʛʨʘʥʠʯʝʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ, ʘ ʪʘʢʞʝ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʅʘʠʙʦʣʝʝ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ ʦʢʘʟʘʣʠʩʴ ʬʠʟʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ [8,11]. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʦʯʠʩʪʢʠ ʚʳʙʨʦʩʦʚ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʚʠʜʝ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʩʝʨʳ ʟʘ ʩʯʸʪ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 

ʥʘʚʦʟʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʩʚʝʞʠʡ 

(ʥʘʪʠʚʥʳʡ) ʥʘʚʦʟ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʩʚʠʥʝʡ 4-

ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʥʘ 

ʦʪʢʦʨʤʝ ʥʘ ʦʜʥʦʤ ʠʟ ʢʨʫʧʥʳʭ 

ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚ ʂʠʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩ ʦʙʱʠʤ ʧʦʛʦʣʦʚʴʝʤ ʙʦʣʝʝ 65000 ʛʦʣʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʚ ʫʩʣʦʚʠʷʭ 

ʣʘʙʦʨʘʪʦʨʠʠ. ɺʣʘʞʥʦʩʪʴ ʥʘʚʦʟʘ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 

ʨʅ ʦʧʨʝʜʝʣʷʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠ ʩ 

ʧʦʤʦʱʴʶ ʨʅ ʤʝʪʨʘ çʨʅï150 ʄè. ɼʣʷ 

ʧʦʜʢʠʩʣʝʥʠʷ ʥʘʚʦʟʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʭʦʜʥʫʶ 

ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ (ʆʆʆ çɻʘʣʦʇʦʣʠʤʝʨ 

ʂʠʨʦʚʦ-ʏʝʧʝʮʢè). ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʦʪʭʦʜʥʦʡ 

ʢʠʩʣʦʪʳ ʩʦʩʪʘʚʣʷʣʘ 86,99%, ʧʣʦʪʥʦʩʪʴ 1,795 

ʛ/ʩʤ
3
. ʀʟ ʠʩʭʦʜʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʤʝʪʦʜʦʤ 

ʨʘʟʙʘʚʣʝʥʠʷ ʚʦʜʦʡ ʛʦʪʦʚʠʣʩʷ ʨʘʙʦʯʠʡ 

ʨʘʩʪʚʦʨ ʩ ʤʘʩʩʦʚʦʡ ʜʦʣʝʡ 8,7%.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʅ ʥʘ ʦʙʱʫʶ 

ʩʢʦʨʦʩʪʴ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʚʦʟʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʚʳʪʝʩʥʝʥʠʷ ʞʠʜʢʦʩʪʠ 

ʛʘʟʘʤʠ (ʨʠʩ.1).  

 
ʈʠʩ. 1. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ 

ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʨʅ ʥʘʚʦʟʘ: 

1 ï ʢʦʥʪʨʦʣʴʥʘʷ ʧʨʦʙʘ ʥʘʚʦʟʘ ʩ ʨʅ 7,4; 

2 ï ʦʧʳʪʥʘʷ ʧʨʦʙʘ ʥʘʚʦʟʘ ʩ ʨʅ 5,3; 

3 ï ʢʦʥʪʨʦʣʴʥʳʡ ʩʦʩʫʜ; 4 ï ʦʧʳʪʥʳʡ ʩʦʩʫʜ; 

5 ï ʫʨʦʚʝʥʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʝ; 

6 ï ʫʨʦʚʝʥʴ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʦʧʳʪʥʦʡ ʧʨʦʙʝ. 
 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 30
ʦ
ʉ ʠ ʜʘʚʣʝʥʠʝ 762 ʤʤ ʨʪ. ʩʪ. 

ɺʨʝʤʷ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʠʣʦ 5 ʩʫʪʦʢ. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʩʚʝʞʠʡ ʩʚʠʥʦʡ ʥʘʚʦʟ, ʨʅ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʣ 

7,4Ñ0,1. ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʜʢʠʩʣʝʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ, ʚ ʩʚʠʥʦʡ ʥʘʚʦʟ 

ʜʦʙʘʚʣʷʣʩʷ ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʟʘ ʩʯʝʪ 

ʯʝʛʦ ʨʅ ʩʥʠʞʘʣʩʷ ʜʦ ʫʨʦʚʥʷ 5,3Ñ0,2. ʄʘʩʩʘ 

ʥʘʚʦʟʘ ʚ ʧʨʦʙʘʭ ʩʦʩʪʘʚʣʷʣʘ 200 ʛ.  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʘʤʤʠʘʢʘ ʦʧʨʝʜʝʣʷʣʠ 

ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʝ ʪʠʪʨʦʚʘʥʠʝ). ɺʦʟʜʫʭ, 
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ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩʦ ʩʚʠʥʳʤ ʥʘʚʦʟʦʤ, 

ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʧʦʛʣʦʪʠʪʝʣʴ ï 0,01 ʥ 

ʨʘʩʪʚʦʨ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʩʢʣʷʥʢʘʭ ɼʨʝʢʩʝʣʷ. ʅʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʫʶ ʩ 

ʘʤʤʠʘʢʦʤ ʩʝʨʥʫʶ ʢʠʩʣʦʪʫ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ 

ʪʠʪʨʦʚʘʣʠ 0,01 ʥ ʨʘʩʪʚʦʨʦʤ ʛʠʜʨʦʢʩʠʜʘ 

ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ 

ʬʝʥʦʣʬʪʘʣʝʠʥʘ. ʉ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʢʦʣʠʯʝʩʪʚʘ, ʧʨʦʧʫʱʝʥʥʦʛʦ 

ʯʝʨʝʟ ʧʦʛʣʦʪʠʪʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʫʭʘ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʤʤʠʘʢʘ ʚ 

ʤʛ/ʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 5 ʩʫʪʦʢ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʪʨʠʞʜʳ, ʨʘʩʯʸʪ ʙʨʘʣʠ ʧʦ ʩʨʝʜʥʝʤʫ 

ʟʥʘʯʝʥʠʶ.  

ʂʦʥʮʝʥʪʨʘʮʠʶ ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʧʨʝʜʝʣʷʣʠ 

ʘʥʘʣʦʛʠʯʥʦ, ʥʦ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʠʦʜʦʤʝʪʨʠʠ. 

ɺʦʟʜʫʭ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʡ ʩʦ ʩʚʠʥʳʤ 

ʥʘʚʦʟʦʤ, ʧʨʦʧʫʩʢʘʣʠ ʯʝʨʝʟ ʧʦʛʣʦʪʠʪʝʣʴ ï 

0,01 ʥ ʨʘʩʪʚʦʨ ʠʦʜʘ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʩʢʣʷʥʢʘʭ 

ɼʨʝʢʩʝʣʷ. ʅʝ ʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʩ 

ʩʝʨʦʚʦʜʦʨʦʜʦʤ ʠʦʜ ʚ ʦʙʱʝʤ ʦʙʲʸʤʝ 

ʪʠʪʨʦʚʘʣʠ 0,01 ʥ ʨʘʩʪʚʦʨʦʤ ʛʠʧʦʩʫʣʴʬʠʪʘ 

ʥʘʪʨʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 0,5% ʨʘʩʪʚʦʨʘ 

ʢʨʘʭʤʘʣʘ. ʉ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʯʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠ ʢʦʣʠʯʝʩʪʚʘ, ʧʨʦʧʫʱʝʥʥʦʛʦ 

ʯʝʨʝʟ ʧʦʛʣʦʪʠʪʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʦʟʜʫʭʘ, 

ʧʨʠʚʝʜʝʥʥʦʛʦ ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʚ ʤʛ/ʣ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 5 ʩʫʪʦʢ. ʊʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ 

ʪʨʠʞʜʳ, ʨʘʩʯʸʪ ʙʨʘʣʠ ʧʦ ʩʨʝʜʥʝʤʫ 

ʟʥʘʯʝʥʠʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʝʛʘʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʥʘʚʦʟ ʞʠʚʦʪʥʳʭ 

ʠ ʧʦʤʸʪ ʧʪʠʮ. ʇʨʠ ʥʝʦʙʦʩʥʦʚʘʥʥʦʤ ʚʳʙʦʨʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʧʨʘʚʠʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʚʦʟʘ, ʜʘʥʥʳʡ ʦʪʭʦʜ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʉʫʪʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʥʘʚʦʟʘ ʦʪ ʩʚʠʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʚʦʟʨʘʩʪʥʦʡ 

ʛʨʫʧʧʳ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ ʠ 

ʢʦʨʤʣʝʥʠʷ ʞʠʚʦʪʥʳʭ. ʉʦʛʣʘʩʥʦ ʈɼ-ɸʇʂ 

1.10.15.02-17 ʩʫʪʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʥʘʚʦʟʘ ʦʪ 

ʩʚʠʥʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʚʦʟʨʘʩʪʥʦʡ ʛʨʫʧʧʳ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʜʣʷ ʞʠʚʦʪʥʳʭ ʥʘ ʦʪʢʦʨʤʝ ʜʦ 6,5 

ʢʛ ʚ ʩʫʪʢʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜ 

ʢʦʣʠʯʝʩʪʚʦʤ ʥʘʚʦʟʘ ʧʦʥʠʤʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʢʨʝʤʝʥʪʳ ʩʚʠʥʝʡ (ʢʘʣ ʠ 

ʤʦʯʘ), ʥʦ ʠ ʨʘʩʭʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʦʜʳ. 

ʇʨʠ ʵʪʦʤ ʜʣʷ ʨʘʩʯʸʪʘ ʫʢʨʫʧʥʝʥʥʦʡ ʦʮʝʥʢʠ 

ʩʫʪʦʯʥʦʛʦ ʠ ʛʦʜʦʚʦʛʦ ʚʳʭʦʜʘ ʥʘʚʦʟʘ ʜʣʷ 

ʦʪʢʦʨʤʦʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 10,25 

ʧʦʤʥʦʞʝʥʥʳʡ ʥʘ ʧʦʛʦʣʦʚʴʝ [1]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚ ʛʦʜ 1 ʜʚʦʨ ʥʘ ʦʪʢʦʨʤʝ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʧʦʨʷʜʢʘ 7,5 ʪʳʩʷʯ ʪʦʥʥ, ʚʝʩʴ 

ʢʦʤʧʣʝʢʩ ʧʦʨʷʜʢʘ 240 ʪʳʩʷʯ ʦʪʭʦʜʦʚ ʚ ʚʠʜʝ 

ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʠʨʦʚʩʢʦʡ 

ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ 13 ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʴʶ, ʥʦ ʚʩʝ 

ʦʥʠ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʤʠʩʩʠʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʩʝʨʳ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ. 

ɺ ʠʩʩʣʝʜʫʝʤʦʤ ʦʪʢʦʨʤʦʯʥʦʤ ʧʦʤʝʱʝʥʠʠ 

ʩʚʠʥʴʠ ʩʦʜʝʨʞʘʪʴʩʷ ʥʘ ʱʝʣʝʚʳʭ 

ʧʣʘʩʪʠʢʦʚʳʭ ʧʦʣʘʭ ʙʝʟ ʧʦʜʩʪʠʣʢʠ ʩ 

ʩʘʤʦʩʧʣʘʚʥʦʡ ʩʠʩʪʝʤʦʡ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ. 

ʅʘʚʦʟ ʢʦʧʠʪʩʷ ʚ ʚʘʥʥʘʭ (ʜʣʠʥʘ 21,5 ʤ; 

ʰʠʨʠʥʘ 2,4 ʤ; ʛʣʫʙʠʥʘ 0,65 ʤ; ʦʙʲʝʤ 

33,54 ʤ
3
), ʢʦʪʦʨʳʝ ʦʩʚʦʙʦʞʜʘʶʪ ʧʫʪʝʤ 

ʦʪʢʨʳʪʠʷ ʟʘʩʣʦʥʢʠ ʧʨʦʙʢʦʚʦʛʦ ʪʠʧʘ ʢʘʞʜʳʝ 

14 ʜʥʝʡ. ɼʝʡʩʪʚʫʶʱʘʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ 

ʩʠʩʪʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ ʚ 

ʥʘʚʦʟʥʳʭ ʚʘʥʥʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʘʙʠʣʴʥʦ 

ʚʳʩʦʢʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʘʤʤʠʘʢʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʚʦʟʜʫʭ ʩʚʠʥʘʨʥʠʢʦʚ, ʧʨʠʯʝʤ 

ʘʤʤʠʘʢ ʚʳʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ 

ʩʚʝʞʠʭ ʩʪʦʢʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʚʝʨʭʥʶʶ ʯʘʩʪʴ 

ʚʘʥʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ 

ʧʦʤʝʱʝʥʠʷʭ ʞʠʚʦʪʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʩʬʝʨʝ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʨʘʞʝʥʠʷ 

ʘʤʤʠʘʢʦʤ.  

ʇʦʜʢʠʩʣʝʥʠʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʜʦ ʨʅ 5,3 ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʵʤʠʩʩʠʠ 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ. ʕʤʠʩʩʠʷ 



ISSN 0131-5226. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 

 ʀɸʕʇ. 19. ɺʳʧ. 4 (101)  
 

142 

 

ʛʘʟʦʦʙʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ ʧʦʜʢʠʩʣʝʥʥʦʛʦ 

ʥʘʚʦʟʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʭʨʘʥʝʥʠʷ, ʦʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ 

ʫʨʦʚʥʝ, ʯʝʤ ʵʤʠʩʩʠʷ ʛʘʟʦʚ ʠʟ 

ʥʝʧʦʜʢʠʩʣʝʥʥʦʛʦ ʥʘʚʦʟʘ (ʨʅ 7,4). 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʸʤʘ ʚʳʜʝʣʠʚʰʝʛʦʩʷ ʛʘʟʘ ʦʪ 

ʨʅ ʩʨʝʜʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʩʫʪʦʢ ʦʪʨʘʞʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ʆʙʲʝʤ ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʠʟ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

 

ʕʤʠʩʩʠʷ ʛʘʟʦʚ ʠʟ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʥʘʨʘʩʪʘʝʪ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʭʦʜʘ ʚ ʦʙʦʛʨʝʚʘʝʤʳʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʪ. ʝ. ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʠʭʩʷ 

ʛʘʟʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʦʤ 

ʥʘʢʦʧʣʝʥʥʦʛʦ ʥʘʚʦʟʘ, ʥʦ ʠ ʚʨʝʤʝʥʝʤ 

ʥʘʭʦʞʜʝʥʠʷ ʥʘʚʦʟʘ ʚ ʥʘʚʦʟʥʳʭ ʚʘʥʥʘʭ. ʊʘʢ, 

ʥʘ 4-ʝ ʩʫʪʢʠ ʭʨʘʥʝʥʠʷ ʥʘʚʦʟʘ ʚ ʘʥʘʵʨʦʙʥʳʭ 

ʫʩʣʦʚʠʷʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʶʱʠʭʩʷ 

ʛʘʟʦʚ ʜʦʩʪʦʚʝʨʥʦ ʚʦʟʨʘʩʪʘʝʪ ʚ 2 ʨʘʟʘ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤʠ ʩʫʪʢʘʤʠ) ʠ ʩʦʩʪʘʚʣʷʝʪ 

480Ñ10 ʤʣ. ʇʨʠ ʧʦʜʢʠʩʣʝʥʠʠ ʥʘʚʦʟʘ ʜʦ ʨʅ 

5,33 ʦʙʲʝʤ ʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʜʦʩʪʦʚʝʨʥʦ 

ʥʠʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʠ 

ʜʦʩʪʠʛʘʣ ʟʥʘʯʝʥʠʡ 142Ñ5 ʯʝʨʝʟ ʩʫʪʢʠ, 225Ñ8 

ʯʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ, 269Ñ5 ʯʝʨʝʟ ʪʨʦʝ ʩʫʪʦʢ ʠ 

289Ñ7 ʯʝʨʝʟ ʯʝʪʚʝʨʦ ʩʫʪʦʢ. ʉʥʠʞʝʥʠʝ 

ʵʤʠʩʩʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʨʘʟʣʦʞʝʥʠʷ ʥʘʚʦʟʘ ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʚ ʮʝʣʦʤ ʜʦʣʞʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʫʣʫʯʰʝʥʠʶ ʢʣʠʤʘʪʘ ʚ ʧʦʤʝʱʝʥʠʷʭ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʫʤʝʥʴʰʝʥʠʶ 

ʥʘʛʨʫʟʢʠ ʥʘ ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ.  

ɹʦʣʝʝ 90% ʚʩʝʭ ʘʥʪʨʦʧʦʛʝʥʥʳʭ 

ʚʳʙʨʦʩʦʚ ʘʤʤʠʘʢʘ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ 

ʚʳʟʚʘʥʳ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʚʦʪʥʳʭ ʠ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ɻʠʛʠʝʥʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʘʤʤʠʘʢʘ ʚ 

ʚʦʟʜʫʭʝ ʩʚʦʙʦʜʥʦʡ ʘʪʤʦʩʬʝʨʳ ʥʠʯʪʦʞʥʦ, 

ʦʜʥʘʢʦ ʝʛʦ ʧʨʝʚʳʰʝʥʠʝ ʢʨʘʡʥʝ ʦʧʘʩʥʦ ʢʘʢ 

ʜʣʷ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʜʣʷ ʚʩʝʡ ʙʠʦʩʬʝʨʳ [3]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʥʠʞʝʥʠʝ ʵʤʠʩʩʠʠ ʘʤʤʠʘʢʘ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ ʠʤʝʶʪ ʚʘʞʥʝʡʰʝʝ ʧʨʠʨʦʜʦʦʭʨʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʦʪ ʨʅ ʥʘʚʦʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʘʭ 3 ʠ 4. 

 
ʈʠʩ. 3 .ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ ʦʪ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʥʘʚʦʟʘ 

 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 2-ʝ 

ʩʫʪʢʠ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʝ (ʨʅ 7,4) ʜʦ 

ʟʥʘʯʝʥʠʷ 7,2Ñ0,6 ʤʛ/ʣ. ɺ ʦʧʳʪʥʦʡ ʧʨʦʙʝ ʩ ʨʅ 

5,3 ʪʘʢʞʝ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʤʤʠʘʢʘ, ʦʜʥʘʢʦ ʜʦ ʟʥʘʯʝʥʠʷ 

1,6Ñ0,2 ʤʛ/ʣ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ ʚ 4,5 ʨʘʟʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʦʡ. ʅʘ 3-ʝ, 

4-ʝ ʠ 5-ʝ ʩʫʪʢʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʤʤʠʘʢʘ 

ʩʥʠʞʘʝʪʩʷ ʚ ʦʙʝʠʭ ʧʨʦʙʘʭ, ʦʜʥʘʢʦ ʚ ʦʧʳʪʥʦʡ 

ʧʨʦʙʝ ʟʥʘʯʝʥʠʷ ʙʳʣʠ ʚ 4; 2,5 ʠ 2 ʨʘʟʘ 

ʜʦʩʪʦʚʝʨʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʩʦʩʪʘʚʣʷʣʠ 0,10Ñ0,02, 

0,20Ñ0,03 ʠ 0,30Ñ0,01 ʤʛ/ʣ.  

ʉʥʠʞʝʥʠʝ ʚʳʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʧʦʜʢʠʩʣʝʥʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʠʥʘʢʪʠʚʘʮʠʝʡ ʬʝʨʤʝʥʪʘ ʫʨʝʘʟʳ. ʋʨʝʘʟʘ 

ʷʚʣʷʝʪʩʷ ʬʝʨʤʝʥʪʦʤ 5 ʢʣʘʩʩʘ ï ʛʠʜʨʦʣʘʟʳ ʠ 

ʦʙʣʘʜʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ 

ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʛʠʜʨʦʣʠʟ ʤʦʯʝʚʠʥʳ ʜʦ 

ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʘʤʤʠʘʢʘ:  

CO(NH2)2 + H2O Ÿ CO2 + 2NH3 

ʂʘʢ ʣʶʙʦʤʫ ʬʝʨʤʝʥʪʫ ʫʨʝʘʟʝ 

ʩʚʦʡʩʪʚʝʥʝʥ ʨʅ-ʦʧʪʠʤʫʤ, ʪʦ ʝʩʪʴ 
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ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʅ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʬʝʨʤʝʥʪ ʧʨʦʷʚʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ. ʊʘʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʜʣʷ ʫʨʝʘʟʳ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʅ 7,4, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʨʦʚʥʶ ʨʅ ʩʚʝʞʝʛʦ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ. 

ʋʤʝʥʴʰʝʥʠʝ ʨʅ ʜʦ 5,3 ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 

ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʘ. ʇʦ ʣʠʪʝʨʘʪʫʨʥʳʤ 

ʜʘʥʥʳʤ ʠ ʥʘʰʠʤ ʩʦʙʩʪʚʝʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʅ  ʩʚʝʞʝʛʦ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 6,6 ʜʦ 7,7 [12,14]. 

ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ, 

ʧʦʜʢʠʩʣʝʥʠʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʜʦ ʨʅ 5,5 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʜʝʣʝʥʠʷ ʘʤʤʠʘʢʘ 

ʥʘ 60% [10]. ʇʨʠʤʝʥʝʥʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ 

ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘʚʦʟʘ ʧʨʘʢʪʠʢʫʝʪʩʷ ʚ ʩʪʨʘʥʘʭ 

ʩ ʨʘʟʚʠʪʳʤ ʩʚʠʥʦʚʦʜʩʪʚʦʤ (ɼʘʥʠʷ, ʐʚʝʮʠʷ ʠ 

ʜʨ.). ɼʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ ʜʘʥʥʳʡ 

ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ ʠ ʤʘʣʦ ʠʟʫʯʝʥʥʳʤ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʙʦʣʴʰʦʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ.  

ʉʝʨʦʚʦʜʦʨʦʜ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ 

ʙʘʢʪʝʨʠʘʣʴʥʦʤ ʛʥʠʝʥʠʠ ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʜʝʨʞʘʪ ʚ ʩʦʩʪʘʚʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʝ 

ʘʤʠʥʦʢʠʩʣʦʪʳ (ʤʝʪʠʦʥʠʥ, ʮʠʩʪʠʥ ʠ 

ʮʠʩʪʝʠʥ). ʀʩʪʦʯʥʠʢʦʤ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʷʚʣʷʶʪʩʷ ʢʠʰʝʯʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʢʣʘʜʠʨʦʚʘʥʥʳʡ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚ 

ʧʦʜʧʦʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʥʘʚʦʟʥʳʭ ʚʘʥʥʘʭ 

ʥʘʚʦʟ ʠ ʥʘʚʦʟʥʳʝ ʩʪʦʢʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʝʨʦʚʦʜʦʨʦʜ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʪʦʢʩʠʯʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʛʘʟʦʚ, ʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʥʝʤʫ 

ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ.  

 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 

ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʭʨʘʥʝʥʠʷ ʥʘʚʦʟʘ 

 

ʂʘʢ ʚ ʧʦʜʢʠʩʣʝʥʥʦʤ, ʪʘʢ ʠ ʚ 

ʥʝʧʦʜʢʠʩʣʝʥʥʦʤ ʥʘʚʦʟʝ, ʚʳʜʝʣʝʥʠʝ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʨʘʟʚʠʪʠʝʤ ʛʥʠʣʦʩʪʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ʆʜʥʘʢʦ 

ʚʳʜʝʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʟ ʧʦʜʢʠʩʣʝʥʥʦʛʦ 

ʥʘʚʦʟʘ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʥʘʭʦʜʠʣʦʩʴ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʤ ʫʨʦʚʥʝ, ʯʝʤ 

ʚʳʜʝʣʝʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ ʠʟ ʥʝʧʦʜʢʠʩʣʝʥʥʦʛʦ 

ʥʘʚʦʟʘ (ʥʘ 5 ʩʫʪʢʠ ʨʘʟʥʠʮʘ ʩʦʩʪʘʚʣʷʣʘ 1,3 

ʨʘʟʘ). ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʨʦʚʥʝʤ ʨʅ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʛʥʠʣʦʩʪʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʜʝʩʪʨʫʢʮʠʠ ʩʣʦʞʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʙʝʣʢʦʚ, ʞʠʨʦʚ, 

ʫʛʣʝʚʦʜʦʚ, ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ ʠ ʜʨ.) ʚ 

ʥʘʚʦʟʥʳʭ ʩʪʦʢʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʢʦʤʧʦʥʝʥʪʳ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʝ 

ʨʅ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʪʭʦʜʘ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʟʤʝʥʝʥʠʷ ʨʅ ʥʘʚʦʟʘ ʚ 

ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʩʯʝʪʦʚ ʨʘʩʭʦʜʘ ʨʝʘʛʝʥʪʦʚ ʜʣʷ 

ʧʦʜʢʠʩʣʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʨʅ ʚ 

ʩʚʠʥʦʤ ʥʘʚʦʟʝ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʭʨʘʥʝʥʠʷ 

ʚʳʧʦʣʥʷʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ 5 ʩʫʪʦʢ. ʅʘʚʦʟ ʭʨʘʥʠʣʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 30Ñ2
ʦ
ʉ.  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ 

ʧʨʦʮʝʩʩʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ (5 

ʩʫʪʦʢ) ʥʘʪʠʚʥʦʛʦ ʠ ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʩʚʠʥʦʛʦ 

ʥʘʚʦʟʘ ʨʅ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʠ 

ʵʪʦʤ ʨʅ ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʥʘʚʦʟʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 5,33 ʜʦ 5,85, ʘ ʥʘʪʠʚʥʦʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ 7,62 ʜʦ 7,36. ʋʚʝʣʠʯʝʥʠʝ ʨʅ 

ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʥʘʚʦʟʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʝ ʨʘʩʭʦʜʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʥʘʚʦʟʥʳʭ ʩʪʦʢʦʚ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʅ ʦʜʥʦʡ 

ʪʦʥʥʳ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ (ʚʣʘʞʥʦʩʪʴʶ 88%) 

ʩ 7,6 ʜʦ 5,3 ʪʨʝʙʫʝʪʩʷ 9,77 ʢʛ ʦʪʭʦʜʥʦʡ 

ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (87% ʤʘʩʩ.).  

ʈʘʩʭʦʜ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʠ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʦʛʦ 

https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B8%D0%BD%D0%BE%D0%BA%D0%B8%D1%81%D0%BB%D0%BE%D1%82%D1%8B
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B8%D0%BE%D0%BD%D0%B8%D0%BD
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%81%D1%82%D0%B5%D0%B8%D0%BD
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ʥʘʚʦʟʘ. ʏʝʤ ʚʳʰʝ ʚʣʘʞʥʦʩʪʴ ʥʘʚʦʟʥʳʭ 

ʩʪʦʢʦʚ, ʪʝʤ ʤʝʥʴʰʠʤ ʙʫʜʝʪ ʨʘʩʭʦʜ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ. ʇʦʩʢʦʣʴʢʫ ʧʦʜʢʠʩʣʷʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʘʢʪʠʚʥʦ 

ʧʦʜʘʚʣʷʝʪʩʷ ʙʫʬʝʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʥʘʚʦʟʘ, ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʩʪʦʢʘʭ ʧʨʠʚʝʜʝʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʩʭʦʜʘ ʨʝʘʛʝʥʪʘ (ʅ2SO4). ʊʘʢ, ʫʚʝʣʠʯʝʥʠʝ 

ʚʣʘʞʥʦʩʪʠ ʩ 88 ʜʦ 98% ʵʢʚʠʚʘʣʝʥʪʥʦ 

ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʥʘʚʦʟʥʳʭ ʩʪʦʢʘʭ ʚ 6 ʨʘʟ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʛʫʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʫʩʣʦʚʠʡ, 

ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʦʤʝʱʝʥʠʷʭ, ʘ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʘʚʦʟʘ 

ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʮʠʦʥʘ, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʵʤʠʩʩʠʠ 

ʟʘʧʘʭʦʦʙʨʘʟʫʶʱʠʭ ʚʝʱʝʩʪʚ ʠʟ ʥʘʚʦʟʥʳʭ 

ʩʪʦʢʦʚ.  

ɺʳʚʦʜʳ 

ʋʨʦʚʝʥʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʘʤʤʠʘʢʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ ʚ ʧʦʜʢʠʩʣʝʥʥʦʤ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʦʡ ʥʘʚʦʟʝ ʩʥʠʞʘʝʪʩʷ ʦʪ 2 ʜʦ 5 ʨʘʟ ʧʦ 

ʘʤʤʠʘʢʫ ʠ ʦʪ 1,3 ʜʦ 1,7 ʨʘʟ ʧʦ ʩʝʨʦʚʦʜʦʨʦʜʫ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʪ ʩʫʪʦʢ ʭʨʘʥʝʥʠʷ, ʜʦʩʪʠʛʘʷ 

ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘ 2-ʝ ʩʫʪʢʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ 

ʥʘʪʠʚʥʦʛʦ ʠ ʧʦʜʢʠʩʣʝʥʥʦʛʦ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

ʨʅ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɼʣʷ 

ʩʥʠʞʝʥʠʷ ʨʅ ʦʜʥʦʡ ʪʦʥʥʳ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ 

(ʚʣʘʞʥʦʩʪʴʶ 88%) ʩ 7,6 ʜʦ 5,3 ʪʨʝʙʫʝʪʩʷ 

9,77 ʢʛ ʦʪʭʦʜʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ (87% 

ʤʘʩʩ.).  

ʇʦʜʢʠʩʣʝʥʠʝ ʥʘʚʦʟʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʧʦʜʧʦʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʚʠʥʦʬʝʨʤ, ʠ 

ʷʚʣʷʶʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʦʤ ʩʦʝʜʠʥʝʥʠʡ 

ʘʤʤʠʘʢʘ, ʩʝʨʳ ʠ ʜʫʨʥʦʧʘʭʥʫʱʝʡ ʦʨʛʘʥʠʢʠ 

ʦʪʭʦʜʥʦʡ ʩʝʨʥʦʡ ʢʠʩʣʦʪʦʡ ʫʤʝʥʴʰʘʝʪ ʦʙʲʸʤ 

ʚʳʜʝʣʷʶʱʠʭʩʷ ʛʘʟʦʚ ʚ 2 ʨʘʟʘ ʟʘ ʩʯʸʪ 

ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʥʘʚʦʟʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʪʨʝʙʫʝʪ ʥʝʛʣʫʙʦʢʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʥʘʚʦʟʦʫʜʘʣʝʥʠʷ ʥʘ 

ʩʚʠʥʦʬʝʨʤʘʭ. 
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