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ʉʠʩʪʝʤʘ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʡ ʘʛʨʝʛʘʪʦʚ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʦʠʪ ʠʟ ʦʙʲʝʜʠʥʝʥ-

ʥʳʭ ʚ ʦʜʥʫ ʩʝʪʴ ʠʥʪʝʨʬʝʡʩʥʳʭ ʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʜʫʨʫ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʝʝ ʧʨʦʚʝʜʝʥʠʝ. ʅʦ ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʪʦʤʦʙʠʣʝʡ ʠʤʝʶʪ ʪʘʢʠʝ 
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ʛʥʦʩʪʠʯʝʩʢʠʭ ʪʝʩʪʝʨʦʚ (ʢʘʥʘʣ OBD II) ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʩʪʝʥʜʦʚ, ʠʟ-ʟʘ ʩʚʦʝʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘ ʘʚ-
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ʣʷʶʪ ʚʳʷʚʠʪʴ ʚʩʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʚʝʩʦʢ ʚʩʣʝʜʩʪʚʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʪʝʥʜʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ 

ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. ʆʧʨʝʜʝʣʝʥ ʥʦʚʳʡ ʩʦʩʪʘʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ. ʅʘʫʯʥʦ-

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʘʚʪʦʤʦʙʠʣʷ ʩ ʮʝʣʴʶ ʦʙ-

ʥʘʨʫʞʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʪʩʣʝʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʇʨʦʚʝʜʝʥʳ ʥʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʘʡʣʝʥʪ-

ʙʣʦʢʦʚ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʝ ʠ ʠʭ ʘʥʘʣʠʟ. 
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THE STAND MODERNIZATION FOR STABILIZING THE INPUT PARAMETER  

AND TESTING OF BUSHINGSô WORK QUALITY OF CARSô SUSPENDERS 

 
The system of diagnosing and tests of car units consists of the interface and personal computers, united 

in one network that facilitates the procedure of diagnosing and reduces time spent for diagnosing. However, 

most cars have such elements (details) that it is impossible to determine their technical condition with the use 

of diagnostic testers (OBD II) and diagnostic stands, due to its location on the vehicle and the specifics of its 

use and purpose. Nevertheless, maintaining such items in good technical condition during the operation period 

is essential to reduce accidents and increase vehicle active safety. The diagnosticsô methods of suspenders are 

continuously being improved. However, the existing methods and stands do not allow revealing all the faults 

of suspenders due to the limited functionality of the existing stands. The article considers the modernization of 

the diagnostic stand of carsô suspenders. The new structure of the experimental stand is defined in the work. 

Scientific - test complex will be used for the diagnosis of carsô suspenders for the detection of faults at an early 

stage of their occurrence. This will allow monitoring the technical condition during the entire period of vehicle 

operation. New tests of bushings and their analysis have been held according to the program. 

Key words: suspender, bushing, rubber-metal hinge, experimental equipment, modernization, diagno-

sis, car. 
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ɸʚʪʦʤʦʙʠʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ, ʵʢʩʧʣʫʘ-

ʪʠʨʫʝʤʳʭ ʚʦ ʚʩʝʤ ʤʠʨʝ. ɽʛʦ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʩʝʛʜʘ ʩʚʷʟʘʥʘ ʩ ʧʦʚʳʰʝʥʥʳʤ ʨʠʩʢʦʤ. ʉʪʘʪʠʩʪʠʯʝ-

ʩʢʠʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 2016 ʛ. ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʨʦʠʟʦʰʣʦ 4902 ɼʊʇ [1] ʧʦ 

ʧʨʠʯʠʥʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʘʚʪʦʤʦʙʠʣʷ, ʧʦ-

ʚʣʝʢʰʠʭ ʨʘʥʝʥʠʷ ʠ ʛʠʙʝʣʴ ʣʶʜʝʡ. ɽʱʝ ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʧʨʠʚʦʜʷʱʠʤ ʢ ɼʊʇ, 

ʷʚʣʷʪʁʩʷ ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʝ. ʕʪʦ ʠ ʢʘʯʝ-

ʩʪʚʦ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʩʣʦʞʥʳʡ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, ʦʩʦʙʳʝ 

ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʚ ʛʦʨʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʪ.ʜ. 

ɸʥʘʣʠʟ ʨʷʜʘ ɼʊʇ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʠʭ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʨʦʞʜʘʶʱʠʭʩʷ ʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ [1]. 

ɺ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʫʨʦʚʥʷ 

ʠʩʧʨʘʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʊʆ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʠʘʛʥʦ-

ʩʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʩʧʝʮʠʬʠʢʫ ʫʟʣʦʚ ʠ ʜʝʪʘʣʝʡ ʘʚʪʦʤʦ-

ʙʠʣʷ [2, 3]. 

ʆʜʥʦʡ ʠʟ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʠʣʷ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʜʨʝʩʩʦʨʠʚʘʥʠʷ. ʇʦʜ-

ʚʝʩʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʚʢʣʶʯʘʶʪ ʚ ʩʚʦʶ ʢʦʥʩʪʨʫʢʮʠʶ 

ʩʘʡʣʝʥʪʙʣʦʢʠ (ʨʝʟʠʥʦʤʝʪʘʣʣʠʯʝʩʢʠʝ ʰʘʨʥʠʨʳ), ʧʨʠʟʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʥʘ ʢʨʫʯʝʥʠʝ ʠ 

ʩʦʝʜʠʥʷʪʴ ʨʳʯʘʛʠ ʧʦʜʚʝʩʢʠ [4]. ʆʜʥʘʢʦ ʜʘʞʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʩʘʡʣʝʥʪʙʣʦʢʠ ʚʝʜʫʱʠʭ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʝʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʥʘʰʠʚʘʶʪʩʷ, ʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʭʫʜʰʘʶʪʩʷ. ɼʠʘ-

ʛʥʦʩʪʠʢʘ ʵʪʠʭ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʚʦʜʠʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʧʨʝʜʝʣʝ-

ʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʜʚʝʩʢʠ ʚ ʮʝʣʦʤ. ʕʪʠ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʦʮʝʥʠʚʘʶʪ ʨʘʙʦʪʫ ʜʝʤʧʬʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ ʘʤʦʨʪʠʟʘʪʦʨʦʚ ʘʚʪʦʤʦʙʠʣʷ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩ ʜʦ-

ʩʪʘʪʦʯʥʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʨʝʟʠʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʰʘʨʥʠʨʦʚ, 

ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʣʠʷʥʠʝ ʥʘ ʫʧʨʘʚʣʷʝʤʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʘʢʪʠʚʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʥʦʚʦʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʩʪʝʥʜʝ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʮʝʥʢʠ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʪʨʝʙʫʶʪ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʦʣʫʯʘʪʴ ʦʧʳʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʫʝʤʳʭ ʩʘʡ-

ʣʝʥʪʙʣʦʢʦʚ.  

ɼʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʦʮʝʥʢʠ ʩʘʡʣʝʥʪʙʣʦʢʦʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʢʘʬʝʜʨʝ çɸʚʪʦʤʦ-

ʙʠʣʠè ɺʉɻʋʊʋ ʨʘʟʨʘʙʦʪʘʥ ʩʪʝʥʜ (ʨʠʩ. 1), ʨʝʘʣʠʟʫʶʱʠʡ ʨʝʞʠʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ [5].  

ʉʪʝʥʜ ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʣʠʥʝʡʥʫʶ ʰʢʘʣʫ. ɼʠʘʧʘʟʦʥ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʨʳʯʘʛʘ ʩ ʠʩʧʳʪʫʝʤʳʤʠ ʩʘʡʣʝʥʪ-

ʙʣʦʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1,16 ɻʮ. 

ʀʩʧʳʪʘʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʦʚ, ʧʨʦʚʝʜʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʝʥʜʘ, ʚʳʷʚʠʣʠ ʩʫʱʝʩʪʚʝʥ-

ʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʠ - ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʞʠʤʘʭ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ 

ʩʦʟʜʘʚʘʝʤʳʡ ʩʘʡʣʝʥʪʙʣʦʢʦʤ ʤʦʤʝʥʪ ʧʨʠ ʟʘʢʨʫʯʠʚʘʥʠʠ ʙʦʣʴʰʝ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʳʭʦʜ-

ʥʦʤ ʚʘʣʫ ʨʝʜʫʢʪʦʨʘ. ʉʠʥʫʩʦʠʜʘʣʴʥʦʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʧʦʣʫʯʘʝʤʦʝ ʩ ʜʘʪʯʠʢʘ ʧʝ-

ʨʝʤʝʱʝʥʠʷ, ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ (ʨʠʩ. 2), ʯʪʦ ʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʥʘ ʩʪʝʥʜ ʩʘʡʣʝʥʪʙʣʦʢʠ ʜʨʫʛʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ. ʇʦʵʪʦʤʫ ʩʪʝʥʜ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙ-

ʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʨʘʙʦʪ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʝʥʜ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʡʣʝʥʪʙʣʦʢʦʚ: 

1 ï ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ: 2 ï ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ; 3 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 4 ï ʛʠʜʨʦʤʦʪʦʨ; 

5 ï ʨʝʜʫʢʪʦʨ; 6 ï ʩʦʛʣʘʩʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 

 

 
 

ʈʠʩʫʥʦʢ 2 ï ʀʩʢʘʞʝʥʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʤʝʱʝʥʠʷ 
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ʊʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʥʜ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʢʘʧʣʠʚʘʪʴ ʢʠʥʝ-

ʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʩ-

ʧʳʪʫʝʤʳʡ ʩʘʡʣʝʥʪʙʣʦʢ ʩʦʟʜʘʝʪ ʙʦʣʴʰʠʡ ʤʦʤʝʥʪ ʧʨʠ ʝʛʦ ʟʘʢʨʫʯʠʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ ʤʠʥʠ-

ʤʘʣʴʥʫʶ ʩʠʣʫ ʪʨʝʥʠʷ ʚ ʩʦʛʣʘʩʫʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ. 

ɺ ʩʦʩʪʘʚ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢʦʛʦ ʩʪʝʥʜʘ ʚʭʦʜʷʪ ʜʘʪʯʠʢʠ ʩʠʣʳ, ʧʝʨʝʤʝʱʝʥʠʷ ʠ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʛʦ ʩʪʝʥʜʘ ʩʘʡʣʝʥʪʙʣʦʢʦʚ 

ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʩʦʩʪʘʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʙʫʜʫʪ ʚʭʦʜʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʢʠ-

ʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʤʘʭʦʚʠʢ), ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ʠ ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨ (ʟʘ ʦʩʥʦʚʫ ʚʟʷʪʳ ʂʇʇ 

ɺɸɿ-2109), ʨʝʜʫʢʪʦʨ (ʟʘ ʦʩʥʦʚʫ ʚʟʷʪ ʟʘʜʥʠʡ ʨʝʜʫʢʪʦʨ Toyota Mark II ), ʣʠʥʝʡʥʳʝ ʤʦʜʫʣʠ, ʧʨʦ-

ʬʠʣʴʥʳʝ ʨʝʣʴʩʦʚʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʜʣʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʢʨʠʚʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʳʯʘʛʘ ʧʦʜ-

ʚʝʩʢʠ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ, ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ. ʄʫʣʴʪʠʧʣʠʢʘʪʦʨ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜ-

ʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʩʢʨʫʯʠʚʘʥʠʷ ʤʘʭʦʚʠʢʘ, ʥʘʢʘʧʣʠʚʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ɼʝʤʫʣʴʪʠʧʣʠʢʘ-

ʪʦʨ, ʥʘʦʙʦʨʦʪ, ʧʦʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʥʘ ʚʳʭʦʜʥʦʤ ʚʘʣʫ, ʧʝʨʝʜʘʚʘʷ ʝʛʦ ʥʘ ʢʨʠʚʦ-

ʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ. ʋ ʚʩʝʭ ʨʝʜʫʢʪʦʨʦʚ ʜʣʷ ʧʝ-

ʨʝʜʘʯʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ 

ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʧʦʟʚʦʣʷʝʪ ʧʣʘʚʥʦ, ʙʝʩʩʪʫʧʝʥʯʘʪʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʯʘʩʪʦʪʫ ʦʙʦʨʦʪʦʚ 

ʜʚʠʛʘʪʝʣʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

 
 

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ: 

1 ï ʯʘʩʪʦʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 2 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 3 ï ʨʝʜʫʢʪʦʨ; 4 ï ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ;  

5 ï ʜʝʤʫʣʴʪʠʧʣʠʢʘʪʦʨ; 6 ï ʘʢʢʫʤʫʣʷʪʦʨ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; 7 ï ʢʨʠʚʦʰʠʧ; 8 ï ʰʘʪʫʥ;  

9 ï ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 10 ï ʨʳʯʘʛ ʧʦʜʚʝʩʢʠ; 11 ï ʠʩʧʳʪʫʝʤʳʡ ʩʘʡʣʝʥʪʙʣʦʢ; 12 ï ʜʘʪʯʠʢ ʩʠʣʳ; 

13 ï ʜʘʪʯʠʢ ʧʝʨʝʤʝʱʝʥʠʷ; 14 ï ʫʩʠʣʠʪʝʣʴ; 15 ï ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ; 16 ï ʢʦʤʧʴʶʪʝʨ 

 

ʉʨʘʚʥʠʪʴ ʜʚʘ ʛʨʘʬʠʢʘ ï ʠʩʢʘʞʝʥʥʦʛʦ ʠ ʧʨʘʚʠʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʝʨʝʤʝʱʝʥʠʷ (ʨʠʩ. 4), 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʪʝʥʜ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʨʠ-

ʨʦʚʢʘ ʜʘʪʯʠʢʘ ʧʦʢʘʟʳʚʘʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩ. 5). 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʜʚʫʭ ʛʨʘʬʠʢʦʚ (ʩʤ. ʨʠʩ. 2, 4) ʚʠʜʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʫʣʫʯʰʠʣʘʩʴ.  
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ʈʠʩʫʥʦʢ 4 ï ʇʨʘʚʠʣʴʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʤʝʱʝʥʠʷ 

 
ʈʠʩʫʥʦʢ 5 ï ɻʨʘʬʠʢ ʪʘʨʠʨʦʚʢʠ 

 

ʄʝʭʘʥʠʟʤʳ ʩʪʝʥʜʘ ʠ ʝʛʦ ʢʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʠʣʦ-

ʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʫʝʤʳʭ ʩʘʡʣʝʥʪʙʣʦʢʦʚ (ʨʠʩ. 6) ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ 

ʧʦʤʦʱʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

 

 
ʈʠʩʫʥʦʢ 6 ï ʉʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʘʡʣʝʥʪʙʣʦʢʘ 
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ɺr ʚʦʜʳ 

ɹʣʘʛʦʜʘʨʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʢʨʝʧʣʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦ-

ʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʤʝʭʘʥʠʯʝʩʢʫʶ ʯʘʩʪʴ ʩʪʝʥʜʘ 

ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʦʜ ʨʘʟʣʠʯʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʨʳʯʘʛʦʚ ʧʦʜʚʝʩʢʠ ʠʩ-

ʧʳʪʫʝʤʳʭ ʩʘʡʣʝʥʪʙʣʦʢʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 6 ʩʠʣʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʣʦʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʩʘʡʣʝʥʪʙʣʦʢʦʚ. ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʣʦʚʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʡʣʝʥʪʙʣʦʢʦʚ, ʠʤʝʶ-

ʱʠʭ ʠʟʤʝʥʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʧʨʦʚʝʜʝʥʘ ʦʧʪʠʤʠʟʘʮʠ ̫ʨʝʞʠʤʦʚ ʥʘʛʨʫ-

ʞʝʥʠʷ ʩʘʡʣʝʥʪʙʣʦʢʦʚ. 
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ʄʆʈʌʆʍʀʄʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʀ ʆʈɻɸʅʆʃɽʇʊʀʏɽʉʂɸʗ ʆʎɽʅʂɸ 

ʄʆʃʆɼʆʁ ʂʆʅʀʅʓ ɺ ɿɸɹɸʁʂɸʃʔɽ 

 
ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʙʦʡʥʳʭ ʢʘʯʝʩʪʚ ʯʠʩʪʦʧʦʨʦʜʥʦʛʦ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʤʦʣʦʜ-

ʥʷʢʘ, ʧʦʣʫʢʨʦʚʥʳʭ ʷʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʞʝʨʝʙʯʠʢʦʚ ʠ ʧʦʤʝʩʝʡ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪ ʨʫʩʩʢʦʛʦ ʪʷʞʝʣʦ-

ʚʦʟʘ ʚ ʚʦʟʨʘʩʪʝ 18 ʤʝʩʷʮʝʚ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʷʩʘ ʢʦʥʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ 

ʭʦʣʝʩʪʝʨʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʜʠʝʪʠʯʝʩʢʠ ʮʝʥʥʦʡ ï ʢʦʥʩʢʦʝ ʤʷʩʦ ʦʙʣʘʜʘʝʪ ʘʥʪʠʩʢʣʝʨʦʪʠʯʝʩʢʠʤ ʜʝʡ-

ʩʪʚʠʝʤ. ʀʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʫʰ ʤʦʣʦʜʥʷʢʘ ʣʦʰʘʜʝʡ ʚ ʮʝʣʦʤ ʧʦʜʯʠʥʝʥʦ ʦʙʱʝʙʠʦʣʦʛʠʯʝ-

ʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚ-

ʥʦʩʪʠ ʣʦʰʘʜʝʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʚʘʨʝʥʦʡ ʞʝʨʝʙʷʪʠʥʳ ʦʧʨʝʜʝ-

ʣʝʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʚʢʫʩ ʠ 

ʟʘʧʘʭ; ʫ ʙʫʣʴʦʥʘ ï ʥʘ ʮʚʝʪ (ʧʨʦʟʨʘʯʥʦʩʪʴ) ʠ ʘʨʦʤʘʪ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʤʦʣʦʜʥʷʢ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ 

ʧʦʨʦʜ, ʧʨʠ ʵʪʦʤ ʧʦʤʝʩʠ ʙʦʣʝʝ ʩʢʦʨʦʩʧʝʣʳʝ ʠ ʜʘʶʪ ʙʦʣʴʰʝ ʤʷʩʘ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʞʝʨʝʙʯʠʢʠ, ʧʦʤʝʩʠ, ʢʘʣʦʨʠʡʥʦʩʪʴ, ʢʘʯʝʩʪʚʦ ʤʷʩʘ. 
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MORPHOLOGICAL COMPOSITION AND ORGANOLEPTIC ASSESSMENT  

OF YOUNG HORSEMEAT IN TRANSBAIKALIA  

 
The article presents the results of lethal qualities of thoroughbred transbaikalian young horses, half-

blooded Yakut-Transbaikalian colts and hybrids of the first generation of Russian heavy horse at the age of 

18 months. Horsemeat practically does not contain cholesterol compared with other types of meat, and this 

makes it dietary valuable - horsemeat possesses anti-sclerosis action. Changing the chemical composition of 

the carcasses of young horses in general is the subject of general biological regularities of post-embryonic 

development and it is connected with forming of meat productivity of horses. By results of studying of consumer 

properties it is determined that age influences organoleptic characteristics of meat, and to a greater extent the 

taste and smell, in broth - color (opacity) and flavor. 

It has been established that the received young horses combine the productive qualities of initial breeds 

and they grow faster and give more meat of better quality. 

Key words: chemical composition, colts, hybrids, calorie, meat quality. 
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʤʝʱʝʥʠʝʤ ʦʪʨʘʩʣʠ ʚ ʩʪʨʘʥʝ ɿʘʙʘʡʢʘʣʴʝ ʦʪʥʝʩʝʥʦ ʢ ʟʦʥʝ ʪʘʙʫʥʥʦʛʦ 

ʢʦʥʝʚʦʜʩʪʚʘ, ʠ ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʦʛʨʦʤʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʝʛʦ ʨʘʟʚʠʪʠʷ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ 

ʦʙʰʠʨʥʳʝ ʤʘʣʦʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʜʝʨʞʘʪʴ ʪʘʙʫʥʳ ʢʨʫʛʣʳʡ ʛʦʜ, 

ʥʝ ʫʱʝʤʣʷʷ ʠʥʪʝʨʝʩʳ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ [2, 4]. 

ʂʦʥʠʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʥʝʡʰʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʆʥʘ ʩʦʜʝʨʞʠʪ ʙʝʣʢʠ, ʞʠʨʳ, 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʜʣʷ ʦʨʛʘʥʠʟʤʘ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠ-

ʘʣʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʢʘʥʝʡ, ʙʠʦʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʳʭ ʩʠʩʪʝʤ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʢʨʳʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ [3, 5, 6]. ɺ 1869 ʛ. ʦʧʫʙʣʠʢʦʚʘʥʘ 

ʩʪʘʪʴʷ ɻ. ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ çʂʦʥʠʥʘ, ʝʝ ʥʘʩʪʦʷʱʝʝ ʠ ʙʫʜʫʱʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʧʠʪʘʪʝʣʴʥʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʙʳʪʝ ʨʫʩʩʢʦʛʦ ʥʘʨʦʜʘè, ʚ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʥʘ ʢʦʥʠʥʫ ʩʣʝʜʫʝʪ 

ʩʤʦʪʨʝʪʴ ʢʘʢ ʥʘ ʜʨʘʛʦʮʝʥʥʦʝ ʠ ʜʝʰʝʚʦʝ ʣʝʢʘʨʩʪʚʦ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʠʟʫʯʠʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʨʦʚʝʩʪʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʫʶ 

ʦʮʝʥʢʫ ʢʦʥʠʥʳ. 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʤʷʩʘ ʯʠʩʪʦʧʦʨʦʜʥʦʛʦ ʟʘʙʘʡ-

ʢʘʣʴʩʢʦʛʦ ʤʦʣʦʜʥʷʢʘ ʠ ʧʦʤʝʩʥʳʭ ʷʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʞʝʨʝʙʯʠʢʦʚ ʠ ʧʦʤʝʩʝʡ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝ-

ʥʠʷ ʦʪ ʨʫʩʩʢʦʛʦ ʪʷʞʝʣʦʚʦʟʘ ʚʳʟʳʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ [1, 7]. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʀʟʫʯʝʥʠʝ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʯʠʩʪʦʧʦʨʦʜʥʦʛʦ ʟʘʙʘʡʢʘʣʴʩʢʦʛʦ ʤʦʣʦʜʥʷʢʘ, ʧʦʣʫ-

ʢʨʦʚʥʳʭ ʷʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʞʝʨʝʙʯʠʢʦʚ ʠ ʧʦʤʝʩʝʡ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʪ ʨʫʩʩʢʦʛʦ ʪʷʞʝʣʦ-

ʚʦʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2016 ʛ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 3 ʛʨʫʧʧʳ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ 

ʧʦ 3 ʛʦʣʦʚʳ ʚ ʢʘʞʜʦʡ ʚ ʚʦʟʨʘʩʪʝ 18 ʤʝʩʷʮʝʚ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ɸʂʌ ʠʤ. ʃʝʥʠʥʘ ʄʦʛʦʡʪʫʡʩʢʦʛʦ 

ʨʘʡʦʥʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ. 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ï ʢʦʥʪʨʦʣʴʥʘʷ (ʯʠʩʪʦʧʦʨʦʜʥʳʝ ʟʘʙʘʡʢʘʣʴʩʢʠʝ), ʚʪʦʨʘʷ ï ʦʧʳʪʥʘʷ (İ ʟʘ-

ʙʘʡʢʘʣʴʩʢʘʷ + İ ʷʢʫʪʩʢʘʷ), ʪʨʝʪʴʷ ï ʦʧʳʪʥʘʷ (İ ʟʘʙʘʡʢʘʣʴʩʢʘʷ + İ ʨʫʩʩʢʠʡ ʪʷʞʝʣʦʚʦʟ). 

ʇʦʜʦʧʳʪʥʳʝ ʞʠʚʦʪʥʳʝ ʢʨʫʛʣʳʡ ʛʦʜ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʘʩʪʙʠʱʘʭ. 

ʋʙʦʡ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʨʦʚʦʜʠʣʠ ʥʘ ɸʛʠʥʩʢʦʤ ʤʷʩʦʢʦʤʙʠʥʘʪʝ. 

ʄʷʩʥʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʘ ʧʦ ʤʝʪʦʜʠʢʝ ɺʅʀʀʆʂʘ (1974). 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʚ ʠʩʧʳʪʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ ʂɻʋ çɸʛʠʥʩʢʘʷ ʚʝʪʝʨʠʥʘʨʥʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷè, ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʮʠʷʤ ɻʆʉʊ 245011-81, ɻʆʉʊ 9793-74, ɻʆʉʊ 23042-

86, ɻʆʉʊ 10845-978. ʂʘʣʦʨʠʡʥʦʩʪʴ ʤʷʩʘ ï ʨʘʩʯʝʪʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʄʷʩʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʩʢʦʝ, ʮʝʥʠʪʩʷ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʥʝʤ ʧʦʣʥʦʮʝʥʥʳʭ ʙʝʣʢʦʚ, ʞʠʨʦʚ ʠ ʚʠʪʘʤʠʥʦʚ. ʂʦʥʠʥʘ ʠʟ ʚʩʝʭ ʚʠʜʦʚ ʤʷʩʘ ʩʦʜʝʨʞʠʪ ʥʘʠʙʦʣʴ-

ʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʥʦʮʝʥʥʦʛʦ ʙʝʣʢʘ (20-25%). ɺʳʩʦʢʦʡ ʷʚʣʷʝʪʩʷ ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʢʦʥʠʥʳ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʤʷʩʘ ʢʦʥʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʠʪ ʭʦʣʝʩʪʝʨʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʝ ʜʠʝʪʠʯʝʩʢʠ ʮʝʥʥʦʡ ï ʢʦʥʩʢʦʝ ʤʷʩʦ ʦʙʣʘʜʘʝʪ ʘʥʪʠʩʢʣʝʨʦʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ. ʋ ʪʘʙʫʥʥʳʭ 

ʣʦʰʘʜʝʡ ʞʠʨ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʨʝʙʨʘʭ ʠ ʥʘʙʨʶʰʥʦʡ ʯʘʩʪʠ, ʧʦʪʦʤʫ ʨʝʙʝʨʥʘʷ 

ʯʘʩʪʴ ʪʫʰʠ ʥʘʠʙʦʣʝʝ ʢʘʣʦʨʠʡʥʘ (ʜʦ 4949 ʢʢʘʣ). ʂʦʥʠʥʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʦʚʷʜʠʥʦʡ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʣʫʯʰʘʪʴ ʜʝʷʪʝʣʴ-

ʥʦʩʪʴ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʦʙʤʝʥ ʚʝʱʝʩʪʚ, ʫʣʫʯʰʘʪʴ ʩʦʩʪʘʚ ʤʠʢʨʦ-

ʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ. 

ʉ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʪʫʰ ʧʦʜʦʧʳʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʦʙʚʘʣʢʘ ʠ ʦʧʨʝʜʝʣʝʥ ʠʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 1. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʤʝʩʠ ʦʪ ʨʫʩʩʢʠʭ ʪʷʞʝʣʦʚʦʟʦʚ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ 

ʪʫʰʝ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʥʘʜ ʷʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʤʠ ʠ ʟʘʙʘʡ-

ʢʘʣʴʩʢʠʤʠ ʩʚʝʨʩʪʥʠʢʘʤʠ. 
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ʊʘʙʣʠʮʘ 1 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʫʰ ʧʦʜʦʧʳʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ 

 

ʇʦʨʦʜʘ 

ʏʠʩʪʦʧʦʨʦʜʥʳʡ  

ʟʘʙʘʡʢʘʣʴʩʢʠʡ  

ʤʦʣʦʜʥʷʢ 

ʗʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʝ 

ʞʝʨʝʙʯʠʢʠ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ 

ʇʦʤʝʩʠ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ  

ʦʪ ʨʫʩʩʢʦʛʦ  

ʪʷʞʝʣʦʚʦʟʘ 

ʄʘʩʩʘ ʪʫʰʠ, ʢʛ 140,5Ñ2,6** 154,0Ñ2,24** 177,1Ñ2,4 

ʄʳʰʝʯʥʘʷ ʪʢʘʥʴ 99,2Ñ1,79** 107,7Ñ1,07** 124,5Ñ1,55 

% 70,6 69,9 70,3 

ɾʠʨʦʚʘʷ 9,1Ñ0,32 7,4Ñ0,32 9,2Ñ1,01 

% 6,5 4,8 5,2 

ʉʦʝʜʠʥʠʪʝʣʴʥʘʷ ʪʢʘʥʴ 26,1Ñ0,53** 31,4Ñ0,37* 35,2Ñ0,57 

% 18,6 20,3 19,9 

ʂʦʩʪʥʘʷ ʪʢʘʥʴ 6,0Ñ0,16** 7,6Ñ0,16 8,1Ñ0,21 

% 4,3 4,9 4,6 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʤʝʩʥʳʝ ʞʠʚʦʪʥʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʝʨʩʪʥʠʢʦʚ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʳʰʝʯʥʦʡ, ʞʠʨʦʚʦʡ, ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʠ ʢʦʩʪʥʦʡ ʪʢʘʥʠ ʥʘ 16,8 ʢʛ, ʠʣʠ 15,5 %, 

ʠ 25,3, ʠʣʠ 25,5 %, ʥʘ 1,8 ʢʛ, ʠʣʠ 24,3 %, ʠ 0,1 ʢʛ, ʠʣʠ 1,09 %, ʥʘ 3,8, ʠʣʠ 12,1 %, ʠ 9,1, ʠʣʠ 

34,87 %, ʥʘ 0,5 ʢʛ, ʠʣʠ 6,5 %, ʠ 2,1 ʢʛ, ʠʣʠ 35 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʮʝʥʢʝ ʤʷʩʥʳʭ ʜʦʩʪʦʠʥʩʪʚ ʞʝʨʝʙʷʪ ʨʘʟʥʳʭ ʛʝʥʦʪʠʧʦʚ ʠʤʝʝʪ ʭʠʤʠ-

ʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʠʥʳ. ɼʣʷ ʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ ʤʷʩʘ ʝʛʦ ʭʠʤʠ-

ʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʠ ʥʝ ʧʦ ʦʪʜʝʣʴʥʳʤ ʯʘʩʪʷʤ ʠʣʠ ʤʫʩʢʫʣʘʤ, ʘ ʧʦ ʚʩʝʡ ʪʫʰʝ ʚ ʮʝʣʦʤ. 

ʇʦʩʣʝ ʦʙʚʘʣʢʠ ʤʷʢʦʪʴ ʧʣʝʯʝ-ʣʦʧʘʪʦʯʥʦʡ ʯʘʩʪʠ ʙʳʣʘ ʧʨʦʧʫʱʝʥʘ ʯʝʨʝʟ ʚʦʣʯʦʢ, ʠ ʠʟ ʧʦʣʫʯʝʥ-

ʥʦʛʦ ʬʘʨʰʘ ʦʪʦʙʨʘʥʳ ʩʨʝʜʥʠʝ ʧʨʦʙʳ ʜʣʷ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʤʷʩʘ 

 

ɻʨʫʧʧʘ 

ɺʦʟ-

ʨʘʩʪ, 

ʤʝʩ. 

ʉʦʜʝʨʞʠʪʩʷ, % ʂʘʣʦʨʠʡʥʦʩʪʴ, 

ʢʢʘʣ 

ʚʣʘʛʠ ʙʝʣʢʘ ʞʠʨʘ ʟʦʣʳ  

ʏʠʩʪʦʧʦʨʦʜʥʳʡ ʟʘ-

ʙʘʡʢʘʣʴʩʢʠʡ ʤʦʣʦʜ-

ʥʷʢ 

18 70,2Ñ0,57 21,5Ñ0,21** 7,1Ñ0,32 1,2Ñ0,10 1548,9 

ʗʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʝ 

ʞʝʨʝʙʯʠʢʠ ʧʝʨʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ 

18 69,8Ñ0,29 22,2Ñ0,48 6,8Ñ0,24 1,2Ñ0,11 1549,4 

ʇʦʤʝʩʠ ʧʝʨʚʦʛʦ ʧʦʢʦ-

ʣʝʥʠʷ ʦʪ ʨʫʩʩʢʦʛʦ ʪʷ-

ʞʝʣʦʚʦʟʘ 

18 70,5Ñ0,57 23,6Ñ0,16 4,8Ñ0,32 1,1Ñ0,08 1418,8 

 

ʂʘʯʝʩʪʚʦ ʤʷʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʝʛʦ ʧʠʪʘʪʝʣʴʥʦʩʪʴʶ, ʚʢʫʩʦʤ ʠ ʘʨʦʤʘʪʦʤ. 

ʅʘ ʚʢʫʩ ʠ ʘʨʦʤʘʪ ʤʷʩʘ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʘʯʝʩʪʚʦ ʞʠʨʘ, ʣʝʪʫʯʠʝ ʠ ʨʘʩʪʚʦʨʠʤʳʝ ʚ 

ʞʠʨʘʭ ʚʝʱʝʩʪʚʘ ʩʦʦʙʱʘʶʪ ʩʚʦʡ ʟʘʧʘʭ ʞʠʨʫ ʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴ ʚʢʫʩ ʤʷʩʘ ʚ ʭʦʨʦʰʫʶ ʠʣʠ 

ʧʣʦʭʫʶ ʩʪʦʨʦʥʫ. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʧʦʤʝʩʥʳʝ ʞʠʚʦʪʥʳʝ ʦʪ ʩʢʨʝʱʠʚʘʥʠʷ ʩ ʨʫʩʩʢʠʤ 

ʪʷʞʝʣʦʚʦʟʦʤ ʧʨʝʚʦʩʭʦʜʷʪ ʷʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʠ ʯʠʩʪʦʧʦʨʦʜʥʳʭ ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʩʚʝʨʩʪʥʠʢʦʚ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚʣʘʛʠ, ʙʝʣʢʘ ʥʘ 0,7 ʠ 0,3 %, 1,4 ʠ 2,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʦ ʫʩʪʫʧʘʶʪ ʧʦ ʩʦʜʝʨ-

ʞʘʥʠʶ ʞʠʨʘ ʥʘ 2,0 ʠ 2,3 % ʠ ʟʦʣʳ 0,1 ʠ 0,1 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʫʰ ʤʦʣʦʜʥʷʢʘ ʣʦʰʘʜʝʡ ʚ ʮʝʣʦʤ ʧʦʜʯʠ-

ʥʝʥʦ ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝʤ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʦʰʘʜʝʡ. ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʩʪʥʳʭ ʣʦʰʘʜʝʡ ʠ ʠʭ ʧʦʤʝʩʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʷʩʘ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ 

ʦʪʜʝʣʴʥʳʭ ʪʢʘʥʝʡ ʦʨʛʘʥʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʦʙʤʝʥʦʤ ʚʝʱʝʩʪʚ ʚ ʦʥʪʦʛʝʥʝʟʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 
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ʙʠʦʩʠʥʪʝʟʫ ʙʝʣʢʦʚ ʠ ʞʠʨʦʚ. ɸ ʩʘʤʦʝ ʮʝʥʥʦʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʥʠʭ ʧʦʤʝʩ-

ʥʳʡ ʤʦʣʦʜʥʷʢ ʩʦʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʤʥʦʛʠʝ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ, ʧʦ-

ʤʝʩʠ ʙʦʣʝʝ ʩʢʦʨʦʩʧʝʣʳʝ, ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʶʪ ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʜʘʶʪ ʙʦʣʴʰʝ 

ʤʷʩʘ ʣʫʯʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʝʛʫʩʪʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʩʣʫʞʘʪ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʦʧʦʣʥʝʥʠʝʤ ʢ 

ʦʙʱʝʡ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. ɼʝʛʫʩʪʘʮʠʦʥʥʘʷ ʦʮʝʥʢʘ ʙʳʣʘ ʜʘʥʘ ʢʦʤʠʩʩʠʝʡ. 

 
ʊʘʙʣʠʮʘ 3 

ɺʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʤʷʩʘ ʧʦʜʦʧʳʪʥʳʭ ʞʝʨʝʙʯʠʢʦʚ, ʙʘʣʣ r

 

ʇʦʢʘʟʘʪʝʣʴ 

ɻʨʫʧʧʘ 

ʏʠʩʪʦʧʦʨʦʜʥʳʡ  

ʟʘʙʘʡʢʘʣʴʩʢʠʡ ʤʦʣʦʜʥʷʢ 

ʗʢʫʪ-ʟʘʙʘʡʢʘʣʴʩʢʠʝ 

ʞʝʨʝʙʯʠʢʠ ʧʝʨʚʦʛʦ  

ʧʦʢʦʣʝʥʠʷ 

ʇʦʤʝʩʠ ʧʝʨʚʦʛʦ  

ʧʦʢʦʣʝʥʠʷ ʦʪ ʨʫʩʩʢʦʛʦ 

ʪʷʞʝʣʦʚʦʟʘ 

ɹʫʣʴʦʥ 

ɺʢʫʩ 4,3 4,4 4,5 

ʅʝʞʥʦʩʪʴ ʠ ʩʦʯʥʦʩʪʴ - - - 

ɺʩʝʛʦ  4,3 4,4 4,5 

ʄʷʩʦ 

ɺʢʫʩ 4,4 4,5 4,3 

ʅʝʞʥʦʩʪʴ ʠ ʩʦʯʥʦʩʪʴ 3,9 4,0 3,8 

ɺʩʝʛʦ  8,3 8,5 8,1 

ʈʘʛʫ 

ɺʢʫʩ 4,5 4,5 4,5 

ʅʝʞʥʦʩʪʴ ʠ ʩʦʯʥʦʩʪʴ 4,1 4,2 4,0 

ɺʩʝʛʦ  8,6 8,7 8,5 

 

ʇʨʠ ʚʥʝʰʥʝʤ ʦʩʤʦʪʨʝ ʪʫʰ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʤʷʩʦ ʞʝʨʝʙʯʠʢʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʠʤʝʣʦ 

ʙʦʣʝʝ ʦʙʠʣʴʥʳʡ ʞʠʨʦʚʦʡ ʧʦʣʠʚ, ʯʝʤ ʫ ʩʚʝʨʩʪʥʠʢʦʚ ʚʪʦʨʦʡ ʠ ʧʝʨʚʦʡ ʛʨʫʧʧ. ʇʦʣʠʚ ʨʘʚʥʦʤʝʨʥʦ 

ʧʦʢʨʳʚʘʣ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʫʰ, ʚʢʣʶʯʘʷ ʢʨʝʩʪʝʮ ʠ ʧʦʷʩʥʠʮʫ. ʊʫʰʠ ʞʠʚʦʪʥʳʭ ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ 

ʠʤʝʣʠ ʙʦʣʝʝ ʨʘʟʚʠʪʫʶ ʤʫʩʢʫʣʘʪʫʨʫ. ʄʷʩʦ ʫʙʠʪʳʭ ʞʝʨʝʙʯʠʢʦʚ ʙʳʣʦ ʪʝʤʥʦ-ʚʠʰʥʝʚʦʛʦ ʮʚʝʪʘ, 

ʧʣʦʪʥʦʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʨʠ ʥʘʜʨʝʟʝ ʚ ʤʝʞʤʳʰʝʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʩʣʦʡʢʠ 

ʞʠʨʘ, ʤʨʘʤʦʨʥʦʩʪʴ ʥʝ ʦʪʤʝʯʘʣʠʩʴ. ʆʯʝʥʴ ʚʢʫʩʥʳʡ ʙʫʣʴʦʥ ʙʳʣ ʠʟ ʤʷʩʘ ʞʝʨʝʙʯʠʢʦʚ ʪʨʝʪʴʝʡ 

ʛʨʫʧʧʳ, ʣʫʯʰʫʶ ʦʮʝʥʢʫ ʧʦʣʫʯʠʣʠ ʤʷʩʦ ʠ ʨʘʛʫ ʤʦʣʦʜʥʷʢʘ ʧʝʨʚʦʡ ʠ ʪʨʝʪʴʝʡ ʛʨʫʧʧ.  

ʂʦʤʠʩʩʠʝʡ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʤʷʩʦ ʧʦʜʦʧʳʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ ʠʤʝʣʦ ʥʦʨʤʘʣʴʥʳʡ ʮʚʝʪ 

ʠ ʘʨʦʤʘʪ, ʧʦʩʪʦʨʦʥʥʠʭ ʮʚʝʪʘ ʠ ʟʘʧʘʭʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʦʣʦʜʥʷʢ ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʣʦʰʘʜʝʡ ʠ ʧʦʤʝʩʥʳʝ ʞʠʚʦʪʥʳʝ ʠʤʝʶʪ 

ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʤʷʩʥʳʝ ʢʘʯʝʩʪʚʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʚʘʨʝʥʦʛʦ ʤʷʩʘ ʞʝʨʝʙʷʪʠʥʳ ʦʧʨʝʜʝ-

ʣʝʥʦ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʚʦʟʨʘʩʪʘ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ 

ʚʢʫʩ ʠ ʟʘʧʘʭ; ʫ ʙʫʣʴʦʥʘ ï ʥʘ ʮʚʝʪ (ʧʨʦʟʨʘʯʥʦʩʪʴ) ʠ ʘʨʦʤʘʪ. 

 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʨʬʦʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʫʰ ʤʦʣʦʜʥʷʢʘ ʣʦʰʘʜʝʡ ʚ ʮʝʣʦʤ ʧʦʜʯʠʥʝʥ 

ʦʙʱʝʙʠʦʣʦʛʠʯʝʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʧʦʩʪʵʤʙʨʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʩʚʷʟʘʥ ʩ ʬʦʨʤʠʨʦʚʘ-

ʥʠʝʤ ʤʷʩʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʣʦʰʘʜʝʡ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʦʡ 

ʦʮʝʥʢʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʦʣʦʜʥʷʢ ʟʘʙʘʡʢʘʣʴʩʢʠʭ ʣʦʰʘʜʝʡ ʠ ʧʦʤʝʩʥʳʝ ʞʠʚʦʪʥʳʝ 

ʠʤʝʶʪ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʤʷʩʥʳʝ ʢʘʯʝʩʪʚʘ. 

ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʩʪʥʳʭ ʣʦʰʘʜʝʡ ʠ ʠʭ 

ʧʦʤʝʩʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʷʩʘ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨ ʨʦʩʪʘ ʦʪʜʝʣʴʥʳʭ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥ 

ʩ ʦʙʤʝʥʦʤ ʚʝʱʝʩʪʚ ʚ ʦʥʪʦʛʝʥʝʟʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʠʦʩʠʥʪʝʟʫ ʙʝʣʢʦʚ ʠ ʞʠʨʦʚ.  
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ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ., ʧʦʩʚʷʱ. 90-ʣʝʪʠʶ ʧʨʦʬʝʩʩʦʨʘ ʂ.ʊ. ʄʫʥʢʦʝʚʘ. ï ʋʣʘʥ-ʋʜʵ, 2010. ï ʉ. 198ï203. 
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SCIENTIFIC AND TECHNICAL ASPECTS OF SYSTEMS AND DEVICES  

FOR INNOVATIVE PRODUCTS ON THE BASIS  

OF SOY AND VEGETABLE COMPOSITIONS  

 
The paper proposes a new methodological approach to the creation of the system for effective produc-

tion of innovative products based on soy and vegetable compositions that will significantly reduce the loss of 

protein, vitamins and minerals and, respectively, increase the biological value of fodder products. The eco-

nomic and mathematical model of assessment of technological and technical solutions on preparation of the 

soy and vegetable compositions (SVC) at a stage of their designing is developed in the result of the conducted 

researches. The authors propose classification of the main transactions for production of innovative products 

on the basis of SVC (soy and carrot, soy and pumpkin, soy and beet, etc.). Basic, structural and functional 

schemes of process on production of innovative products on the basis of SVC are developed; parameters of 

the multi-function printer for product receipt on the basis of SVC are proved. 

Key words: feeding, biological value, protein, soybean, economic and mathematical model, scheme, 

process, structure, production efficiency, innovative products. 

 

ɺʚʝʜʝʥʠʝ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʨʝʛʠʦʥ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ɸʤʫʨʩʢʘʷ ʦʙʣʘʩʪʴ ʷʚʣʷʪʁʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʤ ʩʦʝʚʦʛʦ ʟʝʨʥʘ. ʉʝʤʝʥʘ ʩʦʠ ʠ ʧʨʦʜʫʢʪʳ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ - ʵʪʦ ʮʝʥʥʳʝ ʚʳʩʦʢʦʙʝʣʢʦ-

ʚʳʝ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʘ, ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ. ʊʘʢʦʡ ʥʘʙʦʨ 
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ʚʝʱʝʩʪʚ, ʧʨʠ ʩʢʘʨʤʣʠʚʘʥʠʠ ʝʛʦ ʞʠʚʦʪʥʳʤ ʠ ʧʪʠʮʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ 

ʮʝʥʥʦʩʪʴ ʨʘʮʠʦʥʦʚ ʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ [1, 2]. 

ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʝʜʘʝʤʦʩʪʠ ʩʦʠ, ʘ ʪʘʢʞʝ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʥʝʡ ʧʨʦʪʝʠʥʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʩʝʤʝʥʘ ʩʦʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʧʦʜʚʝʨʛʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ 

ʧʦʜʛʦʪʦʚʢʠ ʩʝʤʷʥ ʩʦʠ ʢ ʚʩʢʘʨʤʣʠʚʘʥʠʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʭ ʚ ʨʘʮʠʦʥʘʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʦʣʫʯʝʥʠʶ ʠʥ-

ʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʤʦʨʢʦʚʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʡ ʚ ʚʠʜʝ ʟʘʤʝʥʠʪʝʣʷ ʤʦʣʦʯʥʳʭ ʢʦʨʤʦʚ (ɿʄʂ) ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ (ʂʂ) ʥʘ ʦʩ-

ʥʦʚʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʞʦʤʦʚʦʛʦ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʩʪʘʪʢʘ (ʅɾʉʈʆ) ʩʚʷʟʘʥ ʩ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʠ ʪʨʫʜʦʚʳʤʠ ʟʘʪʨʘʪʘʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʦʟʥʠʢʘʝʪ ʦʙʲʝʢʪʠʚʥʘʷ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʚ ʦʮʝʥʢʝ ʚʘʨʠʘʥʪʦʚ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ 

ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ. 

ɺ ʦʩʥʦʚʫ ʪʘʢʦʡ ʦʮʝʥʢʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʦʞʝʥʘ ʚʝʣʠʯʠʥʘ ʜʦʭʦʜʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʢʘʢ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʝʤ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʠ ʧʦʪʨʝʙʠʪʝʣʝʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʟʘ-

ʤʝʥʫ ʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʢʦʨʤʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ ʤʝʥʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʡ, ʥʘʧʨʠʤʝʨ ʮʝʣʴʥʦʛʦ 

ʤʦʣʦʢʘ ʥʘ ɿʄʂ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʉ ʫʯʝʪʦʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʬʘʢʪʦʨʦʚ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʤʦʞʥʦ ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ ʕi - ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿʄʂ ʠ ʂʂ; kʥ - ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʥʘʣʦʛʦʚʳʝ ʦʪʯʠʩʣʝʥʠʷ; ʉpi, ɿʕ ʠ ʉʀʉ - ʩʪʦʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘʤʝʥʠʪʝʣʷ ʤʦʣʦʯʥʳʭ ʢʦʨʤʦʚ 
ʠ ʢʦʤʙʠʢʦʨʤʦʚ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ, ʘ ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʪ.ʜ. (ʩʝʤʷʥ 

ʩʦʠ, ʪʳʢʚʳ, ʤʦʨʢʦʚʠ ʠ ʚʦʜʳ); Qi - ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʣʠʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ɿʄʂ ʠ ʂʂ; t - 

ʚʨʝʤʷ ʨʘʙʦʪʳ ʣʠʥʠʠ; kʠ - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʣʠʥʠʠ; ʇɿ - ʧʨʠʚʝʜʝʥ-

ʥʳʝ ʟʘʪʨʘʪʳ; ɽʥ - ʥʦʨʤʘʪʠʚʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ɽʥ =0,15); ʂ - ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦ-

ʞʝʥʠʷ; Nʋɼ - ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿʄʂ ʠ ʂʂ; N - ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ; 

ɚ - ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ɿʄʂ. 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠ̫ ʢʦʨʤʦʚrʭ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣɹʥrʭ ʢʦʤʧʦʟʠʮʠʡ

ʇʦ ʚʠʜʫ ʦʩʥʦʚʥrʭ ʦʧʝʨʘʮʠʡ

ɿʘʤʘʯʠʚʘʥʠʝ ʩʝʤ̫ʥ ʩʦʠ
ʇʦʜʛʦʪʦʚʢʘ ʠ ʠʟʤʝʣɹʯʝʥʠʝ ʠʣʠ ʤʦʨʢʦʚʥʦʛʦ, ʠʣʠ 

ʪrʢʚʝʥʥʦʛʦ, ʠʣʠ ʩʚʝʢʦʣɹʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ

ʇʦʣʫʯʝʥʠʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣɹʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʫʪʝʤ ʩʤʝhʠʚʘʥʠ̫ ʩʦʝʚʦʛʦ ʠ ʨʘʩʪʠʪʝʣɹʥʦʛʦ (ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʥʦʛʦ) 

ʢʦʤʧʦʥʝʥʪʘ

ʇʦ ʩʧʦʩʦʙʫ ʠʟʚʣʝʯʝʥʠ̫ ʩʫʭʠʭ ʚʝɦʝʩʪʚ ʠʟ ʢʦʤʧʦʟʠʮʠʠ

ʇʦ ʩʧʦʩʦʙʫ ʦʪʜʝʣʝʥʠ̫ ʩʫʩʧʝʥʟʠʠ ʦʪ ʞʦʤʦʚʦʡ ʬʨʘʢʮʠʠ

ʇʫʪʝʤ ʠʩʪʠʨʘʥʠ̫ ʯʘʩʪʠʮ ʠ ɻʢʩʪʨʘʢʮʠʠ ʚʝɦʝʩʪʚ 

ʚʦʜʦʡ

ʀʟʤʝʣɹʯʝʥʠʝʤ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʨʝh ʪyʦʯʥʦ-

ʥʦʞʝʚrʤ ʘʧʧʘʨʘʪʦʤ

ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʌʠʣɹʪʨʦʚʘʥʠʝʤ ʆʪʞʠʤʦʤ

ɿʄʂ ʇʦ ʚʠʜʫ ʧʨʦʜʫʢʪʘ ʅɾʉʈʆ
 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʥʦʚʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 
ʊʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʧʨʦʮʝʩʩʫ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʞʠʜʢʦʡ ʠ ʩʫʭʦʡ 

ʬʦʨʤʳ, ʧʦʣʫʯʘʝʤʳʭ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: 

ï ʞʠʜʢʘʷ ʬʨʘʢʮʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʜʦʣʞʥʘ ʩʦ-

ʜʝʨʞʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʥʝ ʤʝʥʝʝ 10ï12 %; 

ï ʩʫʰʝʥʘʷ ʞʦʤʦʚʘʷ ʬʨʘʢʮʠʷ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʦʩʪʘʪʢʘ ʜʦʣʞʥʘ 

ʩʦʜʝʨʞʘʪʴ ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʥʝ ʤʝʥʝʝ 88ï90 %. 

ʇʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʧʨʦʜʫʢʪʳ ʚʦʟʤʦʞʥʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ (ʨʠʩ. 2): ʧʦʜʘʯʘ ʩʳʨʴʝʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʚʠʜʝ ʟʘʤʦʯʝʥʥʳʭ ʩʝʤʷʥ ʩʦʠ, ʠʟʤʝʣʴʯʝʥʥʦʡ ʠʣʠ ʪʳʢʚʳ ʠʣʠ ʤʦʨʢʦʚʠ, ʚʦʜʳ Ÿ ʩʤʝʰʠʚʘʥʠʝ Ÿ 

ʧʦʜʘʯʘ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʵʢʩʪʨʘʢʮʠʶ Ÿ ʦʪʞʠʤ ʞʠʜʢʦʡ ʬʨʘʢ-

ʮʠʠ ʠ ʝʝ ʥʘʢʦʧʣʝʥʠʝ ʚ ʨʝʟʝʨʚʫʘʨʝ ï ʪʘʥʢʝ Ÿ ʩʙʦʨ ʞʦʤʦʚʦʡ ʬʨʘʢʮʠʠ ʥʘ ʣʦʪʢʠ ʠ ʝʝ ʩʫʰʢʘ ʚ 

ʩʫʰʠʣʢʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʠʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʩʦʝʚʦʛʦ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ (ʢʦʨʥʝʢʣʫʙʥʝʧʣʦʜʥʦʛʦ) 

ʢʦʤʧʦʥʝʥʪʦʚ 

ʇʦʜʛʦʪʦʚʢʘ ʠ ʠʟʤʝʣʴʯʝʥʠʝ ʤʦʨʢʦʚʥʦʛʦ, 

ʠʣʠ ʪʳʢʚʝʥʥʦʛʦ, ʠʣʠ ʩʚʝʢʦʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʀʟʤʝʣʴʯʝʥʠʝʤ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ  

ʨʝʰʝʪʦʯʥʦ-ʥʦʞʝʚʳʤ ʘʧʧʘʨʘʪʦʤ 
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ʉʝʤʝʥʘ ʩʦʠ

ʚʦʜʘ

ʉʤʝhʠʚʘʥʠʝ

ʀʟʤʝʣɹʯʝʥʠʝ-

ʢɻʩʪʨʘʢʮʠ̫-

ʨʘʟʜʝʣʝʥʠʝ

ʚʦʜʘ

ʄʦʨʢʦʚɹ 
ʠʟʤʝʣɹʯʝʥʥʘ̫ 

(ʠʣʠ ʪrʢʚʘ 
ʠʣʠ ʩʚʝʢʣʘ ʠ 
ʪ.ʜ.)

ʉʦʝʚʦ-

ʨʘʩʪʠʪʝʣɹʥrʡ 

ʢɻʩʪʨʘʢʪ

ʉʫh ʢʘ ʩʦʝʚʦ-

ʨʘʩʪʠʪʝʣɹʥʦʛʦ 

ʦʩʪʘʪʢʘ

ʂʦʨʤʦʚrʝ 

ʜʦʙʘʚʢʠ

ɿʘʤʝʥʠʪʝʣɹ 

ʮʝʣɹʥʦʛʦ ʤʦʣʦʢʘ 

(ɿʎʄ)

ʌʘʩʦʚʘʥʠʝ, 

ʭʨʘʥʝʥʠʝ, 

ʨʝʘʣʠʟʘʮʠ̫
 

 
ʈʠʩʫʥʦʢ 2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʝʚʦ-ʤʦʨʢʦʚʥʳʭ ʧʨʦʜʫʢʪʦʚ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʘʥʥʳʭ ʚʠʜʦʚ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠ-

ʩʫʥʢʝ 3. 

 

ʄʌʋ
ɸɿʄ

ʉʋ
ʋʚʭ(t0)

ʋ''ʚrʭ(t2)(ʂ''ʩʚ)

ʋ'ʚrʭ(t1)(ʂ'ʩʚ)

ʋ'''ʚrʭ(t3)

Wʢ(ʂ'''ʩ)

  

ʈʠʩʫʥʦʢ 3 ï ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʞʠʜʢʦʡ ʠ ʩʫʭʦʡ ʬʦʨʤʳ  

ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ: ʋɺʍ(t) - ʚʭʦʜʥʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ; 

ʋɺʓʍ'(t1)(ʂʉɺ'), ʋɺʓʍ
''(t2)(ʂʉɺ''), ʋɺʓʍ'''(t3)(ʂʉɺ''') - ʚʳʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ, ʛʜʝ ʂʉɺ  -  

ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ; ʄʌʋ - ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ; ɸɿʄ - ʘʛʨʝʛʘʪ  

ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʟʘʤʝʥʠʪʝʣʷ ʤʦʣʦʢʘ; ʉʋ - ʩʫʰʠʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ 

 

ʈʝʘʣʠʟʘʮʠʷ ʜʘʥʥʦʡ ʩʭʝʤʳ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ ʩʳʨʴʷ ʚ ʚʠʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝ-

ʯʠʩʣʝʥʥʳʭ ʦʧʝʨʘʮʠʡ ʚʦʟʤʦʞʥʘ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʘʰʠʥʳ 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʘ, ʩʦʚʤʝʱʘʶʱʝʡ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ, ʢʘʢ ʩʤʝʰʠʚʘʥʠʝ, ʠʟʤʝʣʴʯʝʥʠʝ, ʵʢʩ-

ʪʨʘʢʮʠʷ ʙʝʣʢʦʚʳʭ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʚ ʵʢʩʪʨʘʛʝʥʪ (ʚʦʜʫ), ʘ ʪʘʢʞʝ ʦʪʞʠʤ ʚʣʘʛʠ ʠʟ ʅɾʉʄʆ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢ-

ʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ɼʘʥʥʳʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʨʝʘʣʠʟʦʚʘʥʳ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʥʦ-

ʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʚʠʜʝ ɿʄʂ ʠ 

ʢʦʥʮʢʦʨʤʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʤʦʨʢʦʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 

ʇʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʚʥʳʭ: 

ï ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʠʥʪʘ n=70,14 ʤʠʥ-1; 

ï ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʨʝʰʝʪʢʠ d0=2,54 ʤʤ; 

ï ʢʦʣʠʯʝʩʪʚʦ ʥʦʞʝʡ ʂʅ=2 ʰʪ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ɿʄʂ ʩʦʩʪʘʚʠʣʘ ʂʉɺ=14% ʧʨʠ ʟʘʪʨʘʪʘʭ ʤʦʱʥʦʩʪʠ 

Nʕ=15,87 ɺʪĿʯ/ʢʛ. 

 

ʄʦʨʢʦʚʴ  

ʠʟʤʝʣʴʯʝʥʥʘʷ  

(ʠʣʠ ʪʳʢʚʘ,  
ʠʣʠ ʩʚʝʢʣʘ ʠ ʪ.ʜ.) 
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ʈʠʩʫʥʦʢ 4 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ  

ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

 

ʇʦʣʫʯʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʨʘʩʯʝʪʘ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʇʨʠ ʵʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ɿʄʂ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩʦʩʪʘʚʠʣʘ 15 351 000 ʨʫʙ. ʚ ʛʦʜ, ʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʧʦʪʨʝʙʠ-

ʪʝʣʷ - 1 968 750 ʨʫʙ. ʚ ʛʦʜ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʪʝʭʥʦ-

ʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦ-ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦ-

ʟʠʮʠʡ ʧʦʟʚʦʣʷʝʪ ʥʘ ʩʪʘʜʠʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ, ʦʙʲʝʢʪʠʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʜʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ, ʩʪʨʫʢʪʫʨʥʘʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠ ʘʧʧʘʨʘʪʫʨʥʘʷ ʩʭʝʤʳ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʳʩʦʢʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʮʝʥ-

ʥʦʩʪʠ. 
ɹʠʙʣʠʦʛʨʘʬʠʷ 
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ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʆʃʋʏɽʅʀʗ ʇʆʃʋʌɸɹʈʀʂɸʊɸ  

ʃʀʂɽʈʆ-ɺʆɼʆʏʅʆʁ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ ʀɿ ɾʄʓʍɸ ʆɹʃɽʇʀʍʀ 

 
ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ ï ʩʧʠʨʪʦʚʘʥʥʦʛʦ ʥʘʩʪʦʷ ʠʟ ʞʤʳʭʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ɹʫʨʷʪʠʠ. ɼʣʷ ʧʦʣʫ-

ʯʝʥʠʷ ʩʧʠʨʪʦʚʘʥʥʦʛʦ ʥʘʩʪʦʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʵʢʩʪʨʘʢʮʠʠ ʧʫʪʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʥʘʩʪʘʠʚʘʥʠʷ ʩ ʦʙ-

ʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʩʤʝʩʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʞʤʳʭ ʦʙʣʝʧʠʭʠ ʟʘʣʠʚʘʣʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʢʨʝʧʦʩʪʴʶ 50% ʦʙ. ʚ ʩʦʦʪʥʦʰʝ-

ʥʠʠ 1:10, ʧʝʨʚʦʝ ʥʘʩʪʘʠʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʩʫʪ, ʚʪʦʨʦʝ ï 10 ʩʫʪ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʜʦʢʘʟʘʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʫʯʝʥʠʷ ʣʠ-

ʢʝʨʦ-ʚʦʜʦʯʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ, ʦʧʨʝʜʝʣʝʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʪʦʷ, ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʣʫʯʝʥʥʳʡ ʥʘʩʪʦʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʝʧʠʭʘ, ʞʤʳʭ, ʩʧʠʨʪʦʚʘʥʥʳʡ ʥʘʩʪʦʡ, ʣʠʢʝʨʦ-ʚʦʜʦʯʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ. 

 

I.K. Dugarova, Cand. Sc. Engineering, Prof. 

 

STUDY OF THE POSSIBILITY OF GETTING A SE MI -FINISHED PRODUCT  

FOR DISTILLERY INDUS TRY OUT OF SEA BUCKT HORN OIL CAKE  

 
The work is devoted to the study of an extraction process while getting a semi-finished product of 

distillery industry - an alcohol infusion out of a sea-buckthorn oil-cake, growing in the Republic of Buryatia. 

To get the alcohol infusion, a twofold method with a single sonication during 24 hours and frequent mixing 

were used. According to the given method, a ground sea-buckthorn oil-cake was poured with an ethanol-water 

solution 50% alc. at a ratio of 1:10; the first infusion was performed during 15 days, the second ï during 

10 days. In the course of the work sonication effectiveness was proved in comparison with a traditional tech-

nology of getting distillery semi-finished products; technological characteristics of the infusion were defined; 

a principal production scheme was developed. The received infusion can be used while producing alcoholic 

drinks. 

Key words: sea buckthorn, oil-cake, alcohol infusion, distillery industry, sonication. 

 

ʐʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʦʙʫʩʣʦʚʣʝʥ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ ʚ 

ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʚʳʰʝ 80 ʚʠʜʦʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʘʢʪʠʢʝ ʟʘʚʦʜʦʚ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʫʰʝʥʦʤ ʚʠʜʝ ʪʨʘʚʳ, ʢʦʨʝʥʴʷ, ʢʦʨʘ ʜʫʙʘ ʠ ʭʠʥʥʦʛʦ ʜʝʨʝʚʘ, ʩʦʯʥʳʝ 

ʧʣʦʜʳ - ʢʣʶʢʚʘ, ʢʣʫʙʥʠʢʘ, ʚʠʰʥʷ, ʩʣʠʚʘ, ʨʷʙʠʥʘ, ʷʙʣʦʢʠ, ʣʠʤʦʥʳ, ʠʟ ʢʦʪʦʨʳʭ ʧʫʪʝʤ ʥʘʩʪʘʠ-

ʚʘʥʠʷ ʧʦʣʫʯʘʶʪ ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ 

ʣʠʢʝʨʦ-ʚʦʜʦʯʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʳʭ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ 

ʥʘʰʣʠ ʠ ʧʣʦʜʳ ʦʙʣʝʧʠʭʠ [1, 2], ʦʜʥʘʢʦ ʚʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠ ʵʪʦʤ ʦʢʘʟʘʣʠʩʴ 

ʥʝ ʚʦʩʪʨʝʙʦʚʘʥʳ.  

ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʝʧʠʭʠ 

ï ʞʤʳʭ, ʧʦʣʫʯʘʝʤʳʡ ʧʦʩʣʝ ʦʪʞʘʪʠʷ ʩʦʢʘ, ʠʣʠ ʰʨʦʪ, ʦʩʪʘʶʱʠʡʩʷ ʧʦʩʣʝ ʠʟʚʣʝʯʝʥʠʷ ʤʘʩʣʘ. 

ʄʝʞʜʫ ʪʝʤ ʞʤʳʭ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʪʘʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʚʝʱʝ-

ʩʪʚʘ, ʢʘʢ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʢʦʤʧʣʝʢʩ ʚʦʜʦ- ʠ ʞʠʨʦʨʘʩʪʚʦʨʠʤʳʭ ʚʠʪʘʤʠʥʦʚ, ʞʠʨʳ ʠ 

ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʙʝʣʢʦʚʳʝ ʠ ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ [3]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝ-

ʱʝʩʪʚ ʠʟ ʞʤʳʭʘ ʦʙʣʝʧʠʭʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʝʛʦ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʣʷ ʣʠʢʝʨʦ-ʚʦ-

ʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

mailto:iriklima@gmail.com
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ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣ ʠʟʤʝʣʴʯʝʥʥʳʡ ʠ ʩʫʰʝʥʳʡ ʞʤʳʭ ʦʙʣʝʧʠʭʠ, ʧʨʦʠʟʨʘʩʪʘ-

ʶʱʝʡ ʚ ɹʫʨʷʪʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ: ʚʣʘʞʥʦʩʪʴ - 1,51%, ʩʦʜʝʨ-

ʞʘʥʠʝ ʩʫʭʠʭ ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ï 23%, ʦʙʱʘʷ ʢʠʩʣʦʪʥʦʩʪʴ (ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʣʠʤʦʥʥʫʶ ʢʠʩ-

ʣʦʪʫ) ï 2,1%, ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʩʘʭʘʨʘ ï 2,0 ʛ/100 ʤʣ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʥʷʪʳʝ ʚ ʣʠʢʝʨʦ-

ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [4].  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ɺ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ 

ʥʘʩʪʦʝʚ ʠʟ ʩʫʰʝʥʦʛʦ ʩʳʨʴʷ ʧʫʪʝʤ ʜʚʫʢʨʘʪʥʦʛʦ ʥʘʩʪʘʠʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʩʳʨʴʷ ʚʦʜʥʦ-ʩʧʠʨ-

ʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʤʝʣʴʯʝʥʥʳʡ ʞʤʳʭ ʟʘʣʠʚʘʣʠ 

ʚʦʜʥʦ-ʩʧʠʨʪʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʢʨʝʧʦʩʪʴʶ 50% ʦʙ. ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:5 ʠ 1:10 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ 

ʩʦʦʪʥʦʰʝʥʠʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʞʤʳʭʘ ʠ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʛʦ ʨʘʩʪʚʦʨʘ 1:5 ʯʝʨʝʟ 24 ʯ ʥʘʩʪʘʠʚʘʥʠʷ 

ʥʘʙʣʶʜʘʣʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʩʣʦʡ ʥʘʩʪʦʷ, ʪʘʢ ʢʘʢ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʞʤʳʭ ʥʘʙʫʭʘʝʪ, ʧʦʵʪʦʤʫ 

ʙʳʣʦ ʧʨʠʥʷʪʦ ʩʦʦʪʥʦʰʝʥʠʝ 1:10.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ, ʧʫʣʴʩʘʮʠʡ ʠ ʜʨʫʛʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ 

ʩʨʝʜʝ ʵʢʩʪʨʘʛʝʥʪʘ ʫʩʢʦʨʷʪʁ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ [5]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙ-

ʨʘʟʮʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʜʚʫʢʨʘʪʥʦʛʦ ʥʘʩʪʘʠʚʘʥʠʷ ʩ ʦʜʥʦʢʨʘʪʥʳʤ ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ. ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʥʘʩʪʦʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʩ ʯʘʩʪʦʪʦʡ 25 ʢɻʮ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20ï22 ¯ʉ. ɼʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʣʠ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʦ ʨʝʬʨʘʢʪʦʤʝʪʨʫ ʧʨʠ ʧʨʦʜʦʣ-

ʞʠʪʝʣʴʥʦʩʪʠ I ʥʘʩʪʘʠʚʘʥʠʷ ï 15 ʩʫʪ ʠ II ʥʘʩʪʘʠʚʘʥʠʷ ï 10 ʩʫʪ (ʨʠʩ. 1, 2).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 ï ɼʠʥʘʤʠʢʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ I ʥʘʩʪʘʠʚʘʥʠʠ ʞʤʳʭʘ ʦʙʣʝʧʠʭʠ 
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ʈʠʩʫʥʦʢ 2 ï ɼʠʥʘʤʠʢʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ II ʥʘʩʪʘʠʚʘʥʠʠ ʞʤʳʭʘ ʦʙʣʝʧʠʭʠ 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʥʘʢʦʧʣʝʥʠʶ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʘ ʤʝʥʴʰʫʶ ʧʨʠ ʵʪʦʤ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ. ʇʨʠ I ʥʘʩʪʘʠʚʘʥʠʠ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʫʞʝ ʥʘ 11-ʝ ʩʫʪ 

ʩʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʦʩʪʠʛʣʦ 1,607%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʥʪʨʦʣʝ ï ʥʘ 15-ʝ ʩʫʪ, 

ʧʨʠ II ʥʘʩʪʘʠʚʘʥʠʠ: ʚ ʦʧʳʪʥʦʤ ʥʘ 7-ʝ ʩʫʪ ï 0,711% ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʚ ʢʦʥʪʨʦʣʝ ï ʥʘ 

10-ʝ ʩʫʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʵʢʩʪʨʘʢʮʠʠ, ʫʚʝʣʠʯʠʪʴ ʚʳʭʦʜ ʵʢʩʪʨʘʛʠʨʫʝʤʳʭ ʚʝʱʝʩʪʚ.   

ʆʙʘ ʥʘʩʪʦʷ ʧʦʩʣʝ ʧʝʨʚʠʯʥʦʛʦ ʠ ʚʪʦʨʠʯʥʦʛʦ ʥʘʩʪʘʠʚʘʥʠʷ ʦʙʲʝʜʠʥʷʣʠ, ʚʦ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ ʩʧʠʨʪʦʚʘʥʥʳʭ ʥʘʩʪʦʝʚ ʦʧʨʝʜʝʣʷʣʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ (ʪʘʙʣ. 1).  

 
ʊʘʙʣʠʮʘ 1 

ʂʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʧʠʨʪʦʚʘʥʥʳʭ ʥʘʩʪʦʝʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʦʙʨʘʟʮʘ 
ʉʦʜʝʨʞʘʥʠʝ ʵʢʩʪʨʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚ, ʛ/100 ʤʣ 

ʆʙʱʘʷ  

ʢʠʩʣʦʪʥʦʩʪʴ, % 

ʉʦʜʝʨʞʘʥʠʝ ʵʪʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ, % ʦʙ. 

ʅʘʩʪʦʡ  

ʩʧʠʨʪʦʚʘʥʥʳʡ 

ʞʤʳʭʘ  

ʦʙʣʝʧʠʭʠ 

I ʩʣʠʚ 
ʂ 1,60 1,16 47,5 

ʆ 1,70 1,23 47,9 

II ʩʣʠʚ 
ʂ 0,71 0,53 47,4 

ʆ 0,79 0,61 48,2 

ʆʙʱʠʡ 
ʂ 0,82 0,70 47,3 

ʆ 1,20 0,81 48 

ʇʨʠʤʝʯʘʥʠʝ: ʂ - ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ; ʆ ï ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ 

 

ɺ ʧʦʣʫʯʝʥʥʦʤ ʩʧʠʨʪʦʚʘʥʥʦʤ ʥʘʩʪʦʝ ʦʧʨʝʜʝʣʷʣʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝ-

ʩʪʚʘ, ʧʨʠʥʷʪʳʝ ʚ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʘ 2 

ʆʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʧʠʨʪʦʚʘʥʥʳʭ ʥʘʩʪʦʝʚ  

ʠʟ ʧʨʦʜʫʢʪʘ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʝʧʠʭʠ 

ʇʦʢʘʟʘʪʝʣʴ  

ʢʘʯʝʩʪʚʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʢʦʥʪʨʦʣʴ ʦʧʳʪ 

ɺʥʝʰʥʠʡ 

ʚʠʜ 

ʇʨʦʟʨʘʯʥʘʷ ʪʝʤʥʦ-ʦʢʨʘʰʝʥʥʘʷ ʞʠʜ-

ʢʦʩʪʴ 

ʇʨʦʟʨʘʯʥʘʷ ʪʝʤʥʦ-ʦʢʨʘʰʝʥʥʘʷ ʞʠʜʢʦʩʪʴ 

ɺʢʫʩ  

ʠ ʘʨʦʤʘʪ  

ɺʳʨʘʞʝʥʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʳʨʴʶ,  

ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥ 

ɺʳʨʘʞʝʥʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʳʨʴʶ, ʠʟ ʢʦʪʦʨʦʛʦ  

ʧʦʣʫʯʝʥ  

ʎʚʝʪ ʆʨʘʥʞʝʚʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʳʨʴʶ,  

ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʝʥ 

ʊʝʤʥʦ-ʦʨʘʥʞʝʚʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʳʨʴʶ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʧʦʣʫʯʝʥ 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʣʷ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʨʠʩ. 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʩʧʠʨʪʦʚʘʥʥʦʛʦ ʥʘʩʪʦʷ ʞʤʳʭʘ ʦʙʣʝʧʠʭʠ  

ʤʝʪʦʜʦʤ ʜʚʫʢʨʘʪʥʦʛʦ ʥʘʩʪʘʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 

 

 

 

 

ʇʨʠʝʤʢʘ ʩʳʨʴʷ 

ʇʦʜʛʦʪʦʚʢʘ ʩʳʨʴʷ ʢ ʟʘʣʠʚʫ 

ʇʝʨʚʦʝ ʥʘʩʪʘʠʚʘʥʠʝ  

15 ʜʥʝʡ ʩ ʦʜʥʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ  

ʩ ʯʘʩʪʦʪʦʡ 25 ʢɻʮ, ʯʘʩʪʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ɺʪʦʨʦʝ ʥʘʩʪʘʠʚʘʥʠʝ 

10 ʜʥʝʡ ʩ ʦʜʥʦʢʨʘʪʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʩ ʯʘʩʪʦʪʦʡ 25 ʢɻʮ, ʯʘʩʪʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ 

ɺʦʜʥʦ-

ʩʧʠʨʪʦʚʦʡ 

ʨʘʩʪʚʦʨ 

ʅʘʩʪʦʡ  

I ʩʣʠʚʘ 

ʅʘʩʪʦʡ 

II ʩʣʠʚʘ 

ʇʨʝʩʩʦʚʘʥʠʝ ʤʝʟʛʠ 
ʅʘʩʪʦʡ II ʩʣʠʚʘ 

ʧʦʩʣʝ ʦʪʞʠʤʘ 

ʀʟʚʣʝʯʝʥʠʝ ʩʧʠʨʪʘ 

ʠʟ ʤʝʟʛʠ  

ʚʳʧʘʨʠʚʘʥʠʝʤ 
ʆʪʨʘʙʦʪʘʥʥʘʷ 

ʤʝʟʛʘ 

ʅʘʩʪʦʡ ʦʙʱʝʛʦ 

ʩʣʠʚʘ 

ʉʧʠʨʪʦʚʦʡ 

ʦʪʛʦʥ 

ɼʝʢʘʥʪʘʮʠʷ  

ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʀʟʤʝʣʴʯʝʥʠʝ ʩʳʨʴʷ 
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ɿʘʢʣʶʯʝʥʠʝ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʳʜʝʣʝʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʞʤʳʭʘ ʦʙʣʝ-

ʧʠʭʠ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʩʪʘʠʚʘʥʠʷ. 

ʇʦʜʪʚʝʨʞʜʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʜʦ-

ʩʪʠʯʴ ʩʦʜʝʨʞʘʥʠʷ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʝʨʚʦʤ ʥʘʩʪʘʠʚʘʥʠʠ ʨʘʥʴʰʝ ʥʘ 4 ʩʫʪ, ʘ ʧʨʠ ʚʪʦ-

ʨʦʤ ï ʥʘ 3 ʩʫʪ, ʯʝʤ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʤʝʪʦʜʫ. ʉʧʠʨʪʦʚʘʥʥʳʡ ʥʘʩʪʦʡ ʠʟ ʦʙʣʝʧʠʭʦʚʦʛʦ ʞʤʳʭʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʙʦʪʢʠ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʠʤʝʝʪ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʳʰʝ, 

ʯʝʤ ʩʧʠʨʪʦʚʘʥʥʳʡ ʥʘʩʪʦʡ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʩʪʘʠʚʘʥʠʷ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʧʨʦʮʝʩʩ ʵʢʩʪʨʘʛʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ 

ʧʦʣʥʦ, ʚ ʩʧʠʨʪʦʚʘʥʥʳʡ ʥʘʩʪʦʡ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʪʨʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʣʠʢʝʨʦ-ʚʦʜʦʯʥʦʛʦ 

ʧʦʣʫʬʘʙʨʠʢʘʪʘ. ʇʦʣʫʯʝʥʥʳʡ ʥʘʩʪʦʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʠʢʝʨʦ-ʚʦʜʦʯ-

ʥʳʭ ʠʟʜʝʣʠʡ. 
ɹʠʙʣʠʦʛʨʘʬʠʷ 
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ɺʃʀʗʅʀɽ ʇʀʑɽɺʓʍ ɺʆʃʆʂʆʅ  

ʅɸ ʌʆʈʄʀʈʆɺɸʅʀɽ ʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʉɺʆʁʉʊɺ ɹʀʆʇʈʆɼʋʂʊɸ 

  

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʬʠʜʦ-

ʙʘʢʪʝʨʠʡ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʤʦʣʦʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠʥʪʝʥʩʠ-

ʬʠʮʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢ-

ʪʝʨʠʡ. ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʢʩʦ-

ʪʨʦʧʥʦ-ʦʙʨʘʪʠʤʳʭ ʩʚʷʟʝʡ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʙʝʣʢʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʬʦʨʤʠʨʫʶʪ ʚʷʟʢʫʶ ʩʪʘʙʠʣʴʥʫʶ 

ʢʦʥʩʠʩʪʝʥʮʠʶ. 

ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. ʇʦʢʘʟʘʥʦ ʥʘʣʠʯʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʥ-

ʪʘʢʪʦʚ ï ʢʦʛʝʟʠʠ ʠ ʧʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʩʦʢʫʶ ʘʜʘʧ-

ʪʘʮʠʶ ʢ ʥʦʚʦʡ ʩʨʝʜʝ. 
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THE INFLUENCE OF FOO D FIBRES ON FORMATIO N 

OF BIOPRODUCT FUNCTI ONAL PROPERTIES 

 
The paper investigates the influence of cedar cakeôs food fibers on the functional properties of 

bifidobacteria at milk fermentation. It is established that fermentation process is intensified with increase in a 

dose of food fibers. Concentration of bifidobacteria viable cages also increases. High-molecular polysaccha-

rides of cedar cake promote formation of thixotropic-reversible links at fermentation of proteinaceous system 

and form a viscous stable consistence. 

Correlation between the content of food fibers and bifidobacteria morphological changes is shown in 

the article. The work presents existence of morphologically various intercellular contacts ï cohesion and in-

crease in adhesive properties of the bifidobacteria providing high adaptation to the new environment. 

Key words: food fibers, bifidobacteria, cedar cake, cohesion, adhesion. 

 

ɺʚʝʜʝʥʠʝ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠ,̫ ʧʦʜ ʢʦʪʦʨʳʤ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʦʢʘʟʳʚʘʶʪ ʨʝʛʫʣʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʚ ʮʝʣʦʤ ʠʣʠ 

ʥʘ ʝʛʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʠ ʦʨʛʘʥʳ. ɺ ʤʠʨʦʚʦʤ ʤʘʩʰʪʘʙʝ ʠʜʝʪ ʧʦʩʪʦʷʥʥʘʷ ʨʘʙʦʪʘ ʧʦ ʩʦ-

ʟʜʘʥʠʶ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ, ʦʙʣʘʜʘʶʱʠʭ ʢʘʢ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʧʨʠ-

ʤʝʥʝʥʠʷ, ʪʘʢ ʠ ʪʦʯʝʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʥʘ ʢʦʥʢʨʝʪʥʳʡ ʦʨʛʘʥ, ʩʠʩʪʝʤʫ, ʟʘʙʦʣʝʚʘʥʠʝ [1, 2, 3, 4]. 

ʇʦʣʝʟʥʳʤ ʧʨʠʨʦʜʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʮʝʣʝʙʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ 

ʦʨʝʭ ʢʝʜʨʘ ʩʠʙʠʨʩʢʦʛʦ. ʆʜʥʠʤ ʠʟ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʞʤʳʭ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʞʤʳʭʘ ̫ ʚʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʝʟʘʤʝʥʠʤʳʭ ʘʤʠʥʦʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʙʝʣʢʦʚ, ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ 
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ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʣʠʧʠʜʥʦʡ ʬʨʘʢʮʠʠ, ʚʠʪʘʤʠʥʦʚ ʛʨʫʧʧʳ ɺ, ʪʦʢʦʬʝʨʦʣʦʚ, ʧʠʱʝʚʳʭ ʚʦ-

ʣʦʢʦʥ, ʙʝʣʢʦʚʳʭ ʬʨʘʢʮʠʡ, ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʮʝʥʥʦʡ ʜʦʙʘʚʢʠ ʚ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ.  

ʎʝʣʴ ʨʘʙʦʪʳ - ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʠʩʣʦ-

ʤʦʣʦʯʥʦʛʦ ʙʠʦʧʨʦʜʫʢʪʘ. 

 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ 

ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʊʦʚʘʨʦʚʝʜʝʥʠʝ ʠ ʵʢʩʧʝʨʪʠʟʘ ʪʦʚʘʨʦʚè ʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʄʘʣʦʛʦ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʄʀʇ) çɹʠʬʠʚʠʪè ʌɻɹʆʋ ɺʆ çɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷè. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣ Bifidobacterium longum DK-100, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ɺʩʝʨʦʩ-

ʩʠʡʩʢʦʡ ʢʦʣʣʝʢʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʌɻʋʇ ɻʦʩʅʀʀ çɻʝʥʝʪʠʢʘè, ʘʢʪʠʚʠʟʠ-

ʨʦʚʘʥʥʳʡ ʙʠʦʪʝʭʥʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʚ ɺʉɻʋʊʋ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʨʘʩʪʠʪʝʣʴʥʘʷ ʜʦʙʘʚʢʘ - ʞʤʳʭ ʷʜʨʘ ʢʝʜʨʦʚʦʛʦ ʦʨʝʭʘ (ʊʋ 9146-001-5313736-06). 

ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳʨʴʷ, ʟʘʢʚʘʩʦʢ ʠ ʢʠʩ-

ʣʦʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʦʧʨʝʜʝʣʷʣʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʠ ʦʙʱʝʧʨʠʥʷʪʳʤʠ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʧʨʘʢʪʠʢʝ ʤʝʪʦʜʘʤʠ. ɸʢʪʠʚʥʫʶ ʢʠʩʣʦʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 53359-2009, ʢʦʣʠʯʝʩʪʚʝʥ-

ʥʳʡ ʫʯʝʪ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ï ʧʦ ʄʋʂ 4.2.999-00. 

ɸʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠ ʥʘ ʬʦʨʤʘʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʵʨʠʪʨʦʮʠʪʘʭ ʧʦ ʨʘʟʚʝʨʥʫʪʦʤʫ 

ʤʝʪʦʜʫ ɺ.ʀ. ɹʨʠʣʠʩ. ʄʦʨʬʦʣʦʛʠʶ ʙʘʢʪʝʨʠʡ ʠʟʫʯʘʣʠ ʧʫʪʝʤ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʧʦ 

ɻʨʘʤʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʠʢʨʦʩʢʦʧʠʨʦʚʘʥʠʝʤ ʚ ʠʤʤʝʨʩʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩ ʦʙʲʝʢʪʠʚʦʤ 90. ʌʦʪʦ-

ʛʨʘʬʠʠ ʤʠʢʨʦʢʘʨʪʠʥ ʢʣʝʪʦʢ ʙʘʢʪʝʨʠʡ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ USB 

çɹʀʆʈè. ʇʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟʫʯʘʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ 

Brookfield RVDV-II+PRO ʚ ʎʝʥʪʨʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ çʇʨʦʛʨʝʩʩè ɺʉɻʋʊʋ [5].   

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʧʨʦ-

ʛʨʘʤʤʳ Statistica 6. ʀʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʢʨʠʪʝʨʠʡ ʄʘʥʥʘ-ʋʠʪʥʠ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ). ɿʥʘʯʠʤʳʤʠ ʩʯʠʪʘʣʠ ʨʘʟʣʠʯʠʷ, ʝʩʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʢʠ ʨÒ0,05. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. ʆ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʜʠʣʠ ʧʦ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʀʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 1 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʧʦʚʳʰʘʝʪʩʷ ʢʠʩ-

ʣʦʪʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʮʠʠ. ɺ 

ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʮʠʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʯʝʨʝʟ 6 ʯ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙ-

ʨʘʟʮʝ ʩʛʫʩʪʦʢ ʦʙʨʘʟʫʝʪʩʷ ʯʝʨʝʟ 8 ʯ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʝʪʩʷ ʚʷʟʢʦʩʪʴ ʙʝʣʢʦʚʦʛʦ ʩʛʫʩʪʢʘ ʠ ʧʨʠ ʜʦʟʝ 

ʞʤʳʭʘ 3%, ʢʦʥʩʠʩʪʝʥʮʠʷ ʧʨʦʜʫʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʠʟʣʠʰʥʝ ʚʷʟʢʦʡ. 

ʇʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʯʝʪʝ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ 

ʘʢʪʠʚʠʟʠʨʫʝʪ ʨʦʩʪ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ (ʨʠʩ. 2). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʘ 2, ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʯʝʨʝʟ 

6 ʯʘʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ ʩʦʩʪʘʚʣʷʝʪ 1010 ʂʆɽ ʚ 

1 ʩʤ3, ʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ï 108 ʂʆɽ ʚ 1 ʩʤ3. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʢʝʜʨʦʚʳʡ 

ʞʤʳʭ ʦʙʣʘʜʘʝʪ ʧʨʝʙʠʦʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ, ʧʦʚʳʰʘʝʪ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʢʣʝʪʦʢ ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ ʠ ʩʦʢʨʘʱʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʝʨ-

ʤʝʥʪʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 1 ï ɺʣʠʷʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʥʘ ʢʠʩʣʦʪʦʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ 

 

 
ʈʠʩʫʥʦʢ 2 ï ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʦʟ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʥʘ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ 

 

ʂʦʥʩʠʩʪʝʥʮʠʷ ï ʵʪʦ ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʫʧʨʘʚʣʝʥʠʠ ʢʘʯʝʩʪʚʦʤ ʙʠʦʪʝʭ-

ʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʷʟʢʦʡ 

ʞʠʜʢʦʩʪʠ. ʅʘʨʷʜʫ ʩ ʚʥʝʰʥʠʤ ʚʠʜʦʤ, ʮʚʝʪʦʤ, ʟʘʧʘʭʦʤ ʠ ʘʨʦʤʘʪʦʤ ʢʦʥʩʠʩʪʝʥʮʠʷ ʢʠʩʣʦʤʦʣʦʯ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɿʘʢʚʘʩʦʯʥʘʷ ʢʫʣʴ-

ʪʫʨʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦʧʨʦʜʫʢʪʘ. 

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ ʦʙʨʘʟʫʶʪ ʣʝʛʢʦʪʝʢʫʯʠʝ ʩʛʫʩʪʢʠ ʩ ʥʝʞʥʦʡ ʢʦʥʩʠʩʪʝʥʮʠʝʡ.  

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʥʩʦʨʥʘʷ ʦʮʝʥʢʘ ʢʦʥʩʠʩʪʝʥʮʠʠ, 

ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʶʪ ʵʤʧʠʨʠʯʝʩʢʠ, ʦʮʝʥʠʚʘʷ ʧʦʚʝʜʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ. 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪ rʩʝʥʩʦʨʥʦʡ ʦʮʝʥʢʠ ʩʫʙʲʝʢʪʠʚʥ.r ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝ-

ʪʦʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʘʣʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʣ-

ʢʦʚʦʛʦ ʩʛʫʩʪʢʘ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ. 

ʀʩʩʣʝʜʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʦʙʲʝʢʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥ-

ʜʝʣʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʨʠʩ. 3). ɿʘʚʠʩʠʤʦʩʪʴ çʚʷʟʢʦʩʪʴ - ʩʢʦʨʦʩʪʴè 
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ʂʦʥʪʨʦʣʴɼʦʟʘ 1%ɼʦʟʘ 2%ɼʦʟʘ 3%
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ʦʪʨʘʞʘʝʪ ʥʘ ʩʢʦʣʴʢʦ ʨʘʟʨʫʰʘʝʪʩʷ ʩʠʩʪʝʤʘ ʠ ʤʦʞʝʪ ʣʠ ʦʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʰʧʠʥʜʝʣʷ.  

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʘʚʠʩʠʤʦʩʪʴ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʚʷʟʢʦʩʪʴ ʢʘʢ ʢʦʥʪʨʦʣʴʥʦʛʦ, ʪʘʢ ʠ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʰʧʠʥ-

ʜʝʣʷ ʩʥʠʞʘʝʪʩʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 550 ʠ 670 ʩʇʟ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʠʩʩʣʝʜʫʝʤʳʝ ʢʠʩʣʦʤʦʣʦʯʥʳʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘ-

ʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʢʘʢ ʢʦʥʪʨʦʣʴʥʦʛʦ, ʪʘʢ ʠ ʦʧʳʪ-

ʥʦʛʦ ʦʙʨʘʟʮʘ.  

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʥʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʠʢʩʦʪʨʦʧʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʤ, ʪʘʢ ʠ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ (ʨʠʩ. 3). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʣʢʦʚʦʡ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ. ɺʷʟʢʦʩʪʴ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʧʨʠʣʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʦʚʳʰʘʝʪʩʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʟʥʘʯʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ: ʙʠʬʠʜʦ-

ʙʘʢʪʝʨʠʠ (ʢʦʥʪʨʦʣʴ ï ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ) - 1550 ʩʇʟ, ʘ ʚ ʦʧʳʪʥʦʤ ʦʙʨʘʟʮʝ ʙʠʬʠʜʦʙʘʢʪʝʨʠʠ ʩ ʢʝʜ-

ʨʦʚʳʤ ʞʤʳʭʦʤ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 2200 ʩʇʟ. ʅʘʠʙʦʣʴʰʝʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʩʪʴʶ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʝʣʢʦʚʘʷ ʩʠʩʪʝʤʘ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ. ɿʥʘʯʝʥʠʷ ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʜʣʷ ʙʝʣʢʦʚʦʛʦ ʩʛʫʩʪʢʘ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ ʜʣʷ ʥʝʨʘʟʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʩʪʨʫʢʪʫʨʳ, ʧʦʜʚʝʨʛʰʝʡʩʷ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʦʪʣʠʯʘʶʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ.  

ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫʨʦ-

ʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʛʫʩʪʦʢ ʩʦ ʩʪʘʙʠʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʟʫʯʘʣʠ çʪʠʢʩʦʪʨʦʧʥʳʡ ʠʥʜʝʢʩè, ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʵʬʬʝʢ-

ʪʠʚʥʦʡ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʘʛʨʫʟʢʝ ʠ ʨʘʟʛʨʫʟʢʝ (ʪʘʙʣ. 1). 
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ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʰʧʝʥʜʝʣʷ, ʦʙ./ʤʠʥ.
ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ (ʢʦʥʪʨʦʣʴ)

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ (ʢʦʥʪʨʦʣʴ) ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ
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ʊʘʙʣʠʮʘ 1 

ʊʠʢʩʦʪʨʦʧʥʳʡ ʠʥʜʝʢʩ 

 

ʆʙʨʘʟʮʳ 

ʕʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ,  

ʤʇʘ*ʩ 

ʊʠʢʩʦʪʨʦʧʥʳʡ  

ʠʥʜʝʢʩ ʉʪʝʧʝʥʴ  

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ 
ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ  

ʜʝʬʦʨʤʘʮʠʠ 

ʤʠʥʠʤʘʣʴʥʘʷ 

ʩʢʦʨʦʩʪʴ  

ʜʝʬʦʨʤʘʮʠʠ 

ʧʨʠ 

ʥʘʛʨʫʟʢʝ 

ʧʨʠ  

ʨʘʟʛʨʫʟʢʝ 

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ (ʢʦʥ-

ʪʨʦʣʴ) 

 

20,28 

 

16,32 

 

3,55 

 

2,99 

 

1,18 

ɹʠʬʠʜʦʙʘʢʪʝʨʠʠ ʩ ʢʝʜʨʦ-

ʚʳʤ ʞʤʳʭʦʤ 

 

24,70 

 

16,57 

 

3,69 

 

2,47 

 

1,49 

 

ʀʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʪʠʢʩʦʪʨʦʧʥʳʡ ʠʥʜʝʢʩ ʙʦʣʴʰʝ 

ʝʜʠʥʠʮʳ ʠ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʠʢʩʦʪʨʦʧʥʦ-ʦʙʨʘʪʠʤʳʤʠ ʩʚʷʟʷʤʠ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʩʪʝʧʝʥʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʙʝʣʢʦʚʦʡ ʩʠʩʪʝʤʝ ʩ ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ ʠʤʝʝʪ ʙʦʣʝʝ 

ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʩʝ-

ʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʪʠʢʩʦʪʨʦʧʥʦ-ʦʙʨʘʪʠʤʳʭ 

ʩʚʷʟʝʡ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʙʦʣʴʰʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʨʫʰʝʥʥʦʛʦ ʩʛʫʩʪʢʘ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʨʤʠʨʫʝʪ ʚʷʟʢʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʢʦʥʩʠʩʪʝʥʮʠʶ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʩ ʢʝʜʨʦʚʳʤ 

ʞʤʳʭʦʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ (ʨʠʩ. 4). 

 

              
          ʘ - ʢʦʥʪʨʦʣʴ                           ʙ - 1%                                 ʚ - 2%                               ʛ - 3% 

 

ʈʠʩʫʥʦʢ 4 ï ʄʠʢʨʦʢʘʨʪʠʥʘ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ɺ. longum Dʂ-100 (ʫʚʝʣʠʯʝʥʠʝ 1ʭ1000) 

 

ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʚʥʝʩʝʥʠʠ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʚ ʧʠʪʘʪʝʣʴʥʫʶ 

ʩʨʝʜʫ ʠʟʤʝʥʷʝʪʩʷ ʪʦʧʦʛʨʘʬʠʷ ʚʟʘʠʤʦʨʘʩʧʦʣʦʞʝʥʠʷ ʢʦʢʢʦʠʜʥʳʭ, ʧʘʣʦʯʢʦʚʠʜʥʳʭ ʠ ʤʫʣʴʪʠʩʝʧ-

ʪʠʨʦʚʘʥʥʳʭ ʦʩʦʙʝʡ ʠ ʧʨʦʠʩʭʦʜʪ̫ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ 

ʢ ʠʟʤʝʥʠʚʰʝʡʩʷ ʩʨʝʜʝ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ (ʩʤ. ʨʠʩ. 4). 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʢʣʝʪʦʢ ʚ ʧʦʧʫʣʷʮʠʠ. ɺʥʝʩʝʥʠʝ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʢʦʛʝʟʠʠ ʢʣʝʪʦʢ, ʠʥʪʝʥʩʠʬʠʢʘ-

ʮʠʠ ʤʝʞʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʤʥʦʛʦʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʜʘʧʪʘ-

ʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʣʝʪʦʢ ʚ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʢ ʤʝʭʘʥʠʟʤʘʤ, ʛʘʨʘʥʪʠʨʫʶʱʠʤ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʤʠʢʨʦʙʥʦʛʦ ʢʦʥʩʦʨʮʠʫʤʘ, ʦʪʥʦʩʷʪʩʷ ʤʝʞʢʣʝʪʦʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʢʦʛʝʟʠʷ ʠ ʧʨʦʯʥʦʝ ʧʨʠ-

ʢʨʝʧʣʝʥʠʝ ʢʣʝʪʦʢ ʢ ʩʫʙʩʪʨʘʪʫ (ʘʜʛʝʟʠʷ) [6, 7]. 

ɼʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙ-

ʣʠʮʝ 2. 

  



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 

 

31 
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ʊʘʙʣʠʮʘ 2 

ɸʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ɺ. longum DK-100 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ  

ʧʦʢʘʟʘʪʝʣʷ 
ʉʇɸ ʂʋʕ, % ʀɸʄ ɸʜʛʝʟʠʚʥʦʩʪʴ 

ʐʪʘʤʤ B. longum DK-100 4,2 84 4,76 

ʚʳʩʦʢʦʘʜʛʝʟʠʚʥʳʡ ɹʠʦʧʨʦʜʫʢʪ ʩ 2%-ʥʳʤ 

ʢʝʜʨʦʚʳʤ ʞʤʳʭʦʤ 
4,4 86 5,11 

 

ʀʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʚ ʧʠʪʘʪʝʣʴʥʦʡ 

ʩʨʝʜʝ ʧʦʚʳʰʘʶʪʩʷ ʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦ-

ʩʪʴʶ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʢʦʣʦʥʠʟʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ ʠ ʧʨʠʢʨʝʧʣʷʪʴʩʷ ʢ ʥʠʤ 

ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʠʟʠʩʪʳʭ ʙʠʦʧʣʝʥʦʢ. ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʤʥʝʥʠʷʤʠ 

ʜʨʫʛʠʭ ʘʚʪʦʨʦʚ ʦʙ ʘʜʛʝʟʠʚʥʦʩʪʠ ʧʨʦʙʠʦʪʠʯʝʩʢʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ [8]. 

ʇʦʚʳʰʝʥʠʝ ʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʠʦʧʨʦʜʫʢʪʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʭʦʨʦʰʝʡ ʧʨʠ-

ʞʠʚʘʝʤʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʘʜʘʧʪʘʮʠʠ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ ʯʝʣʦʚʝʢʘ. 

 

ɺʳʚʦʜʳ 

1. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʝʜʨʦʚʦʛʦ 

ʞʤʳʭʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʠʩʣʦʤʦʣʦʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʧʦʚʳʰʘʝʪ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ. 

2. ʀʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩ ̫ʧʨʦʮʝʩʩ ʬʝʨʤʝʥʪʘʮʠʠ ʠ ʧʦʚʳʰʘʝʪʩ ̫ʢʦʣʠʯʝʩʪʚʦ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ 

ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʧʦʣʝʟʥʦʩʪʠ ʧʨʦʜʫʢʪʘ. 

3. ɺʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ ʨʝʛʫʣʠʨʫʶʪ ʧʨʦʮʝʩʩ ʩʪʨʫʢʪʫ-

ʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ.  

4. ʄʝʥʷʝʪʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʢʣʝʪʦʢ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʘʛʨʝʛʘʮʠʠ ʠ ʘʜʛʝʟʠʠ ʢʣʝʪʦʢ ʥʘ ʧʠʱʝʚʳʭ ʚʦʣʦʢʥʘʭ ʢʝʜʨʦʚʦʛʦ ʞʤʳʭʘ. 
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ʀɿʄɽʅɽʅʀɽ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ  

ɸʉʌɸʃʔʊʆɹɽʊʆʅʅʓʍ ʇʆʂʈʓʊʀʁ  

ʅɸ ʆʇʓʊʅʓʍ ʋʏɸʉʊʂɸʍ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼʆʈʆɻ  

ɺ ʇʈʆʎɽʉʉɽ ʕʂʉʇʃʋɸʊɸʎʀʀ 

 
ɸʩʬʘʣʴʪʦʙʝʪʦʥ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʩ-

ʬʘʣʴʪʦʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ, ʦʙʣʘʜʘʶʱʠʡ ʥʘʠʙʦʣʴʰʝʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʧʦʨʦʰʢʦʚ ʠʟ ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʦʚ ʠ ʙʫʨʳʭ ʫʛʣʝʡ [1, 2]. 

ɸʩʬʘʣʴʪʦʙʝʪʦʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʦʪʣʠʯʘʶʪʩʷ ʫʣʫʯʰʝʥ-

ʥʳʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʯʥʦʩʪʴ, ʚʦʜʦʩʪʦʡʢʦʩʪʴ, ʤʦʨʦʟʦ-

ʩʪʦʡʢʦʩʪʴ ʠ ʪ.ʜ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʘʩʬʘʣʴʪʦ-

ʙʝʪʦʥʦʚ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 3 ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʯʘʩʪʢʘ ʧʦʢʨʳʪʠʡ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛʘʭ 

çʋʤʥʘʩè ʠ çɺʠʣʶʡè. 

ʇʦʩʣʝ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘʯʘʣʠʩʴ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ ʠʩʧʳʪʘʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ, ʧʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʦʚʥʦʩʪʠ ʠ ʢʦʣʝʡʥʦʩʪʠ, ʠʟʤʝʨʝʥʠʝ ʰʠʨʠʥʳ 

ʨʘʩʢʨʳʪʠʷ ʪʨʝʱʠʥ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʩʬʘʣʴʪʦʙʝʪʦʥ, ʤʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʫʯʘʩʪʢʠ, 

ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴ-

ʪʦʙʝʪʦʥʘ, ʨʦʚʥʦʩʪʴ, ʢʦʣʝʡʥʦʩʪʴ. 

 

V.E. Kopylov, Senior Lecturer 

O.N. Burenina, Cand.Sc. Engineering 

 

CHANGING THE PHYSICAL AND MECHANICAL PROPERTIES  

OF ASPHALT CONCRETE PAVEMENT  

ON THE EXPERIMEN TAL ROAD SECTIONS DURING OPERATION  

 
Asphalt, at present, is the most common material for the construction of highways with a hard coating. 

One of the most important components in the asphalt concrete is a mineral powder, which has the largest 

surface area and therefore it is reactive. In previous studies, the application of powders of natural zeolites and 

lignite [1, 2] has been proved as use of a mineral powder. Asphalt concrete with mineral powders from local 

raw materials has improved physical and mechanical properties such as strength, water resistance, frost re-

sistance, etc. Three experimental road sections on the roads "Umnas" and "Viluy" coatings have been built 

for operational testing of developed asphalt concrete formulations. 

The module of pavement elasticity, asphalt concrete density, coefficient of adhesion have been chosen 

as the main parameters during monitoring trials. In addition, assessment of flatness and rutting, measurement 

of width of cracks disclosure have been made in the work. 

Key words: asphalt concrete, mineral powder, experimental sites, trial testing, elasticity module, cou-

pling coefficient, asphalt concrete density, flatness, rutting. 

 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ 

ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʷʚʣʷʝʪʩʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥ. ɺ ɻʆʉʊ 9128-2013 [3] ʜʘʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʘʩʬʘʣʴ-

ʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ: ʵʪʦ ʨʘʮʠʦʥʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʘʷ ʩʤʝʩʴ ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʝʩʢʘ ʩ 
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ʤʠʥʝʨʘʣʴʥʳʤ ʧʦʨʦʰʢʦʤ ʩ ʙʠʪʫʤʦʤ, ʚʟʷʪʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ɺʘʞʥʝʡʰʝʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʘʩʬʘʣʴʪʦʚʦʝ ʚʷʞʫʱʝʝ ʚʝʱʝʩʪʚʦ ï ʙʠʥʘʨʥʘʷ ʩʠʩʪʝʤʘ, ʩʦ-

ʩʪʦʷʱʘʷ ʠʟ ʙʠʪʫʤʘ ʢʘʢ ʩʨʝʜʳ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʢʘʢ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ [1, 2, 4, 5]. 

ʄʠʥʝʨʘʣʴʥʳʡ ʧʦʨʦʰʦʢ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʝ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ ʩʪʨʫʢʪʫʨʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, 

ʦʩʥʦʚʥʘʷ ʮʝʣʴ ʢʦʪʦʨʦʡ - ʧʝʨʝʚʝʩʪʠ ʙʠʪʫʤ ʠʟ ʦʙʲʝʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʧʣʝʥʦʯʥʦʝ, ʪ.ʝ. ʚ ʪʘʢʦʝ 

ʩʦʩʪʦ̫ʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʙʠʪʫʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩ̫ ʙʦӢʣɹ ʝhʡ ʚ̫ʟʢʦʩʪɹ  ʁʠ ʧʨʦʯʥʦʩʪɹ .ʁ  

ɺ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʝ ʧʦʨʦʰʢʠ, ʧʨʦʠʟ-

ʚʦʜʠʤʳʝ ʠʟ ʤʝʩʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ (ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʠ ʙʫʨʦʛʦ ʫʛʣʷ), ʦʙʣʘʜʘʶʪ ʚʳ-

ʩʦʢʠʤ ʩʪʨʫʢʪʫʨʠʨʫʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʙʠʪʫʤ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʬʠ-

ʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ [1, 2]. 

ɺ 2012 ʛ. ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʜʦʛʦʚʦʨʝʥʥʦʩʪʴ ʩ ʆɸʆ çʉʘʭʘʘʚʪʦʜʦʨè ʦ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʧʳʪ-

ʥʳʭ ʫʯʘʩʪʢʦʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʠʟ ʤʝʩʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʣʦʞʝʥʦ 3 ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘ ï ʚ 2012 ʛ. ʧʦʩʪʨʦʝʥ 

ʫʯʘʩʪʦʢ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ, ʚ 

2013 ʛ. ʧʦʩʪʨʦʝʥʦ ʜʚʘ ʫʯʘʩʪʢʘ ï ʩ ʙʫʨʳʤ ʫʛʣʝʤ ʠ ʧʨʠʨʦʜʥʳʤ ʮʝʦʣʠʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ 

ʧʦʨʦʰʢʦʚ. 

ʉʨʘʟʫ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʘʯʘʣʠʩʴ ʤʦʥʠʪʦʨʠʥʛʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʧʨʠʥʷʪʳ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʣʦʪʥʦʩʪʴ ʠ ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʟʘʤʝʨʳ ʫʢʣʦʥʦʚ ʠ ʨʦʚʥʦʩʪʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʢʦ-

ʣʝʝʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʠʟʫʘʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ. 

 

ʀʟʤʝʨʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ 

ʀʟʤʝʨʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʚʳʧʦʣʥʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆɼʄ 

218.2.024-2012 çʆʮʝʥʢʘ ʧʨʦʯʥʦʩʪʠ ʥʝʞʝʩʪʢʠʭ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜè ʧʨʠ ʧʦʤʦʱʠ ʫʩʪʘʥʦʚʢʠ ʜʠ-

ʥʘʤʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ɼʀʅɸ-3ʄ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʥʘ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çʋʤʥʘʩè ʧʦʩʣʝ ʜʚʫʭ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 84% ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ. ʊʘʢʦʝ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʳʟʚʘʥʦ ʩʪʘʨʝʥʠʝʤ ʚʷʞʫʱʝʛʦ ʚ ʘʩʬʘʣʴ-

ʪʦʙʝʪʦʥʝ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʙʠʪʫʤʝ ʧʨʦʠʩʭʦʜʷʪ ʥʝʦʙʨʘʪʠʤʳʝ ʧʨʦ-

ʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ: ʤʘʩʣʘ ʦʢʠʩʣʷʶʪʩʷ ʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʩʤʦʣʳ, ʢʦʪʦ-

ʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʘʩʪʠʯʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʘʩʬʘʣʴʪʝʥʳ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝ-

ʥʦʚ ʚ ʘʩʬʘʣʴʪʦʚʦʤ ʚʷʞʫʱʝʤ ʚʝʱʝʩʪʚʝ ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʚʷʞʫʱʝʛʦ. 

ʇʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦ-

ʨʦʰʢʘ ʟʘʤʝʜʣʝʥʳ ï ʧʦʩʣʝ ʦʜʥʦʛʦ ʛʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 3%, ʧʦ-

ʩʣʝ ʜʚʫʭ ʣʝʪ ï ʥʘ 8,9%, ʘ ʧʦʩʣʝ ʪʨʝʭ ï ʥʘ 41,1%. 
ʊʘʙʣʠʮʘ 1 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ 

 
ɼʘʪʘ ʠʩʧʳʪʘʥʠʡ 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E, ʄʇʘ 

2012 ʛ. 2013 ʛ. 2014 ʛ. 2015 ʛ. 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çʋʤʥʘʩè, 28 ʢʤ 

1 1976,35 2027,3 3635,7 3553,5 

2 2469,1 2543,6 2687,8 3485,1 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çɺʠʣʶʡè, 54 ʢʤ 

ɼʘʪʘ ʠʩʧʳʪʘʥʠʡ 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 

E, ʄʇʘ 

2014 ʛ. 2015 ʛ. 

1 1125,27 1589,7 

2 1537,1 1510,2 

3 1770,27 1535,8 

ʇʨʠʤʝʯʘʥʠʝ. 1 ï ʪʨʘʜʠʮʠʦʥʥʳʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥ; 2 - ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦ-

ʨʦʰʢʘ ʠʟ ʙʫʨʦʛʦ ʫʛʣʷ; 3 - ʘʩʬʘʣʴʪʦʙʝʪʦʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʮʝʦʣʠʪʘ 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 

 

35 

 
ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. 2017. ˉ 1 (64) 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʜʦʨʦʞʥʦʡ ʦʜʝʞʜʳ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çɺʠ-

ʣʶʡè ʧʦʢʘʟʘʣ ʫʚʝʣʠʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʜʦ 41,3%, ʩʥʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 13,2% ʚ ʧʦʢʨʳʪʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ 

ʮʝʦʣʠʪʘ ʠ ʜʦ 1,8 % - ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʜʣʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ 

ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʜʣʠʪʴ ʧʨʦʮʝʩʩʳ ʩʪʘʨʝʥʠʷ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʚʷʞʫʱʝʤ. ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟʙʠʨʘʪʝʣʴʥʘʷ ʜʠʬʬʫʟʠʷ ʯʘʩʪʠ 

ʤʘʩʝʣ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʠʪʫʤʝ, ʚʛʣʫʙʴ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʠʟ ʮʝʦʣʠʪʦʚ ʠ ʙʫʨʦʛʦ 

ʫʛʣʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʧʨʦʠʩʭʦʜʠʪ çʚʳʧʦʪʝʚʘ-

ʥʠʝè ʤʘʩʝʣ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʚʷʞʫʱʝʝ ʩʧʦʩʦʙʥʦ 

ʜʦʣʴʰʝ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʫʧʨʫʛʦ-ʚʷʟʢʠʝ ʩʚʦʡʩʪʚʘ.  

ɿʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʘʩʬʘʣʴʪʦʚʦʛʦ ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʝ ʧʦʟ-

ʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ ʨʝʤʦʥʪʘ. 

 

ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ 

ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʣʦʪʥʦʤʝʨʘ ʘʩʬʘʣʴ-

ʪʦʙʝʪʦʥʘ ʇɸ-ʄɻ4, ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʉʧʝʮʠʘʣʴʥʦʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʙʶʨʦ ʉʪʨʦʡʧʨʠʙʦʨè. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
ʊʘʙʣʠʮʘ 2 

ʇʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

 
ɼʘʪʘ ʠʩʧʳʪʘʥʠʡ 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 

ʇʣʦʪʥʦʩʪʴ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʢʛ/ʤ3 

09.2012 07.2013 05.2014 09.2014 05.2015 09.2015 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çʋʤʥʘʩè, 28 ʢʤ 

1 2242,3 2224,6 2181,1 1934,8 2183 2166,7 

2 2023,0 2098,0 2191,2 2151,7 2127,6 2114,3 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çɺʠʣʶʡè, 54 ʢʤ 

1 - - 2116,1 2344,7 2104 2187,3 

2 - - 2213 2327,9 2229,4 2193 

3 - - 2283,1 2339,7 2212,4 2148,7 

ʇʨʠʤʝʯʘʥʠʝ. ʅʫʤʝʨʘʮʠʷ ʩʦʩʪʘʚʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʙʣʠʮʝ 1 

 

ʀʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʘʩʬʘʣʴʪʦʚʦʛʦ ʙʝʪʦʥʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çʋʤʥʘʩè 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʩʣʝ ʪʨʝʭ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʢʨʳʪʠʡ ʢʘʢ ʥʘ 

ʫʯʘʩʪʢʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ, ʪʘʢ ʠ ʥʘ ʫʯʘʩʪʢʝ ʩ ʙʫʨʳʤ ʫʛʣʝʤ ʚ ʩʦʩʪʘʚʝ ʘʩʬʘʣʴ-

ʪʦʙʝʪʦʥʘ. ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʧʦʢʨʳʪʠʡ ʠʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ, ʚʝʨʦ-

ʷʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʨʳʪʠʷ ʚʦ ʚʨʝʤʷ ʟʘʤʝʨʦʚ. ʉʭʦʞʠʝ ʜʘʥʥʳʝ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʧʦʣʫʯʝʥʳ ʠ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çɺʠʣʶʡè.  

 

ʀʟʤʝʨʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʩʠʣʳ ʩʮʝʧʣʝʥʠʷ ʰʠʥ ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ. 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʦʨʪʘʪʠʚʥʦʛʦ ʠʟʤʝʨʠʪʝʣʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʀʂʉʧ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʉʧʝʮʜʦʨʪʝʭʥʠʢʘè. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝ-

ʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ 

 
ɼʘʪʘ ʠʩʧʳʪʘʥʠʡ 

ʅʦʤʝʨ ʩʦʩʪʘʚʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ 

09.2012 07.2013 05.2014 09.2014 05.2015 09.2015 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çʋʤʥʘʩè, 28 ʢʤ 

1 0,3 0,2 0,35 0,31 0,28 0,31 

2 0,3 0,3 0,38 0,3 0,27 0,34 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʜʦʨʦʛʘ çɺʠʣʶʡè, 54 ʢʤ 

1 - - 0,33 0,43 0,37 0,39 

2 - - 0,35 0,42 0,31 0,42 

3 - - 0,34 0,4 0,36 0,42 

ʇʨʠʤʝʯʘʥʠʝ. ʅʫʤʝʨʘʮʠʷ ʩʦʩʪʘʚʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʙʣʠʮʝ 1 

 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʠ-

ʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ʙʫʨʳʭ ʫʛʣʝʡ ʠ ʮʝʦʣʠʪʘ ʥʝ ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʧʦʢʘʟʘ-

ʪʝʣʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʢʨʳʪʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʫʭʫʜʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʮʝʧ-

ʣʝʥʠʷ ʰʠʥ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ. 

 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ 

ʆʮʝʥʢʘ ʩʦʩʪʦʷʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪ-

ʢʘʭ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 2015 ʛ. ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆɼʅ 218.0.006-2002 [6]. ʈʦʚʥʦʩʪʴ ʧʦʢʨʳʪʠʷ ʦʮʝ-

ʥʠʚʘʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʡʢʠ ʈɼʋ ʂʆʅɼʆʈ-3 ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 30412-96 [7] ʠ 

ʉʇ 78.13330.2012 [8]. ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʠʟʤʝʨʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆɼʄ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʚʳʷʚʣʝʥʠʶ ʠ ʫʩʪʨʘʥʝʥʠʶ ʢʦʣʝʡ ʥʘ ʥʝʞʝʩʪʢʠʭ ʜʦʨʦʞʥʳʭ ʦʜʝʞʜʘʭè. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ɸ ʉʇ 78.13330.2012 çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦ-

ʨʦʛʠè ʜʣʷ ʧʦʢʨʳʪʠʡ ʠʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʷʞʫʱʠʤ, ʥʝ ʙʦʣʝʝ 5% ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʧʨʝʜʝʣʝʥʠʡ ʤʦʛʫʪ ʠʤʝʪʴ ʟʥʘʯʝʥʠʷ ʧʨʦʩʚʝʪʦʚ ʧʦʜ ʨʝʡʢʦʡ ʜʣʠʥʦʡ ʦʪ 3 ʜʦ 6 ʤʤ, ʦʩʪʘʣʴʥʳʝ ï ʜʦ 

3 ʤʤ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʡ ʦʮʝʥʢʠ ʫʯʘʩʪʢʦʚ ʧʦʢʨʳʪʠʡ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çʋʤ-

ʥʘʩè ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʫʯʘʩʪʦʢ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʫʜʦʚʣʝʪʚʦ-

ʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 78.13330.2012 çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠè ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʨʦʚʥʦʩʪʠ, ʪʘʢ 

ʢʘʢ ʥʠ ʦʜʠʥ ʠʟ 25 ʠʟʤʝʨʝʥʥʳʭ ʧʨʦʩʚʝʪʦʚ ʧʦʜ ʨʝʡʢʦʡ ʥʝ ʙʳʣ ʙʦʣʴʰʝ 3 ʤʤ. ʋʯʘʩʪʦʢ ʧʦʢʨʳʪʠʷ 

ʠʟ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉʇ 78.13330.2012 çɸʚʪʦʤʦ-

ʙʠʣʴʥʳʝ ʜʦʨʦʛʠè, ʪʘʢ ʢʘʢ ʠʤʝʶʪʩʷ ʧʨʦʩʚʝʪʳ ʧʦʜ ʨʝʡʢʦʡ ʙʦʣʴʰʝ 6 ʤʤ (2 ʧʨʦʩʚʝʪʘ, ʠʣʠ 8%), 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʚʝʪʦʚ ʜʦ 6 ʤʤ ï 7 (28%), ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʚʝʪʦʚ ʜʦ 3 ʤʤ ï 16 (64%). 

ʉʦʛʣʘʩʥʦ ʧ. 6 ʯ. 1 ʆɼʄ çʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʷʚʣʝʥʠʶ ʠ ʫʩʪʨʘʥʝʥʠʶ ʢʦʣʝʡ ʥʘ ʥʝʞʝʩʪʢʠʭ 

ʜʦʨʦʞʥʳʭ ʦʜʝʞʜʘʭè ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 100 ʢʤ/ʯ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʛʣʫ-

ʙʠʥʘ ʢʦʣʝʠ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʝʝ 20 ʤʤ, ʜʦʧʫʩʪʠʤʘʷ ï 12 ʤʤ. ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʥʘ ʫʯʘʩʪʢʝ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʩʦʩʪʘʚʠʣʘ 2,4 ʤʤ, ʘ ʥʘ ʫʯʘʩʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ï 4,04 ʤʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚ-

ʥʳʭ ʘʢʪʦʚ. 

ɺʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʥʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʝ çʋʤʥʘʩè ʚ 

2012 ʛ. ʚʳʷʚʠʣ ʥʘʣʠʯʠʝ ʜʚʫʭ ʧʦʧʝʨʝʯʥʳʭ ʪʨʝʱʠʥ ʩ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 5,8 ʤʤ. ʆʜʥʘʢʦ 

ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʪʨʝʱʠʥʳ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʚʩʶ ʰʠʨʠʥʫ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʪ.ʝ. ʯʝʨʝʟ 

ʫʯʘʩʪʢʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʚ ʪʦʤ ʯʠʩʣʝ. ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʣʦ-

ʭʦʡ ʧʦʜʛʦʪʦʚʢʝ ʥʠʞʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʣʦʝʚ ʜʦʨʦʛʠ. ʇʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʩʝʪʝʡ ʪʨʝʱʠʥ 

ʥʝ ʚʳʷʚʣʝʥʦ. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʫʯʘʩʪʢʘ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʠ çɺʠʣʶʡè ʜʘʣʦ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʋʯʘʩʪʢʠ ʢʘʢ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ, ʪʘʢ ʠ ʩ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫ-

ʨʦʛʦ ʫʛʣʷ ʠ ʮʝʦʣʠʪʘ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʉʇ 78.13330.2012 çɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠè 
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ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʨʦʚʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʠʥ ʠʟ ʠʟʤʝʨʝʥʥʳʭ ʧʨʦʩʚʝʪʦʚ ʧʦʜ ʨʝʡʢʦʡ ʥʝ ʙʳʣ ʙʦʣʴʰʝ 

3 ʤʤ. 

ɻʣʫʙʠʥʘ ʢʦʣʝʠ ʥʘ ʫʯʘʩʪʢʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ʩʦʩʪʘʚʠʣʘ 2,5 ʤʤ, ʥʘ 

ʫʯʘʩʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ï 2,7 ʤʤ, ʘ ʥʘ ʫʯʘʩʪʢʝ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʦʣʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʦʨʦʰʢʘ ï 3,5 ʤʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʚ ʥʘ 

ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʘʭ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʚʳʷʚʣʝʥʦ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ ʥʘ ʢʘʞʜʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʘʩ-

ʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʳʪʠʷ: ʥʘ ʫʯʘʩʪʢʝ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʘʩʬʘʣʴʪʦʙʝʪʦʥʦʤ ï 20 ʧʦʧʝʨʝʯʥʳʭ 

ʪʨʝʱʠʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ 3 ʤʤ, ʥʘ ʫʯʘʩʪʢʝ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʫʨʦʛʦ ʫʛʣʷ ï 16 ʧʦʧʝʨʝʯʥʳʭ ʪʨʝʱʠʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ 4 ʤʤ, ʥʘ ʫʯʘʩʪʢʝ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʮʝʦʣʠʪʘ ï 18 ʧʦʧʝʨʝʯʥʳʭ ʪʨʝʱʠʥ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 

ʨʘʩʢʨʳʪʠʷ 2 ʤʤ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤ 

ʜʣʷ ʫʯʘʩʪʢʦʚ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʜʚʠʞʝʥʠʷ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʨʳʪʠʡ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʤʝʩʪʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳ-

ʨʴʷ, ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʧʦʨʦʰʢʦʚ ʥʘʨʷʜʫ ʩ ʪʨʘ-

ʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʩʪ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʥʘ ʦʧʳʪʥʳʭ ʫʯʘʩʪʢʘʭ ʘʩ-

ʬʘʣʴʪʦʙʝʪʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʥʘ ʢʦʥʪʨʦʣʴ-

ʥʳʭ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʤʝʜʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ ʚʷʞʫʱʝʛʦ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʭ ʚ ʘʩʬʘʣʴʪʦʙʝʪʦʥʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʧʦʨʦʰʢʦʚ ʠʟ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ. ʈʘʟʫʧʣʦʪ-

ʥʝʥʠʡ ʘʩʬʘʣʴʪʦʙʝʪʦʥʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʰʠʥʳ ʩ ʧʦ-

ʢʨʳʪʠʝʤ ʧʦʩʣʝ ʪʨʝʭ ʣʝʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʢʘʟʘʪʝʣʠ ʨʦʚʥʦʩʪʠ ʠ 

ʢʦʣʝʡʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʥʦʨʤʘʪʠʚʥʳʭ ʘʢʪʦʚ. 
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ʀɿʋʏɽʅʀɽ ʕʃɽʄɽʅʊʅʆɻʆ ʉʆʉʊɸɺɸ  

ʅɸɼɿɽʄʅʓʍ ʆʈɻɸʅʆɺ ɺʆʃʆɼʋʐʂʀ ʂʆɿɽʃɽʎɽʃʀʉʊʅʆʁ  

(BUPLEURUM SCORZONERIFOLIUM WILLD),  

ʇʈʆʀɿʈɸʉʊɸʖʑɽʁ ɺ ʇʈʀɹɸʁʂɸʃʔɽ 

 
ɺʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ (Bupleurum scorzonerifolium Willd.) ʩʝʤʝʡʩʪʚʘ ʟʦʥʪʠʯʥʳʭ (Apiaceae) 

ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ: ʬʣʘʚʦʥʦʠʜʳ, ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʬʝʥʦʣʢʘʨʙʦ-

ʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʘʧʦʥʠʥʳ, ʢʫʤʘʨʠʥʳ. ɺ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ ʩʦʜʝʨʞʘʪʩʷ 

ʬʣʘʚʦʥʦʠʜʳ ï ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʛʠʧʝʨʦʟʠʜ, ʨʫʪʠʥ. ʀʟʫʯʝʥ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘ-

ʥʦʚ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ʇʨʠʙʘʡʢʘʣʴʝ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦ-

ʜʦʤ. ɹʳʣʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ 9 ʤʘʢʨʦ- ʠ 63 ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʘʥʪʦʚ. ɺʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠ-

ʩʪʥʘʷ ʩʦʜʝʨʞʠʪ ʚʘʞʥʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʵʣʝʤʝʥʪʳ. ʀʟ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʝʦʙʣʘ-

ʜʘʶʪ ʢʘʣʠʡ, ʢʘʣʴʮʠʡ, ʤʘʛʥʠʡ, ʬʦʩʬʦʨ, ʩʝʨʘ. ʆʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʚʘʞʥʳʭ ʜʣʷ ʦʨʛʘʥʠʟʤʘ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ: ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʮʠʥʢʘ, ʩʝʣʝʥʘ, ʤʝʜʠ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩ-

ʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʩʳʨʴʷ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʇɼʂ, ʫʢʘʟʘʥʥʳʤ ʚ ɻʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʌʘʨʤʘʢʦʧʝʝ XIII. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ, ʤʘʢʨʦʵʣʝʤʝʥʪʳ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʫʣʴʪʨʘʤʠʢʨʦ-

ʵʣʝʤʝʥʪʳ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʨʘʩʪʝʥʠʷ, ʩʝʤʝʡʩʪʚʦ ʟʦʥʪʠʯʥʳʝ. 

 

V.M. Mirovich , Dr. Sc. Pharm. 

S.A. Petukhova, P.G. 

 

THE RESEARCH OF BUPLEURUM SCORZONERIFOLIUM WILLD.  

ELEMENT STRUCTURE, GROWING IN THE BAIKAL REGION  

 
Bupleurum scorzonerifolium Willd. (Apiaceae) contains a complex of biologically active substances: 

flavonoids, tannins, phenol carboxylic acids, saponins, coumarins. The chemical composition of Bupleurum 

contains flavonoids ï quercetin, kaempferol, giperozid, rutin. The authors have studied the element structure 

of Bupleurum, growing in the Baikal region, by mass-spectrometric method. The authors have identified nine 

macroelements and sixty-three microelements and ultramicroelements. Bupleurum contains important ele-

ments for the functioning of human body. Potassium, calcium, magnesium, phosphorus, and sulfur prevail 

among macrocells. Such micronutrients as iron, manganese, zinc, selenium, copper, important for mainte-

nance of the organism, have also been found in Bupleurum rotundifolium. On the maintenance of toxic ele-

ments the studied samples of raw materials of Bupleurum correspond to the maximum allowable concentra-

tions specified in the State Pharmacopoeia XIII. 

Key words: Bupleurum scorzonerifolium, macroelement, microelement, mass-spectrometry method, 

medicinal herbs, Apiaceae. 

 

ʄʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʙʦʛʦ ʦʨʛʘʥʠʟʤʘ. 

ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʨʷʜʘ ʬʝʨʤʝʥʪʦʚ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʨʝʘʢʮʠʷʭ, ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʛʝʤʦʧʦʵʟʘ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʜʣʷ ʤʝʪʘʙʦʣʠʟʤʘ ʙʝʣʢʦʚ, ʫʛʣʝʚʦʜʦʚ, ʭʦʣʝʩʪʝʨʠʥʘ, ʬʦʩʬʦʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʦʩʪʥʦʡ ʪʢʘʥʠ [2]. ʅʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʣʝʤʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʷ ʥʝʨʚʥʦʡ, ʵʥʜʦʢʨʠʥʥʦʡ, ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤ. ʇʨʠ ʜʠʩʙʘʣʘʥʩʝ ʚ ʦʨʛʘ-

ʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʣʦʛʠʠ [3]. 
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ɺ ʨʘʩʪʝʥʠʷʭ ʦʙʥʘʨʫʞʝʥʦ ʩʚʳʰʝ 80 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪ ʥʘ ʤʘʢʨʦ- 

ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ. ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʵʣʝʤʝʥʪʘ ʚ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʘ [1]. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʧʠʱʝʚʳʝ ʠ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʝ ʨʘʩʪʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʳʨʴʝʚʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʩʪʨʝ-

ʙʦʚʘʥʥʳʤ, ʪʘʢ ʢʘʢ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʨʘʩʪʝʥʠʷ, ʦʢʘʟʳ-

ʚʘʶʪ ʥʝʤʘʣʦʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʫʤʤʘʨʥʳʭ ʠʟʚʣʝʯʝ-

ʥʠʡ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʥʠʭ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ (Bupleurum 

scorzonerifolium Willd.) ʩʝʤʝʡʩʪʚʘ ʟʦʥʪʠʯʥʳʭ (Apiaceae) ʢʘʢ ʠʩʪʦʯʥʠʢ ʵʩʩʝʥʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥ-

ʪʦʚ. ʕʪʦ ʤʥʦʛʦʣʝʪʥʝʝ ʪʨʘʚʷʥʠʩʪʦʝ ʨʘʩʪʝʥʠʝ 20-60 ʩʤ ʚʳʩʦʪʦʡ, ʩʪʝʙʣʠ ʧʨʷʤʦʩʪʦʷʯʠʝ, ʦʜʠʥʦʯ-

ʥʳʝ ʠʣʠ ʥʝʩʢʦʣʴʢʦ. ʇʨʠʢʦʨʥʝʚʳʝ ʣʠʩʪʴʷ ʠ ʥʠʞʥʠʝ ʩʪʝʙʣʝʚʳʝ ʣʠʥʝʡʥʦ-ʣʘʥʮʝʪʦʚʠʜʥʳʝ ʜʣʠʥʦʡ 

3-15 ʩʤ, ʰʠʨʠʥʦʡ 2-6 ʤʤ, ʩʫʞʝʥʥr ʝ ʢ ʦʙʦʠʤ ʢʦʥʮʘʤ. ʎʚʝʪʢʠ ʤʝʣʢʠʝ, ʩ ʞʝʣʪʳʤ ʚʝʥʯʠʢʦʤ, ʩʦ-

ʙʨʘʥʳ ʚ ʩʦʮʚʝʪʠʷ ʟʦʥʪʠʢʠ, ʦʙʨʘʟʫʶʱʠʝ ʨʳʭʣʦʝ ʤʝʪʝʣʴʯʘʪʦʝ ʩʦʮʚʝʪʠʝ. ʇʣʦʜʳ ï ʩʪʨʫʯʢʠ ʨʘʟ-

ʤʝʨʦʤ 2-2,5 ʤʤ ʧʨʦʜʦʣʛʦʚʘʪʦ-ʷʡʮʝʚʠʜʥʳʝ, ʩ ʪʫʧʳʤʠ ʢʦʨʦʪʢʠʤʠ ʨʝʙʨʘʤʠ [5]. 

ɺʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ɸʣʪʘʝ, ʚ ʊʫʚʝ, ʎʝʥʪʨʘʣʴʥʦʡ ʉʠʙʠʨʠ, ʥʘ 

ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ. ɺʩʪʨʝʯʘʝʪʩʷ ʚ ʣʫʛʦʚʳʭ ʩʪʝʧʷʭ, ʩʫʭʦʜʦʣʴʥʳʭ ʣʫʛʘʭ, ʚ ʨʘʟʥʦʪʨʘʚʥʳʭ ʣʝʩʘʭ, 

ʧʦ ʚʳʨʫʙʢʘʤ ʠ ʦʧʫʰʢʘʤ, ʧʦ ʶʞʥʳʤ ʢʘʤʝʥʠʩʪʳʤ ʩʢʣʦʥʘʤ. 

ɺ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʚʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠ-

ʪʝʣʴʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʧʝʯʝʥʠ. ʅʘʨʫʞʥʦ ʥʘʩʪʦʡ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ 

ʪʨʘʚʳ ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʟʘʙʦʣʝʚʘʥʠʷʭ ʛʣʘʟ, ʟʫʜʷʱʠʭ ʠ ʛʥʦʡʥʠʯʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ ʢʦʞʠ [6].  

ɺʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ ʩʦʜʝʨʞʠʪ ʢʦʤʧʣʝʢʩ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʪʘʢʠʭ 

ʢʘʢ ʬʣʘʚʦʥʦʠʜʳ, ʜʫʙʠʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʬʝʥʦʣʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʩʘʧʦʥʠʥʳ, ʢʫʤʘʨʠʥʳ. ɺ ʭʠ-

ʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ʇʨʠʙʘʡʢʘʣʴʝ, ʩʦʜʝʨʞʘʪʩʷ 

ʬʣʘʚʦʥʦʠʜʳ ï ʢʚʝʨʮʝʪʠʥ, ʢʝʤʧʬʝʨʦʣ, ʛʠʧʝʨʦʟʠʜ, ʨʫʪʠʥ [4]. 

 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʦʚʝʩʪʠ ʠʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʦʚ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪ-

ʥʦʡ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ʇʨʠʙʘʡʢʘʣʴʝ. 

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʆʙʨʘʟʮʳ ʩʳʨʴʷ ʜʣʷ ʘʥʘʣʠʟʘ ʟʘʛʦʪʘʚʣʠʚʘʣʠ ʚ ʧʝʨʠʦʜ ʮʚʝʪʝʥʠʷ ʨʘʩʪʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʋʩʪʴ-ʆʨʜʳʥʩʢʦʛʦ ɹʫʨʷʪʩʢʦʛʦ ʦʢʨʫʛʘ ʚ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 2015 ʛ., ʩʳʨʴʝ ʩʫʰʠʣʠ ʚʦʟʜʫʰʥʦ-

ʪʝʥʝʚʳʤ ʩʧʦʩʦʙʦʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʚʦʜʠʣʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠ ʤʝʪʦʜʦʤ ʤʦʢʨʦʛʦ ʦʟʦʣʝʥʠʷ ʩ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʧʝʨʝʢʠ-

ʩʴʶ ʚʦʜʦʨʦʜʘ. ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʝʥʥʳʝ ʦʜʥʦʨʘʟʦʚʳʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʧʨʦʙʠʨʢʠ ʩ ʟʘ-

ʢʨʫʯʠʚʘʶʱʝʡʩʷ ʢʨʳʰʢʦʡ (Axygen, 15 ʤʣ) ʦʪʚʝʰʠʚʘʣʠ 50 ʤʛ ʚʦʟʜʫʰʥʦ-ʩʫʭʠʭ ʦʙʨʘʟʮʦʚ ʨʘʩʪʠ-

ʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʙʘʚʣʷʣʠ 1 ʤʣ 72%-ʥʦʡ HNO3, ʜʚʘʞʜʳ ʦʯʠʱʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʩʫʙʙʦʡ-

ʣʠʥʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʧʝʨʝʛʦʥʢʠ ʢʠʩʣʦʪ (Savillex DST-1000 sub-boiling distillation system, ʗʧʦ-

ʥʠʷ). ʇʨʦʙʠʨʢʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʫʶ (70-90 Áʉ) ʚʘʥʥʫ (BANDELIN 

SONOREX RK 100, BANDELIN Electronic, ɻʝʨʤʘʥʠʷ, ʛ. ɹʝʨʣʠʥ) ʥʘ 30 ʤʠʥ. ɿʘʪʝʤ ʚ ʧʨʦʙʠʨʢʠ 

ʜʦʙʘʚʠʣʠ ʧʦ 0,4 ʤʣ 30%-ʥʦʡ H2O2 (ʆʉʏ 8-4, ɿɸʆ çʈʝʘʢʪʠʚè, ʈʦʩʩʠʷ, ʉ.-ʇʝʪʝʨʙʫʨʛ) ʠ ʧʦʤʝ-

ʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (70-90 Áʉ, 30 ʤʠʥ). ʇʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ 

ʦʙʝ̡ʤ ʧʨʦʙʠʨʦʢ ʜʦʚʦʜʠʣʠ ʜʦ 15 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ ʧʦʤʝʱʘʣʠ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ 

ʚʘʥʥʫ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ (70-90 Áʉ, 30 ʤʠʥ). ʇʨʦʙʠʨʢʠ ʦʩʪʘʚʣʷʣʠ ʥʘ 12 ʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʘ ʟʘʪʝʤ ʚʟʚʝʰʠʚʘʣʠ. ʈʘʩʯʝʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ HNO3 ʚ ʨʘʩʪʚʦʨʘʭ ʩʦʩʪʘʚʠʣʦ ~ 2%, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʙʘʚʣʝʥʠʷ ~ 300.  

ʇʦʣʫʯʝʥʥʳʝ ʨʘʩʪʚʦʨʳ ʨʘʟʣʦʞʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʧʝʨʝʥʦʩʠʣʠ ʚ 2 ʤʣ ʮʝʥʪʨʠʬʫ-

ʞʥʳʝ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʧʨʦʙʠʨʢʠ Axygen MCT-200-C (Axigen Scientific, Union City, 

California, ʉʐɸ) ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʥʘ ʮʝʥʪʨʠʬʫʛʝ Mini Spin (Eppendorf AG 22331 

Hambuurg, ɻʝʨʤʘʥʠʷ) 10 ʤʠʥ ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 13 400 ʦʙ./ʤʠʥ. ʉʫʧʝʨʥʘʪʘʥʪʳ ʚ 
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ʢʦʣʠʯʝʩʪʚʝ 1,8 ʤʣ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʥʦʩʠʣʠ ʚ ʜʨʫʛʠʝ ʮʝʥʪʨʠʬʫʞʥʳʝ ʧʨʦʙʠʨʢʠ ʠ ʜʦʙʘʚ-

ʣʷʣʠ 40 ʤʢʣ ʨʘʙʦʯʝʛʦ ʨʘʩʪʚʦʨʘ ʠʥʜʠʷ (In = 477, 65 ppb, ʧʨʠʛʦʪʦʚʣʝʥ ʠʟ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʩʪʚʦʨʘ 

In = 989 ppm, Fluka Analytical, Sigma-Aldrich, ʐʚʝʡʮʘʨʠʷ) ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ In (~ 10 ppb). ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʛʦʪʦʚʠʣʠ ʭʦʣʦʩʪʫʶ ʧʨʦʙʫ. 

ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʦʧʝʨʘʮʠʠ ʚʟʚʝʰʠʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ Mettler 

Toledo AG104 (ʧʦʛʨʝʰʥʦʩʪʴ ʚʟʚʝʰʠʚʘʥʠʷ Ñ 0,0003 ʛ). 

ɺʩʝ ʵʪʘʧʳ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ, ʯʠʩʣʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʨʘʩʯʝʪʦʚ (ʤʘʩʩʳ ʨʘʩʪʚʦʨʦʚ, ʨʘʟʙʘʚʣʝʥʠʝ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʨ.), 

ʚʳʧʦʣʥʷʣʠʩʴ ʚʝʩʦʚʳʤ ʤʝʪʦʜʦʤ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ Mettler Toledo AG104. 

ɸʥʘʣʠʟʠʨʫʝʤʳʝ ʨʘʩʪʚʦʨʳ ʠʟʤʝʨʷʣʠ ʥʘ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ICP-MS ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Ag-

ilent 7500 ce. ʉʠʩʪʝʤʘ ʚʚʦʜʘ ʧʨʦʙ: ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʡ ʢʚʘʨʮʝʚʳʡ ʨʘʩʧʳʣʠʪʝʣʴ (400 ʤʢʣ/ʤʠʥ, ʨʝ-

ʞʠʤ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʦʚ - ʩʘʤʦʨʘʩʧʳʣʝʥʠʝ), ʢʚʘʨʮʝʚʘʷ ʨʘʩʧʳʣʠʪʝʣʴʥʘʷ ʢʘʤʝʨʘ ʉʢʦʪʪʘ, ʢʚʘʨʮʝ-

ʚʘʷ ʛʦʨʝʣʢʘ ʩ ʩʠʩʪʝʤʦʡ ShieldTorch. 

ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʰʘʥʥʳʡ ʩʪʘʥʜʘʨʪ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʡ 

ʠʟ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʬʠʨʤʳ HIGH-PURITY STANDARDS (Charleston, 

USA) ICP-MS-68A-A (Al, As, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, 

Ho, In, K, La, Li, Lu, Mg, Mn, Na, Nd, Ni, P, Pb, Pr, Rb, Re, Sc,Se, Sm, Sr, Tb, Th, Tl, Tm, U, V, 

Y, Yb, Zn ï 9,88 ppb) ʠ ICP-MS-68A-B (Ag, Ge, Hf, Mo, Nb, Sb, Si, Sn, Ta, Te, Ti, W, Zr ï 9,91 

ppb), ʘ ʪʘʢʞʝ ʩʪʘʥʜʘʨʪʥʳʡ ʦʙʨʘʟʝʮ ʙʘʡʢʘʣʴʩʢʦʡ ʙʫʪʳʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ (Na, Mg, Si, S, Cl, K, 

Ca, Suturin et al., 2003). ɸʥʘʣʠʟ ʧʨʦʙ ʧʨʦʚʦʜʠʣʩʷ ʚ 5 ʧʦʚʪʦʨʥʦʩʪʷʭ [7]. 

ʇʨʦʚʦʜʠʣʘʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩ ʨʘʩʯʝʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʰʠʙʢʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ (RSD, %). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝ-

ʣʝʮʝʣʠʩʪʥʦʡ ʦʙʥʘʨʫʞʝʥʦ 72 ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʘ.  
ʊʘʙʣʠʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʤʘʢʨʦ-, ʤʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʦʚ  

ʚ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ 

 

ʕʣʝʤʝʥʪ 
ʇʨʝʜʝʣ ʦʙʥʘʨʫ-

ʞʝʥʠʷ, ʤʢʛ/ʢʛ 

ʉʦʜʝʨʞʘʥʠʝ, 

ʤʢʛ/ʢʛ 
ʕʣʝʤʝʥʪ 

ʇʨʝʜʝʣ ʦʙʥʘʨʫ-

ʞʝʥʠʷ, ʤʢʛ/ʢʛ 

ʉʦʜʝʨʞʘʥʠʝ, 

ʤʢʛ/ʢʛ 

ʄʘʢʨʦʵʣʝʤʝʥʪʳ 

ʅʘʪʨʠʡ (Na)  300,00 36000,00 ʉʝʨʘ (S) 600000,00 2500000,00 

ʄʘʛʥʠʡ (Mg) 400,00 3100000,00 ʍʣʦʨ (Cl) 6000,00 1840000,00 

ɸʣʶʤʠʥʠʡ (Al)  200,00 49000,00 ʂʘʣʠʡ (K) 400,00 >8100000,00 

ʂʨʝʤʥʠʡ (Si) 8000,00 190000,00 ʂʘʣʴʮʠʡ (Ca) 6000,00 9700000,00 

ʌʦʩʬʦʨ (P) 40000,00 2800000,00    

ʄʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʨʦʵʣʝʤʝʥʪʳ 

ʃʠʪʠʡ (Li) 0,60 150,00 ʁʦʜ (I) 30,00 182,00 

ɹʝʨʠʣʣʠʡ (Be) 0,40 3,30 ʎʝʟʠʡ (Cs) 0,05 6,80 

ɹʦʨ (B) 50,00 24000,00 ɹʘʨʠʡ (Ba) 10,00 34000,00 

ʉʢʘʥʜʠʡ (Sc) 5,00 290,00 ʃʘʥʪʘʥ (La) 0,20 96,00 

ʊʠʪʘʥ (Ti) 20,00 1580,00 ʎʝʨʠʡ (Ce) 0,10 165,00 

ɺʘʥʘʜʠʡ (V) 2,00 133,00 ʇʨʘʟʝʦʜʠʤ (Pr) 0,04 21,00 

ʍʨʦʤ (Cr) 30,00 240,00 ʅʝʦʜʠʤ (Nd) 0,30 76,00 

ʄʘʨʛʘʥʝʮ (Mn) 8,00 73000,00 ʉʘʤʘʨʠʡ (Sm) 0,10 14,00 

ɾʝʣʝʟʦ (Fe) 1000,00 103000,00 ɽʚʨʦʧʠʡ (Eu) 0,06 5,90 

ʂʦʙʘʣʴʪ (Co) 2,00 370,00 ɻʘʜʦʣʠʥʠʡ (Gd) 0,06 27,00 

ʅʠʢʝʣʴ (Ni) 8,00 4200,00 ʊʝʨʙʠʡ (Tb) 0,02 2,10 

ʄʝʜʴ (Cu) 100,00 5900,00 ɼʠʩʧʨʦʟʠʡ (Dy) 0,07 10,00 

ʎʠʥʢ (Zn) 100,00 21000,00 ɻʦʣʴʤʠʡ (Ho) 0,05 1,60 

ɻʘʣʣʠʡ (Ga) 0,20 38,00 ʕʨʙʠʡ (Er) 0,08 4,50 

ɻʝʨʤʘʥʠʡ (Ge) 0,50 2,70 ʊʫʣʠʡ (Tm) 0,03 0,56 

ʄʳʰʴʷʢ (As) 0,90 32,00 ʀʪʪʝʨʙʠʡ (Yb) 0,06 3,10 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 

 
ʉʝʣʝʥ (Se) 20,00 70,00 ʃʶʪʝʮʠʡ (Lu) 0,03 0,50 

ɹʨʦʤ (Br) 200,00 4500,00 ɻʘʬʥʠʡ (Hf) 0,09 4,20 

ʈʫʙʠʜʠʡ (Rb) 0,40 6300,00 ʊʘʥʪʘʣ (Ta) 0,07 1,00 

ʉʪʨʦʥʮʠʡ (Sr) 30,00 44000,00 ɺʦʣʴʬʨʘʤ (W) 0,40 5,90 

ʀʪʪʨʠʡ (Y) 0,06 53,00 ʈʝʥʠʡ (Re) 0,07 0,12 

ʎʠʨʢʦʥʠʡ (Zr) 0,30 91,00 ʆʩʤʠʡ (Os) 0,09 0̓,09 

ʅʠʦʙʠʡ (Nb) 0,04 3,40 ʀʨʠʜʠʡ (Ir) 0,06 0,08 

ʄʦʣʠʙʜʝʥ (Mo) 1,00 450,00 ʇʣʘʪʠʥʘ (Pt) 0,20 0̓,20 

ʈʫʪʝʥʠʡ (Ru) 0,20 0̓,20 ɿʦʣʦʪʦ (Au) 0,10 1,40 

ʈʦʜʠʡ (Rh) 0,05 3,10 ʈʪʫʪʴ (Hg) 1,00 4,40 

ʇʘʣʣʘʜʠʡ (Pd) 0,50 3,70 ʊʘʣʣʠʡ (Tl) 0,05 2,00 

ʉʝʨʝʙʨʦ (Ag) 0,40 3,50 ʉʚʠʥʝʮ (Pb) 5,00 183,00 

ʂʘʜʤʠʡ (Cd) 0,30 8,00 ɺʠʩʤʫʪ (Bi) 0,08 36,00 

ʆʣʦʚʦ (Sn) 0,50 15,00 ʊʦʨʠʡ (Th) 0,09 11,50 

ʉʫʨʴʤʘ (Sb) 3,00 6,60 ʋʨʘʥ (U) 0,20 2,40 

ʊʝʣʣʫʨ (Te) 2,00 2̓,00    

 

ʇʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʘʢʨʦʵʣʝʤʝʥʪʳ ʚ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝ-

ʣʝʮʝʣʠʩʪʥʦʡ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʩʣʝʜʫʶʱʠʡ ʨʷʜ: K > Ca > Mg > P > S  >  Cl > Si >Al >Na.  

ʄʠʢʨʦ- ʠ ʫʣʴʪʨʘʤʠʢʦʵʣʝʤʝʥʪʳ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʠ ʧʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ï ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʙʦʣʝʝ 100000 ʤʢʛ/ʢʛ: Fe; 

ï ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ 10000 ʜʦ 100000 ʤʢʛ/ʢʛ: Mn > Sr > Ba > B > Zn; 

ï ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ 1000 ʜʦ 10000 ʤʢʛ/ʢʛ: Rb > Cu > Br > Ni >  Ti; 

ï ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ 100 ʜʦ 500 ʤʢʛ/ʢʛ: Mo > Co > Sc > Cr > Pb > I > Ce > Li 

> V; 

ï  ʩʦʜʝʨʞʘʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʪ 100 ʜʦ 1 ʤʢʛ/ʢʛ: ι La ι Zr ι Nd ι Se ι Y ι Bi ι Ga ι As 

ι Gd ι Pr ι Sn ι Sm ι Th ι Dy ι Cd ι Cs ι Sb ι Eu ι W ι Er ι Hg ι Hf ι Pd ι Ag ι Nb ι Be ι 

Rh ι Yb ι Ge ι U ι Tb ι Tl ι Ho ι Au ι Ta. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʦʢʩʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʩʳʨʴʷ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝ-

ʣʠʩʪʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʇɼʂ, ʫʢʘʟʘʥʥʳʤ ʚ ɻʌ XIII: ʩʚʠʥʮʘ - ʥʝ ʙʦʣʝʝ 6,0 ʤʛ/ʢʛ (ʥʘʡʜʝʥʦ 

0,183 ʤʛ/ʢʛ), ʤʳʰʴʷʢʘ - ʥʝ ʙʦʣʝʝ 0,5 ʤʛ/ʢʛ (ʥʘʡʜʝʥʦ 0,032 ʤʛ/ʢʛ), ʢʘʜʤʠʷ - ʥʝ ʙʦʣʝʝ 1,0 ʤʛ/ʢʛ 

(ʥʘʡʜʝʥʦ 0,0003 ʤʛ/ʢʛ), ʨʪʫʪʠ - ʥʝ ʙʦʣʝʝ 0,1 ʤʛ/ʢʛ (ʥʘʡʜʝʥʦ 0,0044 ʤʛ/ʢʛ). 

ɺʦʣʦʜʫʰʢʘ ʢʦʟʝʣʝʮʝʣʠʩʪʥʘʷ ʩʦʜʝʨʞʠʪ ʚʘʞʥʳʝ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ ʤʘʢʨʦ-

ʵʣʝʤʝʥʪʳ. ʂʘʣʴʮʠʡ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʩʪʥʦʡ ʪʢʘʥʠ, ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʣʝʪʦʢ 

ʚʩʝʭ ʚʠʜʦʚ ʪʢʘʥʝʡ, ʫʢʨʝʧʣʷʝʪ ʟʘʱʠʪʥʳʝ ʩʠʣʳ ʦʨʛʘʥʠʟʤʘ ʠ ʧʦʚʳʰʘʝʪ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰ-

ʥʠʤ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ ʠʥʬʝʢʮʠʷʤ. ʄʘʛʥʠʡ ʫʯʘʩʪʚʫʝʪ ʚ ʬʝʨʤʝʥʪʘ-

ʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʦʨʤʘʣʠʟʫʝʪ ʚʦʟʙʫʜʠʤʦʩʪʴ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʝʪ ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʠʤ 

ʠ ʩʦʩʫʜʦʨʘʩʰʠʨʷʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʝʨʠʩʪʘʣʴ-

ʪʠʢʫ ʢʠʰʝʯʥʠʢʘ ʠ ʧʦʚʳʰʘʪʴ ʚʳʜʝʣʝʥʠʝ ʞʝʣʯʠ. ʄʝʜʴ ʚʣʠʷʝʪ ʥʘ ʨʦʩʪ ʠ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʤʘ, 

ʫʯʘʩʪʚʫʝʪ ʚ ʪʢʘʥʝʚʦʤ ʜʳʭʘʥʠʠ ʠ ʢʨʦʚʝʪʚʦʨʝʥʠʠ, ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʠ ʚʠʪʘʤʠʥʦʚ. ʇʦ-

ʪʨʝʙʥʦʩʪʴ ʚ ʤʝʜʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʘʥʝʤʠʠ, ʣʝʡʢʦʟʝ, ʮʠʨʨʦʟʝ ʧʝʯʝʥʠ, 

ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ. ʉʝʣʝʥ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʙʤʝʥʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʘʤʠʥʦʢʠʩ-

ʣʦʪ ʠ ʟʘʱʠʱʘʝʪ ʢʣʝʪʢʠ ʦʪ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ [2, 3]. 

 

ɺʳʚʦʜʳ 
ɺ ʥʘʜʟʝʤʥʳʭ ʦʨʛʘʥʘʭ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ ʩʦʜʝʨʞʘʪʩʷ ʚʘʞʥʝʡʰʠʝ ʤʘʢʨʦ- ʠ ʤʠʢ-

ʨʦʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ. ʅʘʜʟʝʤ-

ʥʳʝ ʦʨʛʘʥʳ ʚʦʣʦʜʫʰʢʠ ʢʦʟʝʣʝʮʝʣʠʩʪʥʦʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʠʩ-

ʪʦʯʥʠʢʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɹʀʆɸʂʊʀɺʅʓʍ ʇʈʀʈʆɼʅʓʍ ʉʈɽɼ  

ʅɸ ʉɺʆʁʉʊɺɸ ʉʓʈʔʗ ɾʀɺʆʊʅʆɻʆ ʇʈʆʀʉʍʆɾɼɽʅʀʗ 
 

ʇʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʪʝʥʜʝʨʠʟʘʮʠʠ ʢʦʥʠʥʳ ʧʨʠʨʦʜʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ. ɼʦʢʘ-

ʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʤʦʣʦʯʥʦʡ ʩʳ-

ʚʦʨʦʪʢʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʣʘʛʦʩʚʷʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʚʦʣʦʢʦʥ ʢʦ-

ʥʠʥʳ ʠ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʞʝʩʪʢʦʩʪʠ ʤʷʩʘ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʧʦʢʘʟʘʪʝʣʴ ʫʩʠʣʠʷ ʩʨʝʟʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʳʭ 

ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʥʜʝʨʠʟʘʮʠʷ ʤʷʩʥʦʛʦ ʩʳʨʴʷ (ʢʦʥʠʥʳ) ʢʦʤʧʦʟʠʮʠʝʡ ʠʟ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ 

ʩʳʚʦʨʦʪʢʠ ʪʚʦʨʦʞʥʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʚ ʪʝʯʝʥʠʝ 6 ʯ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʥʜʝʨʠʟʘʮʠʷ, ʢʦʥʠʥʘ, ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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THE STUDY OF BIOACTIVE ENVIRONMENT INFLUENCE  

ON PROPERTIES OF RAW MATERIALS OF ANIMAL ORIGIN  

 
The work provides the method of horsemeat tenderizing by natural sources of organic acids. It proves 

the possibility of biotechnological capacity of sea-buckthorn juice and whey for improvement of meat func-

tional and technological properties and its structural and mechanical characteristics. The optimal conditions 

for the formation of structural and mechanical characteristics are experimentally determined. The moisture 

connecting ability, extent of horsemeat fibersô swelling and its functional and technological properties are 

investigated in the research. The indicator of the cut effort is used to assess the degree of meat rigidity. The 

studies have proved the possibility to use food acids in sea buckthorn juice and whey to improve the functional 

and technological properties and the structural and mechanical properties of raw materials of animal origin. 

It has been established that the tenderization of horsemeat raw materials by sea-buckthorn juice and curd 

whey in the ratio 2:1 within 6 hours is optimum. 

Key words: tenderizing, horsemeat, structural and mechanical properties. 

 

ɺʚʝʜʝʥʠʝ 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʮʝʣʴʥʦʤʳʰʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʤʝʥʷʶʪ ʤʝʭʘʥʠʯʝ-

ʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʤʷʩʥʦʛʦ ʩʳʨʴʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʝʩʪʨʫʢʪʫ-

ʨʠʨʦʚʘʥʥʳʭ ʠʟʜʝʣʠʡ. ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʷʩʘ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʘʩʩʠʨʦʚʘʥʠʝ, ʪʫʤʙʣʠʨʦʚʘʥʠʝ ʠ ʪʝʥʜʝʨʠʟʘʮʠʷ. ʄʘʩ-

ʩʠʨʦʚʘʥʠʝ ï ʚʠʜ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʦʫʜʘʨʝʥʠʠ ʢʫʩʢʦʚ 

ʤʷʩʘ ʜʨʫʛ ʦ ʜʨʫʛʘ ʠ ʦ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʘʧʧʘʨʘʪʘ. ʊʫʤʙʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʭʘ-

ʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʤʷʩʘ ʚ ʨʦʪʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ. ʊʝʥʜʝʨʠʟʘʮʠ,̫ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʫʩʤʘʪ-
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ʨʠʚʘʝʪ ʥʘʢʘʣʳʚʘʥʠʝ ʠʣʠ ʦʪʙʠʚʘʥʠʝ ʩʳʨʴʷ. ʇʨʠ ʵʪʦʤ ʚ ʤʷʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʮʝʣʴʶ ʫʣʫʯ-

ʰʝʥʠʷ ʢʦʥʩʠʩʪʝʥʮʠʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʨʫʙʳʝ ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʪʝʥʜʝʨʠʟʘʮʠʠ. ɸʢʪʫʘʣʴʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢ-

ʪʫʨʫ ʤʷʩʥʦʛʦ ʩʳʨʴʷ. ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʤʦʛʘʶʪ ʠʩʢʣʶʯʠʪʴ 

ʠʣʠ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʠ ʵʥʝʨʛʦʝʤʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚ ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʠʱʝʚʳʭ ʢʠʩʣʦʪ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʥʘʪʠʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʬʠʙʨʠʣʣʷʨʥʳʭ ʙʝʣʢʦʚ ʤʷʩʘ [2, 4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʪʝʥʜʝʨʠʟʘʮʠʠ ʩʳʨʴʷ 

ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʱʝʚʳʭ ʢʠʩʣʦʪ ï ʦʙʣʝ-

ʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʩʳʚʦʨʦʪʢʠ ʪʚʦʨʦʞʥʦʡ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʪʝʥʜʝʨʠʟʘʮʠʠ ʤʷʩʘ ʜʦ-

ʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʯʝʪʘʥʥʦʤ ʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʪʚʦʨʦʞʥʦʡ 

ʩʳʚʦʨʦʪʢʠ, ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʣʘ ʠʥʪʝʨʝʩ ʦʮʝʥʢʘ ʩʪʝʧʝʥʠ ʞʝʩʪʢʦʩʪʠ ʤʷʩʘ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴ-

ʟʦʚʘʣʠ ʧʦʢʘʟʘʪʝʣʴ ʫʩʠʣʠʷ ʩʨʝʟʘ. ʇʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ 

ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʷʪ ʦʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʙʝʣʢʦʚ ʚ ʤʷʩʝ ʠ ʩʪʘʜʠʡ 

ʘʚʪʦʣʠʟʘ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ [1, 3]. 

ɼʣʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʩʳ-

ʚʦʨʦʪʢʠ: 1:1, 1:2, 1:3, 2:1; 3:1. ʆʙʨʘʟʮʳ ʤʷʩʘ ʤʘʩʩʦʡ 10-15 ʛ ʚʳʜʝʨʞʠʚʘʣʠ ʚ 100 ʤʣ ʩʤʝʩʠ ʚ 

ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 18-20̄ʉ ʚ ʪʝʯʝʥʠʝ 3, 6 ʠ 24 ʯ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠ ̫ʨʅ 

ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʘʚʣʷʣʠ 3,25; 3,7; 3,84; 3, 19 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʏʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʦ-

ʙʨʘʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʫʩʠʣʠʝ ʩʨʝʟʘ (ʋʉ) ʠ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ (ʉʅ) ʤʷʩʘ 

ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʩʧʝʢʪʝ ʩ ʦʙʨʘʟʮʘʤʠ ʤʷʩʘ, ʚʳʜʝʨʞʘʥʥʳʤʠ ʦʪʜʝʣʴʥʦ ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʚ 

ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʠʟʫʯʘʣʠ ʚʣʘʛʦʩʚʷʟʳʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ (ɺʉʉ) ʦʙʨʘʟʮʦʚ 

ʤʷʩʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʉʅ ʠ ɺʉʉ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1, 2 ʠ 3. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʤʷʩʘ ʢʦʥʠʥʳ ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ 
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ʈʠʩʫʥʦʢ 2 ï ɺʉʉ ʢʦʥʠʥʳ ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ 

 

 

 
ʈʠʩʫʥʦʢ 3 ï ʌʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʠʥʳ  

ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʨʠʩʫʥʢʦʚ 1, 2 ʠ 3, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʥʘʙʫʭʘʥʠʷ ʧʨʠ ʥʘʠʤʝʥʴ-

ʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʩʠʣʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʫ ʦʙʨʘʟʮʦʚ ʤʷʩʘ, ʚʳʜʝʨʞʘʥʥʳʭ ʚ ʩʤʝʩʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ 

ʠ ʩʳʚʦʨʦʪʢʠ ʪʚʦʨʦʞʥʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1, ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʝʨʚʳʝ 6 ʯ ʚʳʜʝʨʞʢʠ. ʇʨʠ ʚʳʙʦʨʝ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʪʝʥʜʝʨʠʟʘʮʠʠ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʥʘʙʫʭʘʥʠʷ ʤʷʩʘ ʤʦʞʝʪ ʧʨʠ 

ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʠʚʝʩʪʠ ʢ ʥʝʞʝʣʘʪʝʣʴʥʦʤʫ ʨʘʟʚʦʣʦʢʥʝʥʠʶ. 

ɺʣʘʛʦʩʚʷʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʤʘʢʩʠʤʘʣʴʥʘ ʯʝʨʝʟ 6 ʯ, ʧʦʩʣʝ ʯʝʛʦ ʩʥʠ-

ʞʘʝʪʩʷ, ʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʠʙʦʣʴʰʝʡ ʚʣʘʛʦʩʚʷʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʦʙʨʘʟʮʳ, 
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ʚʳʜʝʨʞʘʥʥʳʝ ʚ ʩʳʚʦʨʦʪʢʝ, ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʚ ʩʤʝʩʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʩʳʚʦʨʦʪʢʠ ʚ ʩʦ-

ʦʪʥʦʰʝʥʠʠ 2:1 ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʪʝʥʜʝʨʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʮʝʩʩʝ ʪʝʥʜʝʨʠʟʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠ-

ʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʜʦʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

ï ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʪʚʦʨʦʞʥʦʡ ʩʳʚʦʨʦʪʢʠ 2:1; 

ï ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 6 ʯ; 

ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʜʝʨʞʢʠ 18-20ęʉ.  

ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʩʣʝʛʢʘ ʢʠʩʣʳʡ ʚʢʫʩ ʤʷʩʘ, ʚʳʜʝʨʞʘʥʥʦʛʦ ʚ ʪʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʷʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʛʠʩʪʦ-

ʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʧʦʣʥʦʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠ-

ʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʠʱʝʚʳʭ ʢʠʩʣʦʪ ï ʩʤʝʩʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʩʳʚʦʨʦʪʢʠ ʪʚʦʨʦʞʥʦʡ ʚ ʩʦ-

ʦʪʥʦʰʝʥʠʠ 2:1 ï ʥʘ ʤʳʰʝʯʥʳʝ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʚʦʣʦʢʥʘ ʢʦʥʠʥʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʛʠʩʪʦʣʦ-

ʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʝʥʜʝʨʠʟʘʮʠʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʠʟʚʦʜʠʣʠ ʦʪʙʦʨ ʧʨʦʙ ʩ ʠʥʪʝʨʚʘʣʦʤ 3 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʳʜʝʨʞʢʠ ʤʷʩʘ ʚ ʩʤʝʩʠ. 

ʏʝʨʝʟ 6 ʯ (ʨʠʩ. 4), ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʤʳʰʝʯʥʦʡ ʤʘʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʫʚʝʣʠʯʝʥʠʷ ʠʟʦʙ-

ʨʘʞʝʥʠʷ ʚ 400 ʨʘʟ, ʫ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʟʤʳʚʘʥʠʝ ʛʨʘʥʠʮ ʤʳʰʝʯʥʳʭ ʚʦ-

ʣʦʢʦʥ, ʘ ʪʘʢʞʝ ʥʘʙʫʭʘʥʠʝ ʠʭ ʷʜʝʨ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʣʦʩʴ ʩʫʞʝʥʠʝ ʫʯʘʩʪʢʦʚ ʨʳʭʣʦʡ ʩʦʝʜʠ-

ʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. 

 
 

ʈʠʩʫʥʦʢ 4 ï ʄʳʰʝʯʥʘʷ ʪʢʘʥʴ ʧʦʩʣʝ 6 ʯ ʚʳʜʝʨʞʢʠ 

 

 
 

ʈʠʩʫʥʦʢ 5 ï ʄʳʰʝʯʥʘʷ ʪʢʘʥʴ ʧʦʩʣʝ 9 ʯ ʚʳʜʝʨʞʢʠ  
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ʏʝʨʝʟ 9 ʯ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʳʜʝʨʞʢʠ ʠʟʤʝʥʝʥʠʷ ʩʪʘʣʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ (ʨʠʩ. 5): ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʚʠʜʠʤʦʝ ʥʘʙʫʭʘʥʠʝ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ. ʉʦʝʜʠʥʠʪʝʣʴʥʦʪʢʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʣʦʪʥʦ 

ʧʨʠʤʢʥʫʣʠ ʢ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʢʘʢ ʙʳ ʨʘʩʪʚʦʨʠʚʰʠʩʴ ʚ ʦʙʱʝʡ ʤʘʩʩʝ, ʧʦʵʪʦʤʫ ʩʪʨʦʤʘ ʤʳʰʝʯ-

ʥʳʭ ʚʦʣʦʢʦʥ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʤʫʪʥʫʶ ʛʦʤʦʛʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʚʠʜʝ ʫʟʢʠʭ ʧʦʣʦʩʦʢ.  

 

ɺʳʚʦʜʳ 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʢʠʩʣʦʪ, ʩʦʜʝʨʞʘ-

ʱʠʭʩʷ ʚ ʦʙʣʝʧʠʭʦʚʦʤ ʩʦʢʝ ʠ ʩʳʚʦʨʦʪʢʝ ʪʚʦʨʦʞʥʦʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʷʩʘ ʧʨʦʠʩ-

ʭʦʜʷʪ ʧʨʠ ʝʛʦ ʪʝʥʜʝʨʠʟʘʮʠʠ ʢʦʤʧʦʟʠʮʠʝʡ ʠʟ ʦʙʣʝʧʠʭʦʚʦʛʦ ʩʦʢʘ ʠ ʩʳʚʦʨʦʪʢʠ ʪʚʦʨʦʞʥʦʡ ʚ ʩʦ-

ʦʪʥʦʰʝʥʠʠ 2:1 ʚ ʪʝʯʝʥʠʝ 6 ʯ. 
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ʉɺɽʊʆɼʀʆɼʅʆɻʆ ʉɺɽʊʀʃʔʅʀʂɸ RC-R251-001  

 
ɺʥʝʜʨʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʘʨʷʜʫ ʩ ʦʯʝʚʠʜʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʳʤʠ ʩʨʦʢʘʤʠ ʩʣʫʞʙʳ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʭ ʧʦʚʨʝʞʜʝʥʠʝʤ ʫʞʝ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘ-

ʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɼʦʣʷ ʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʦʭʦʜʠʪ ʜʦ 30%. ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʫʝʤʳʭ ʥʦʨʤ ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʥʘʧʨʷʞʝʥʠʷ, 

ʥʘʣʠʯʠʝ ʚʙʣʠʟʠ ʤʦʱʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ, ʩʦʟʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʦʚ 

ʚʳʩʰʠʭ ʛʘʨʤʦʥʠʢ. ʆʥʠ ʚʳʟʳʚʘʶʪ ʨʝʟʦʥʘʥʩ ʪʦʢʦʚ ʠʣʠ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʚʨʝʞʜʝʥʠʷʤ ʙʣʦʢʦʚ ʧʠʪʘʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʬʠʣʴʪʨʦʚ ʚʳʩʰʠʭ ʛʘʨʤʦ-

ʥʠʢ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʥʦʚʳʭ ʪʠʧʦʚ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʩʝʪʴʶ ʧʨʠ ʥʘʣʠʯʠʠ ʠʩʢʘʞʘʶʱʠʭ ʵʣʝʢʪʨʦʧʨʠʝʤʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ. ɺ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʝʪʠʣʴʥʠʢʦʚ RC-R251-001, ʦʧʨʝʜʝʣʝʥʳ 

ʧʨʠʯʠʥʳ ʠʭ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝ-

ʪʠʣʴʥʠʢʠ. 
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THE RESEARCH OF THE LED LAMP RC -R251-001 CHARACTERISTICS  

 
The implementation of LED lamps along with obvious advantages on energy efficiency and the long 

terms of service is followed by their damage on initial stage of operation. The share of their damages in some 

cases reaches 30%. As researches show, the main reasons are non-compliance with the required standards on 

a voltage deviation, existence near the powerful non-linear electroreceivers that are creating significant value 

of harmonic currents. They cause a current resonance or tensions that, in some cases, lead to damages of 

power supply of lamps' units, in particular of filtersô condensers. Therefore, the issue of electromagnetic com-

patibility of new lamps with the existing network in the presence of distorting electroreceivers is relevant. The 

results of researches of RC-R251-001 lamps are reflected in the article based on the executed measurements, 

the reasons of their defects are defined. 

Key words: system of electrical power supply, quality of the electric power, LED lamps. 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʠʣʴʥʠʢʘ RC-R251-001 

ɼʘʥʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʦʪʢʨʳʪʳʭ ʧʨʦʩʪʨʘʥʩʪʚ: ʤʘʛʠʩʪʨʘʣʝʡ, 

ʜʦʨʦʛ, ʫʣʠʮ, ʧʣʦʱʘʜʝʡ, ʧʘʨʢʦʚʦʢ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ - Revolight. ʄʦʜʝʣʠ ʩʝʨʠʠ RC-R ʷʚʣʷʶʪʩʷ 

ʵʢʦʣʦʛʠʯʥʳʤʠ ʫʣʠʯʥʳʤʠ ʢʦʥʩʦʣʴʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʚ ʠʩʧʦʣʥʝʥʠʠ IP 65 ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʢʦʨʧʫʩʦʤ. ʕʬʬʝʢʪʠʚʥʘʷ ʟʘʤʝʥʘ ɼʈʃ400 ɼʅʘʊ250. ʂʣʘʩʩ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ï ɸ. ʀʥʜʝʢʩ 

ʮʚʝʪʦʧʝʨʝʜʘʯʠ ï 80. ɺʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ï 140ï265 ɺ. ʏʘʩʪʦʪʘ 50Ñ10% ɻʮ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ 

ʙʣʦʢʘ ʧʠʪʘʥʠʷ ï ʀʨʙʠʩ. ʂʇɼ ʙʣʦʢʘ ʧʠʪʘʥʠʷ - 0,9. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 100%-ʥʦʡ ʤʦʱ-

ʥʦʩʪʠ ʨʘʚʥʘ 114 ʣʤ/ɺʪ. ʆʪʩʫʪʩʪʚʫʶʪ ʧʫʩʢʦʚʳʝ ʪʦʢʠ. ʀʤʝʝʪʩʷ ʚʥʝʰʥʠʡ ʙʦʢʩ ʜʣʷ ʟʘʤʝʥʳ ʠʩ-

ʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʨʝʤʦʥʪ ʥʘ ʤʝʩʪʝ [1]. 
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                                                                                                             ʊʘʙʣʠʮʘ 1 

ʀʟʤʝʨʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʚʝʪʠʣʴʥʠʢʘ RC-R251-001 

 
ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʠʝ 

ʅʘʧʨʷʞʝʥʠʝ, ɺ 178,6 

ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ, ɺʪ 115,83 

ʈʝʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ, ʚʘʨ -16,7 

ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ, ɺĀɸ 118,1 

cos 0,99 ה 

ʂʨ 0,98 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʠ, ɸ 0,658 

ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ɸ 0,661 

ɸʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ɸ 0,85 

ʂʨʝʩʪ-ʬʘʢʪʦʨ 1,29 

ʊʦʢ 3 ʛʘʨʤʦʥʠʢʠ, ɸ 0,074 

ʊʦʢ 3 ʛʘʨʤʦʥʠʢʠ, % 10,3 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʬʦʨʤʳ ʢʨʠʚʳʭ ʥʘʧʨʷʞʝʥʠʷ  

ʠ ʪʦʢʘ ʩʚʝʪʠʣʴʥʠʢʘ RC-R251-001 

 
                                                                                                                                      ʊʘʙʣʠʮʘ 2 

ɿʘʱʠʪʳ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ A220T100C120ʂ03 ʩʚʝʪʠʣʴʥʠʢʘ RC-R251-001 

 
ɿʘʱʠʪʘ ʦʪ ʢʦʨʦʪʢʦʛʦ ʟʘʤʳʢʘʥʠʷ ʥʘ ʚʳʭʦʜʝ1  ʝʩʪʴ; ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

ɿʘʱʠʪʘ ʦʪ ʭʦʣʦʩʪʦʛʦ ʭʦʜʘ ʥʘ ʚʳʭʦʜʝ  ʝʩʪʴ; ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ɿʘʱʠʪʘ ʦʪ ʧʨʝʚʳʰʝʥʠʷ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ2  ʝʩʪʴ; ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ3  ʝʩʪʴ; ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ  

ʇʨʠʤʝʯʘʥʠʷ: 

1 ï ʠʩʪʦʯʥʠʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʫʩʪʨʘʥʝʥʠʷ ʧʨʠʯʠʥʳ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʟʘʱʠʪʳ;  

2 ï ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʘ ʚʭʦʜʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʧʝʨʝʤʝʥ-

ʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 300 ʜʦ 380 ɺ (ʦʙʨʳʚ ʥʫʣʝʚʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʧʠʪʘʶʱʝʡ ʩʝʪʠ, ʧʝʨʝʢʦʩ 

ʬʘʟ), ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠ-

ʯʠʥʳ;  

3 ï ʪʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʩʨʘʙʘʪʳʚʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 86ï90Áʉ ʥʘ ʢʦʨʧʫʩʝ, ʜʘʣʝʝ ʥʘʯʠʥʘʝʪ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʧʫʩʘ ʟʘ ʩʯʝʪ ʧʣʘʚʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʭʦʜʥʦʛʦ ʪʦʢʘ. ʄʠʥʠʤʘʣʴʥʦʝ 

ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ï 170 ɺ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ï 260 ɺ [1]. 
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2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ  

ʩʦ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʩʚʝʪʠʣʴʥʠʢʘʤʠ RC-R251-001 
ɼʘʣʝʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʟʘʤʝʨʦʚ ʥʘ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʘ 

ʥʘ ʨʠʩʫʥʢʝ 2. ɺʩʝʛʦ ʚ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ ʫʩʪʘʥʦʚʣʝʥʦ 29 ʩʚʝʪʠʣʴʥʠʢʦʚ. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʠ-

ʣʦʩʴ ʪʨʝʤʷ ʧʨʠʙʦʨʘʤʠ. ʕʥʝʨʛʦʤʦʥʠʪʦʨ-3.3ʊ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʰʢʘʬʫ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ, 

ʜʚʘ ʧʨʠʙʦʨʘ ʇʨʦʨʳʚ-ʂʕ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʦʧʦʨʘʭ ˉ 29 ʠ 14 ʧʦ ʢʦʥʮʘʤ ʣʠʥʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 9 ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʝ ʨʘʙʦʪʘʣʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʟʘʤʝʨʘ. ʉʦ-

ʩʪʦʷʥʠʝ ʥʝʨʘʙʦʪʘʶʱʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʩʭʝʤʝ ʜʘʥʦ ʥʘ 14.00 16 ʠʶʥʷ, ʢʦʛʜʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʢʦ-

ʥʝʮ ʟʘʤʝʨʘ. ɼʣʷ ʦʪʜʝʣʴʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦʢʘʟʘʥʘ ʪʘʢʞʝ ʬʘʟʘ ʧʦʜʢʣʶʯʝʥʠʷ. 
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ʇʨʦʨr ʚ  847ʦʧʦʨʘ 29

ʇʨʦʨr ʚ  372 ʦʧʦʨʘ 14

ʉʚʝʪʠʣɹʥʠʢ 

ʧʦʜʢʣʁ ʯʝʥ ʥʘ ʬʘʟʫ ɺ 

(ʟʝʣʝʥr ʡ ʧʨʦʚʦʜ)

ʉʚʝʪʠʣɹʥʠʢ 

ʧʦʜʢʣʁ ʯʝʥ ʥʘ ʬʘʟʫ ʉ 

(ʢʨʘʩʥr ʡ ʧʨʦʚʦʜ)

ʊʦʢ 0,53 ɸ

ʕʥʝʨʛʦʤʦʥʠʪʦʨ 

ɸ- ʩʠʥʠʡ ʧʨʦʚʦʜ

ɺ - ʟʝʣʝʥr ʡ ʧʨʦʚʦʜ

ʉ - ʢʨʘʩʥr ʡ ʧʨʦʚʦʜ

C

B

A

BC

ʉʚʝʪʠʣɹʥʠʢ ʥʝʠʩʧʨʘʚʥr ʡ

 
ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʩʝʪʠ ʩ ʫʢʘʟʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦ ʬʘʟʘʤ  

ʠ ʦʪʤʝʪʢʦʡ ʥʝʨʘʙʦʪʘʶʱʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʘ 16 ʠʶʥʷ (ʜʥʝʤ) 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʚʦʜʝ ʚ ʣʠʥʠʶ ʚ ʪʝʯʝʥʠʝ 

7 ʩʫʪ.  

 
  

ʈʠʩʫʥʦʢ 3 ï ʀʟʤʝʥʝʥʠʝ ʪʨʝʭʬʘʟʥʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʚʚʦʜʝ ʚ ʣʠʥʠʶ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ, ʚ ʪʝʯʝʥʠʝ ʨʘʟʥʳʭ ʥʦʯʝʡ ʨʘʙʦʪʘʝʪ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʠʣʴʥʠʢʦʚ.  

ɺ ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʥʦʯʠ ʚ ʬʘʟʘʭ ɸ, ɺ ʠ ʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʙʦʪʘʣʦ 6, 3 ʠ 5 ʩʚʝʪʠʣʴʥʠʢʦʚ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʥʦʯʠ ʚ ʬʘʟʝ ɸ ʚʢʣʶʯʠʣʠʩʴ ʝʱʝ 2 ʩʚʝʪʠʣʴʥʠʢʘ, ʠ ʦʥʠ ʧʨʦʜʦʣʞʘʣʠ ʨʘʙʦ-

ʪʘʪʴ ʚʩʝ ʧʦʩʣʝʜʫʶʱʝʝ ʚʨʝʤʷ. 

ɼʣʷ ʬʘʟʳ ɺ ʚ ʩʣʝʜʫʶʱʠʝ ʜʚʝ ʥʦʯʠ ʪʘʢʞʝ ʚʢʣʶʯʠʣʠʩʴ 2 ʩʚʝʪʠʣʴʥʠʢʘ, ʜʘʣʝʝ ʥʘ ʦʜʥʫ ʥʦʯʴ 

ʚʢʣʶʯʠʣʩʷ ʝʱʝ ʦʜʠʥ ʩʚʝʪʠʣʴʥʠʢ, ʘ ʩʣʝʜʫʶʱʝʡ ʥʦʯʴ ʁ1 ʩʚʝʪʠʣʴʥʠʢ ʦʪʢʣʶʯʠʣʩʷ. 

ɼʣʷ ʬʘʟʳ ʉ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʥʦʯʝʡ ʨʘʙʦʪʘʣʠ 5 ʩʚʝʪʠʣʴʥʠʢʦʚ, ʜʘʣʝʝ ʥʘ ʪʨʠ ʥʦʯʠ ʚʢʣʶ-

ʯʠʣʩʷ ʝʱʝ ʦʜʠʥ ʩʚʝʪʠʣʴʥʠʢ. 

ʋʢʘʟʘʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 
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ʊʘʙʣʠʮʘ 3 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʪʘʶʱʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʦ ʚʨʝʤʝʥʠ ʠ ʬʘʟʘʤ 

 

ˉ ɼʘʪʘ 

ʄʦʱʥʦʩʪʴ ʘʢʪʠʚʥʘʷ, ɺʪ 

ʏʠʩʣʦ  

ʨʘʙʦʪʘʶʱʠʭ 

ʩʚʝʪʠʣʴʥʠʢʦʚ  

ʚ ʬʘʟʝ 
ɺʩʝʛʦ  

ʨʘʙʦʪʘʝʪ 

ɺʩʝʛʦ  

ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʚʝʪʠʣʴʥʠʢʦʚ 

  ʬʘʟʘ 

ɸ 

ʬʘʟʘ 

ɺ 

ʬʘʟʘ 

ʉ 
ʩʫʤʤʘ ɸ ɺ ʉ 

1 ʩ 9 ʧʦ 10 720 370 600 1690 6 3 5 14 29 

2 ʩ 10 ʧʦ 11 720 370 600 1690 6 3 5 14 29 

3 ʩ 11 ʧʦ 12 960 620 600 2180 8 5 5 18 29 

4 ʩ 12 ʧʦ 13 960 620 600 2180 8 5 5 18 29 

5 ʩ 13 ʧʦ 14 960 740 720 2420 8 6 6 20 29 

6 ʩ 14 ʧʦ 15 960 740 720 2420 8 6 6 20 29 

7 ʩ 15 ʧʦ 16 960 620 720 2300 8 5 6 19 29 

8 ɼʝʥʴ 16 ʠʶʥʷ 960 720 720 2400 8 6 6 20 29 

  

ʅʘ ʧʦʩʣʝʜʫʶʱʝʤ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ ʧʦʬʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ. 

 

 
ʈʠʩʫʥʦʢ 4 ï ʀʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʳʭ ʤʦʱʥʦʩʪʝʡ ʬʘʟ ɸ, ɺ ʠ ʉ ʚ ʧʝʨʠʦʜ ʟʘʤʝʨʘ 

  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʪʘʢʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʘʙʦʪʳ ʩʚʝʪʠʣʴʥʠʢʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ 5 ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʬʘʟʘʤ ʠ ʩʫʤʤʘʨʥʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʬʘʟʝ ɺ ʠ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʙʦʪʘʶʱʠʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʧʝʨʚʳʝ ʩʫʪʢʠ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʅʘʧʨʷʞʝʥʠʷ ʬʘʟ ɸ, ɺ ʠ ʉ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ  

ʥʘ ʚʚʦʜʝ ʚ ʦʩʚʝʪʠʪʝʣʴʥʫʶ ʩʝʪʴ ʚ ʧʝʨʠʦʜ ʟʘʤʝʨʘ 

 

ɺʦʟʤʦʞʥʦ, ʥʝʩʢʦʣʴʢʦ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʬʘʟʝ ɺ ʙʳʣʦ ʦʪʢʣʶʯʝʥʦ ʟʘʱʠʪʦʡ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʢʦʪʦʨʦʡ ʚ ʦʪʜʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʘʙʦʪʳ ʩʚʝʪʠʣʴʥʠʢʦʚ ʜʦʭʦʜʠʣʦ ʜʦ 255 ɺ, ʯʪʦ ʦʯʝʥʴ ʙʣʠʟʢʦ ʢ 

ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ɻʨʘʬʠʢʠ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʦʨʘʭ  ̄29 ʠ 14 (ʨʠʩ. 6) ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ. 
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ʈʠʩʫʥʦʢ 6 ï ʆʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʧʦʨʘʭ  ̄29 ʠ 14 ʚ ʧʝʨʠʦʜ ʟʘʤʝʨʘ 

 

ʅʘʧʨʷʞʝʥʠʝ ʧʦ ʢʦʥʮʘʤ ʣʠʥʠʠ ʥʘ ʦʧʦʨʘʭ ˉ 29 ʠ 14 ʧʨʠʤʝʨʥʦ ʥʘ 1-2 ɺʪ ʥʠʞʝ, ʯʝʤ ʥʘʧʨʷ-

ʞʝʥʠʝ ʚ ʰʢʘʬʫ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʩʦʙʣʶʜʘʶʪʩʷ ʥʦʨʤʳ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʦʙʨʘʪʥʦʡ ʠ ʥʫ-

ʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ, ʭʦʪʷ ʷʚʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ʩʚʝ-

ʪʠʣʴʥʠʢʦʚ ʦʪ ʜʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

 

 
ʈʠʩʫʥʦʢ 7 ï ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʘʢʞʝ ʧʨʠʯʠʥʳ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫ-

ʶʱʠʤ ʚʢʣʶʯʝʥʠʝʤ. 

ɺ ʬʘʟʝ ɸ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʩʚʝʪʠʣʴʥʠʢʦʚ ʥʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ. 

ɺ ʬʘʟʝ ʉ ʪʘʢʦʝ ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʪʦʣʴʢʦ ʦʜʥʘʞʜʳ. 

ɺ ʬʘʟʝ ɺ ʚ ʥʦʯʴ ʩ 9 ʥʘ 10 ʠʶʥʷ ʥʘ 1 ʤʠʥʫʪʫ ʦʪʢʣʶʯʠʣʩʷ 1 ʩʚʝʪʠʣʴʥʠʢ, ʩ 12 ʥʘ 13 ʠʶʥʷ ï 

ʝʱʝ ʦʜʠʥ ʩʚʝʪʠʣʴʥʠʢ. ɺ ʥʦʯʴ ʩ 13 ʥʘ 14 ʠʶʥʷ ʜʚʘʞʜ rʧʨʦʠʩʭʦʜʠʣʦ ʦʪʢʣʶʯʝʥʠʝ ʥʘ 1 ʤʠʥʫʪʫ. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʦʪʢʣʶʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʥʦʯʴ ʩ 14 ʥʘ 15 ʠʶʥʷ. 

 

 
ʈʠʩʫʥʦʢ 8 ï ɸʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʬʘʟʳ ɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʢʘʞʝʥʠʷ ʪʦʢʘ ʬʘʟʳ ɺ ʟʘ ʧʝʨʠʦʜ ʟʘʤʝʨʘ 

 

ʅʘ ʨʠʩʫʥʢʝ 8 ʚʠʜʥʦ ʩʦʚʧʘʜʝʥʠʝ ʧʠʢʦʚ ʠʩʢʘʞʝʥʠʷ ʪʦʢʦʚ ʥʘʛʨʫʟʢʠ ʩ ʤʦʤʝʥʪʘʤʠ ʩʥʠʞʝ-

ʥʠʷ ʤʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʙʦʪʫ ʚ ʥʦʯʴ ʩ 14 ʥʘ 15 ʠʶʥʷ. 
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ʈʠʩʫʥʦʢ 9 ï ʉʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʷʝʤʦʡ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʧʦ ʬʘʟʝ ɺ ʥʦʯʴʶ ʩ 14 ʥʘ 15 ʠʶʥʷ 

 

ɺ ʥʦʯʴ ʩ 14 ʥʘ 15 ʠʶʥʷ ʤʦʱʥʦʩʪʴ ʬʘʟʳ ɺ ʚ 2:07 ʩʥʠʟʠʣʘʩʴ ʥʘ 40 ɺʪ, ʚ 2:38 ï ʥʘ 80 ɺʪ, ʚ 

2:53 ï ʥʘ 50 ɺʪ, ʚ 3:33 ï ʥʘ 310 ɺʪ, 3:37 ï ʥʘ 140 ɺʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ 3:31 ʩʥʘʯʘʣʘ ʩ 730 ʜʦ 630 ɺʪ, ʘ ʟʘʪʝʤ 

ʚ 3:33 ʜʦ 420 ɺʪ. 

ʇʦʢʘʞʝʤ, ʢʘʢʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʢʘ ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʩʢʘʞʝʥʠʷ ʪʦʢʘ ʥʘʛʨʫʟʢʠ ʬʘʟʳ ɺ. 
 

 
ʈʠʩʫʥʦʢ 10 ï ʉʧʝʢʪʨ ʛʘʨʤʦʥʠʢ ʪʦʢʘ ʚ 3.33 ʚ ʥʦʯʴ ʩ 14 ʥʘ 15 ʠʶʥʷ 

ʊʘʙʣʠʮʘ 4 

ʉʧʝʢʪʨ ʪʦʢʘ ʬʘʟʳ ɺ ʚ 3:30 ʚ ʥʦʯʴ ʩ 14 ʥʘ 15 ʠʶʥʷ 
 

ʅʦʤʝʨ ʛʘʨʤʦʥʠʢʠ 3 21 25 27 29 31 33 39 

K_IB , % 23 13 24 12 22 31 21 21 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ K_IB ʚ ʜʘʥʥʫʶ ʥʦʯʴ 7,71 4,45 7,18 6,60 6,09 5,18 4,40 5,25 

ʋʚʝʣʠʯʝʥʠʝ ʪʦʢʘ ʛʘʨʤʦʥʠʢʠ 2,98 2,92 3,34 1,82 3,61 5,98 4,77 4,00 

  

ɺʩʣʝʜʩʪʚʠʝ ʧʦʚʳʰʝʥʠʷ ʪʦʢʦʚ ʛʘʨʤʦʥʠʢ ʧʨʦʠʟʦʰʣʦ ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 

310 ɺʪ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʢʣʶʯʝʥʠʶ ʪʨʝʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. ʕʪʦ ʷʚʣʝʥʠʝ ʙʳʣʦ ʢʨʘʪʢʦʚʨʝʤʝʥ-

ʥʳʤ. ɼʘʣʝʝ, ʧʦʩʣʝ ʩʥʠʞʝʥʠʷ ʪʦʢʦʚ ʛʘʨʤʦʥʠʢ, ʟʘʱʠʪʘ ʚʢʣʶʯʠʣʘ ʩʚʝʪʠʣʴʥʠʢʠ. 
 ʊʘʙʣʠʮʘ 5 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʛʘʨʤʦʥʠʢ ʚ ʪʝʯʝʥʠʝ ʥʦʯʠ, % 
 

ˉ ɼʘʪʘ 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ ʥʦʤʝʨ ʛʘʨʤʦʥʠʢʠ 

3 21 23 25 27 29 3 21 23 25 27 29 

1 ʩ 9 ʧʦ 10 14 26 29 33 28 31 7,20 7,22 10,30 10,82 9,97 8,79 

2 ʩ 10 ʧʦ 11 18 24,5 30 29 22 18 6,87 7,21 8,56 9,62 7,79 6,82 

3 ʩ 11 ʧʦ 12 10 19,5 21 18 15 15 7,06 4,82 5,47 6,12 5,82 5,34 

4 ʩ 12 ʧʦ 13 10 15 27 25 21 15 7,40 5,28 6,27 7,66 7,05 5,79 

5 ʩ 13 ʧʦ 14 20 13 20 17 17 14 7,48 4,46 6,47 7,20 6,65 5,16 

6 ʩ 14 ʧʦ 15 24 14 17 24 16 22 7,71 4,45 6,17 7,18 6,60 6,09 

7 ʩ 15 ʧʦ 16 12 15 20 24 15 13 7,51 5,09 6,38 7,09 5,94 4,98 

  

ʇʦʪʦʢʠ ʘʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ 3 ʛʘʨʤʦʥʠʢʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʧʨʘʚʣʝʥʳ ʦʪ ʦʩʚʝʪʠʪʝʣʴ-

ʥʦʡ ʩʝʪʠ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʛʘʨʤʦʥʠʢ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʚʝʪʠʪʝʣʴʥʫʶ ʩʝʪʴ.  



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 

 

55 

 
ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. 2017. ˉ 1 (64) 

ʂʘʢ ʧʦʢʘʟʘʣ ʘʥʘʣʠʟ, ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʚʝʪʠʣʴʥʠʢʦʚ ʧʘʨʘʤʝʪʨʳ ʂu ʧʦ ʬʘʟʘʤ ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʚ 12 %. 

 

  
ʈʠʩʫʥʦʢ 11 ï ʂʦʵʬʬʠʮʠʝʥʪʳ ʠʩʢʘʞʝʥʠʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʬʘʟ ʚ ʧʝʨʠʦʜ ʟʘʤʝʨʘ 

 

ɺʳʚʦʜʳ 

1. ʀʟ 29 ʩʚʝʪʠʣʴʥʠʢʦʚ 9 ʦʢʘʟʘʣʠʩʴ ʥʝʠʩʧʨʘʚʥʳʤʠ. ʋ ʦʩʪʘʚʰʠʭʩʷ ʚ ʨʘʙʦʪʝ ʩʚʝʪʠʣʴʥʠʢʦʚ 
ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʚ ʪʝʯʝʥʠʝ ʜʥʝʡ ʥʝʜʝʣʠ. ɺ ʧʝʨʚʳʝ ʜʚʝ ʥʦʯʠ ʨʘʙʦʪʘʣʦ 14 ʩʚʝ-

ʪʠʣʴʥʠʢʦʚ, ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʜʚʝ ʥʦʯʠ ï 18, ʜʘʣʝʝ ʜʚʝ ʥʦʯʠ ï 20, ʟʘʪʝʤ ï 19. ɺ ʧʦʩʣʝʜʫʶʱʫʶ 

ʥʦʯʴ ʨʘʙʦʪʘʣʦ 20 ʩʚʝʪʠʣʴʥʠʢʦʚ. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʧʦʣʥʝ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʚʷʟʴ ʩ ʧʦʚʳʰʝʥʥʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʣʠʥʠʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʩʫʪʦʢ. 

2. ʇʨʠʯʠʥʘʤʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʚʢʣʶʯʝ-

ʥʠʝʤ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʦʪ ʪʨʝʭ- ʜʦ hʝʩʪʠʢʨʘʪʥʦʛʦ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ) ʫʚʝʣʠʯʝʥʠʝ ʪʦ-

ʢʦʚ 3, 21, 23, 25, 27, 29, 31, 33 ʠ 39 ʛʘʨʤʦʥʠʢ ʬʘʟʳ ɺ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʣʠʙʦ ʥʝʙʦʣʴʰʦʝ 

ʩʥʠʞʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʜʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, ʣʠʙʦ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʪʦʢʦʚ ï ʦʪʢʣʶʯʝʥʠʝ 

ʪʨʝʭ ʩʚʝʪʠʣʴʥʠʢʦʚ. ʇʦʩʢʦʣʴʢʫ ʠʥʪʝʨʚʘʣ ʦʩʨʝʜʥʝʥʠʷ ʚ ʧʨʠʙʦʨʝ ʩʦʩʪʘʚʣʷʣ 1 ʤʠʥ, ʪʦ ʩʢʦʣʴʢʦ 

ʜʣʠʣʩʷ ʵʪʦʪ ʧʨʦʮʝʩʩ ʠ ʢʘʢʦʚʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʪʦʢʦʚ ʛʘʨʤʦʥʠʢ, ʦʮʝʥʠʪʴ ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

3. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʪʢʣʶʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩ ʪʦ-
ʢʦʚ ʥʘ ʜʘʥʥʳʭ ʛʘʨʤʦʥʠʢʘʭ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʪʢʣʶʯʝʥʠʶ ʟʘʱʠʪʦʡ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʩʚʝʪʠʣʴʥʠʢʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʧʨʝʚʳʰʘʣʦ 3 ʤʠʥ. 

4. ɸʥʘʣʠʟ ʧʦʪʦʢʦʚ ʤʦʱʥʦʩʪʠ ʚʳʰʝ ʥʘʟʚʘʥʥʳʭ ʛʘʨʤʦʥʠʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ ʚ ʧʦʜʘʚʣʷʶ-

ʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘʧʨʘʚʣʝʥʳ ʚ ʦʩʚʝʪʠʪʝʣʴʥʫʶ ʩʝʪʴ. ʀʩʪʦʯʥʠʢʦʤ ʠʭ ʷʚʣʷʝʪʩʷ ʪʷʛʦʚʘʷ 

ʧʦʜʩʪʘʥʮʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʜʘʥʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ. 
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ʀɿʋʏɽʅʀɽ ʇɽʂʊʀʅɸ ʇʃʆɼʆɺ ʆɹʃɽʇʀʍʀ ʉʆʈʊʆɺ ɹʋʈʗʊʉʂʆʁ ʉɽʃɽʂʎʀʀ 

 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ, ʠʭ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝ-

ʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʩʚʦʡʩʪʚ ʚ ʧʣʦʜʘʭ ʦʙʣʝʧʠʭʠ ʩʦʨʪʦʚ ʙʫʨʷʪʩʢʦʡ ʩʝʣʝʢʮʠʠ ɸʷʛʘʥʛʘ, ɿʘʨʷ ɼʘʙʘʪ, ɹʘʷʥ-ɻʦʣ, 

ɿʘʭʘʨʦʚʩʢʘʷ, ʇʨʝʚʦʩʭʦʜʥʘʷ, ʉʦʣʥʝʯʥʘʷ. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʧʦ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʧʝʢʪʠʥʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʦʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʝʢʪʠʥʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ, ʩʦʜʝʨʞʘʥʠʠ ʵʪʝ-

ʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʪʦʨʳʭ ʦʪʣʠʯʠʣʠʩʴ ʩʦʨʪʘ ʦʙʣʝʧʠʭʠ 

ɿʘʨʷ ɼʘʙʘʪ, ɿʘʭʘʨʦʚʩʢʘʷ, ɸʷʛʘʥʛʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʝʢʪʠʥ ʦʙʣʝʧʠʭʠ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʠʟʢʫʶ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʨʪʦʚ ʦʙʣʝʧʠʭʠ, ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʚ 

ɹʫʨʷʪʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʜʘʥʥʳʝ ʩʦʨʪʘ ʥʝ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʫʜʥʝʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʝʧʠʭʘ, ʩʦʨʪʘ ɹʫʨʷʪʠʠ, ʧʝʢʪʠʥ, ʧʨʦʪʦʧʝʢʪʠʥ, ʩʚʦʙʦʜʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ 

ʛʨʫʧʧʳ, ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʤʝʪʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ. 
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THE STUDY OF PECTIN FROM SEA BUCKTHORN  

OF BURYAT SELECTION VARIETIES  
 

The work is devoted to the study of pectic substances, their basic parameters, qualities and properties 

of sea buckthorn varieties of Buryat selection: Ayaganga, Zarya Dabat, Bayan-Gol, Zakharovskaya, 

Prevoskhodnaya and Solnechnaya. The authors identifies distinctions according to the gel-forming ability of 

pectin from sea buckthorn fruits depending on the varietyôs peculiarities. The received data certify a compar-

atively high degree of esterification of pectin from sea buckthorn fruits; presence of esterified carboxyl groups, 

high values of which are notable for such sea buckthorn varieties as Zarya Dabat, Zakharovskaya, Ayaganga. 

Besides, the experimental research has proved that pectin from sea buckthorn of these varieties is character-

ized by a high content of methoxyl groups. The phenomenon causes a low gel-forming ability of sea-buckthorn 

fruits zoned in Buryatia, owing to what these varieties cannot independently be used for production of gelati-

nous products. 

Key words: sea buckthorn, Buryat varieties, pectin, protopectin, free carboxyl groups, esterification 

degree, methoxyl groups. 

 

ɺ ʫʩʣʦʚʠʷʭ ʨʝʟʢʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ɿʘʙʘʡʢʘʣʴʷ ʦʙʣʝʧʠʭʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʝ-

ʜʫʱʠʭ ʠ ʩʪʨʘʭʦʚʳʭ ʷʛʦʜʥʳʭ ʢʫʣʴʪʫʨ ɹʫʨʷʪʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʙʫʨʷʪʩʢʦʡ 

ʩʝʣʝʢʮʠʠ ʷʚʣʷʪʁʩʷ ʟʠʤʦʩʪʦʡʢʦʩʪʴ ʠ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

[13]. ʇʣʦʜʳ ʦʙʣʝʧʠʭʠ ʙʦʛʘʪʳ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʪ ʢʦʤʧʣʝʢʩ ʚʦʜʦ- ʠ ʞʠʨʦ-

ʨʘʩʪʚʦʨʠʤʳʭ ʚʠʪʘʤʠʥʦʚ, ʙʝʣʢʦʚʳʭ ʠ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ. 

ʇʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʩʪʝʥʠʷʭ, ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʝʨʚʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʦʢ ʠ ʩʨʝʜʠʥʥʳʭ ʧʣʘʩʪʠʥʦʢ [9, 12]. ʉʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ 

ʦʙʣʝʧʠʭʠ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ [4, 5, 14], ʩʦʩʪʘʚʣʷʝʪ 0,59ï1,23%. ʇʝʢ-

ʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʥʦ ʠ ʪʘʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ, ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʢ-

ʩʠʣʴʥʳʭ ʠ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ [11], ʠʤʝʶʱʠʤʠ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʦʙʣʝʧʠʭʠ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɻ.ɹ. ɸʡʤʫʭʘʤʝʜʦʚʦʡ [1] ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

ʧʝʢʪʠʥʘ ʦʙʣʝʧʠʭʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʚ ʂʠʨʛʠʟʠʠ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 47000ï50000. ʉʦʜʝʨ-

ʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʩʦʩʪʘʚʠʣʦ 4,5ï5,4%, ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴ-

ʥʳʭ ʛʨʫʧʧ - 13%. ʂʦʣʠʯʝʩʪʚʦ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʚʘʨʴʠʨʫʝʪ ʦʪ 9,0 ʜʦ 14,4%, ʫʨʦʥʠʜʥʘʷ ʩʦ-

ʩʪʘʚʣʷʶʱʘʷ ʨʘʚʥʘ 70ï80%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʣʝʧʠʭʦʚʳʡ ʧʝʢʪʠʥ ʙʳʣ ʧʨʠʨʘʚʥʝʥ 

ʧʦ ʦʩʥʦʚʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʮʠʪʨʫʩʦʚʦʤʫ, ʦʙʣʘʜʘʶʱʝʤʫ ʚʳʩʦʢʠʤʠ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʠʤʠ ʩʧʦ-

ʩʦʙʥʦʩʪʷʤʠ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʧʝʢʪʠʥʝ ʦʙʣʝʧʠʭʠ. ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ɸ.ʄ. ɿʦʣʦʪʘʨʝʚʦʡ, 

ʊ.ʌ. ʏʠʨʢʠʥʦʡ, ɼ.ʎ. ʎʳʙʠʢʦʚʦʡ [8], ʢʦʪʦʨʳʤʠ ʙʳʣ ʚʳʜʝʣʝʥ ʧʝʢʪʠʥ ʜʠʢʦʨʘʩʪʫʱʝʡ ʦʙʣʝʧʠʭʠ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʩʦʜʝʨʞʠʪ 20,3% ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʠ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ 9,2 ʠ 1,2% ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʥʠʟʢʫʶ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʙʣʝʧʠʭʦʚʦʛʦ ʧʝʢʪʠʥʘ.  

ʉʦʜʝʨʞʘʥʠʝ ʠ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʘ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʮʠʦʥʘʣʴ-

ʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʩʦʨʪʦʚ ʙʫʨʷʪʩʢʦʡ ʩʝʣʝʢʮʠʠ, ʤʘʣʦ ʠʟʫʯʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʢʪʠʥʦʚʳʭ ʚʝ-

ʱʝʩʪʚ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʚ ɹʫʨʷʪʠʠ ʩʦʨʪʦʚ.  

 

ʄʘʪʝʨʠʘʣ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʧʣʦʜʳ ʦʙʣʝʧʠʭʠ ʨʘʡʦʥʠʨʦʚʘʥʥʳʭ ʚ ɹʫʨʷʪʠʠ ʩʦʨʪʦʚ 

ɸʷʛʘʥʛʘ, ɿʘʨʷ ɼʘʙʘʪ, ɹʘʷʥ-ɻʦʣ, ɿʘʭʘʨʦʚʩʢʘʷ, ʇʨʝʚʦʩʭʦʜʥʘʷ, ʉʦʣʥʝʯʥʘʷ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʫʤʤʳ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʠ ʚʝʩʦʚʳʤ ʢʘʣʴʮʠ-

ʝʚʦ-ʧʝʢʪʘʪʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʝʢʪʠʥʘ ʠ ʧʨʦʪʦʧʝʢʪʠʥʘ ï ʢʘʣʴʮʠʝʚʦ-ʧʝʢ-

ʪʘʪʥʳʤ ʤʝʪʦʜʦʤ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɺ.ɺ. ɸʨʘʩʠʤʦʚʠʯʘ. ɺʳʜʝʣʝʥʠʝ ʧʝʢʪʠʥʘ ʚʝʣʠ ʧʦ ʤʝʪʦʜʫ ʃʘ-

ʟʫʨʴʝʚʩʢʦʛʦ. ʉʦʜʝʨʞʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʩʦʜʝʨʞʘ-

ʥʠʝ ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʧʝʢʪʠʥʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʘʤʠ ʪʠʪʨʦʚʘʥʠʷ ʧʦ ɻ.ɹ. ɸʡʤʫʭʘʤʝʜʦʚʦʡ 

[10, 3, 2]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʝʢʪʠʥʦʚʳʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʥʝʩʢʦʣʴʢʠʭ ʬʦʨʤʘʭ [6]. 

ʅʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ ʧʨʝʦʙʣʘʜʘʝʪ ʧʝʢʪʠʥ ʚ ʥʝʨʘʩ-

ʪʚʦʨʠʤʦʡ ʬʦʨʤʝ ï ʧʨʦʪʦʧʝʢʪʠʥ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʨʝʚʘʥʠʷ ʧʣʦʜʦʚ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʬʝʨʤʝʥʪʦʚ ʯʘʩʪʠʯʥʦ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʨʘʩʪʚʦʨʠʤʳʡ ʧʝʢʪʠʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ, ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʝʢʪʠʥʘ ʠ ʧʨʦʪʦʧʝʢʪʠʥʘ ʚ ʧʣʦʜʘʭ ʦʙʣʝʧʠʭʠ 

ʩʦʨʪʦʚ ʙʫʨʷʪʩʢʦʡ ʩʝʣʝʢʮʠʠ ʚ ʩʪʘʜʠʠ ʪʝʭʥʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1. 
ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʦʙʣʝʧʠʭʠ 

ʉʦʨʪ ʦʙʣʝʧʠʭʠ 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʨʘʩʪʚʦʨʠʤʦʛʦ 

ʧʝʢʪʠʥʘ, ʚ % (ʦʪ ʩʫʤʤʳ  

ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ) 

ʄʘʩʩʦʚʘʷ ʜʦʣʷ  

ʧʨʦʪʦʧʝʢʪʠʥʘ, ʚ %  

(ʦʪ ʩʫʤʤʳ ʧʝʢʪʠʥʦʚʳʭ  

ʚʝʱʝʩʪʚ) 

ʉʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ 

ʚʝʱʝʩʪʚ, ʚ %  

(ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʤʘʩʩʫ  

ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ) 

ɸʷʛʘʥʛʘ 0,10 0,39 0,49 

ɿʘʨʷ ɼʘʙʘʪ 0,17 0,36 0,53 

ɹʘʷʥ-ɻʦʣ 0,04 0,31 0,35 

ɿʘʭʘʨʦʚʩʢʘʷ 0,15 0,30 0,45 

ʇʨʝʚʦʩʭʦʜʥʘʷ 0,07 0,27 0,34 

ʉʦʣʥʝʯʥʘʷ 0,08 0,28 0,36 

 

ɺ ʧʣʦʜʘʭ ʦʙʣʝʧʠʭʠ ʠʟʫʯʝʥʥʳʭ ʩʦʨʪʦʚ ʙʫʨʷʪʩʢʦʡ ʩʝʣʝʢʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝ-

ʱʝʩʪʚ ʩʦʩʪʘʚʣʷʝʪ 0,34ï0,53%, ʜʦʣʷ ʧʨʦʪʦʧʝʢʪʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 66,7ï88,6%. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʩʦʨʪʦʚ ʥʘʠʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʛʦ ʧʝʢʪʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʨʪ ɿʘʭʘʨʦʚʩʢʘʷ 

(0,15%), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʦʜʦʚ: ʦʥʠ ʠʤʝʁʪ ʦʩʦ-

ʙʝʥʥʦ ʥʝʞʥʫʶ ʤʷʢʦʪʴ, ʧʨʦʟʨʘʯʥʫʶ ʢʦʞʠʮʫ.  
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣ ʚʳʜʝʣʝʥ ʧʝʢ-

ʪʠʥ ʠʟ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʧʝʢʪʠʥʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʠʟʫʯʘʣʠ ʝʛʦ ʘʥʘʣʠ-

ʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʪʘʙʣ. 2). 
ʊʘʙʣʠʮʘ 2 

ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʧʝʢʪʠʥʘ 

ʇʝʢʪʠʥ ʧʣʦʜʦʚ 

ʩʦʨʪʦʚʦʡ 

ʦʙʣʝʧʠʭʠ  

ʇʦʢʘʟʘʪʝʣʴ 

ʩʦʜʝʨʞʘʥʠʝ  

ʩʚʦʙʦʜʥʳʭ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʂʩʚ, % 

ʩʦʜʝʨʞʘʥʠʝ  

ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʂɻ ʪ,% 

ʩʪʝʧʝʥʴ  

ʵʪʝʨʠʬʠʢʘʮʠʠ,  

ʉʪ. ɽ, % 

ʩʦʜʝʨʞʘʥʠʝ  

ʤʝʪʦʢʩʠʣʴʥʳʭ 

ʛʨʫʧʧ, ʂʤʝʪ, % 

ɸʷʛʘʥʛʘ 5,9 9,4 59,4 8,5 

ɿʘʨʷ ɼʘʙʘʪ 6,1 10,7 63,6 9,8 

ɹʘʷʥ-ɻʦʣ 8,0 7,2 47,4 6,7 

ɿʘʭʘʨʦʚʩʢʘʷ 5,8 10,3 62,1 9,9 

ʇʨʝʚʦʩʭʦʜʥʘʷ 9,0 6,8 43,0 6,5 

ʉʦʣʥʝʯʥʘʷ 8,9 7,1 44,4 6,5 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʝʢʪʠʥ ʧʣʦʜʦʚ ʦʙ-

ʣʝʧʠʭʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʩʚʦʙʦʜʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5,8 ʜʦ 9,0%, ʥʘʠʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʦʪʤʝʯʝʥʳ 

ʫ ʩʦʨʪʦʚ ʇʨʝʚʦʩʭʦʜʥʘʷ, ʉʦʣʥʝʯʥʘʷ, ɹʘʷʥ-ɻʦʣ.  

ʉʦʜʝʨʞʘʥʠʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʦʪ-

ʣʠʯʠʣʠʩʴ ʩʦʨʪʘ ɿʘʨʷ ɼʘʙʘʪ, ɿʘʭʘʨʦʚʩʢʘʷ, ɸʷʛʘʥʛʘ, ʩʦʩʪʘʚʠʣʦ 6,8ï10,7%. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʳʩʦʢʦʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʝʢʪʠʥ, ʥʘʧʨʠʤʝʨ ʷʙʣʦʯʥʳʡ, ʠʤʝʝʪ ʩʪʝʧʝʥʴ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʩʚʳʰʝ 50% ʠ ʦʙʨʘʟʫʝʪ ʢʨʝʧʢʠʝ ʩʪʫʜʥʠ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ, ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘ-

ʮʠʠ ʧʝʢʪʠʥʘ ʠʟ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʩʦʩʪʘʚʠʣʘ 43,0ï63,6%. ʇʦ ʩʪʝʧʝʥʠ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʝʢʪʠʥʘ ʠʩ-

ʩʣʝʜʫʝʤʳʝ ʩʦʨʪʘ ʦʙʣʝʧʠʭʠ ʤʦʞʥʦ ʨʘʩʧʦʣʦʞʠʪʴ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ: ɿʘʨʷ ɼʘʙʘʪ > ɿʘʭʘʨʦʚʩʢʘʷ 

> ɸʷʛʘʥʛʘ > ɹʘʷʥ-ɻʦʣ > ʉʦʣʥʝʯʥʘʷ > ʇʨʝʚʦʩʭʦʜʥʘʷ. ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʵʪʝʨʠʬʠʢʘʮʠʠ 

ʧʝʢʪʠʥʘ ʦʙʣʝʧʠʭʠ ʩʦʨʪʦʚ ɸʷʛʘʥʛʘ, ɿʘʨʷ ɼʘʙʘʪ, ɿʘʭʘʨʦʚʩʢʘʷ ʩʚʳʰʝ 50%, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʧʝʢʪʠʥ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʦʙʣʝʧʠʭʠ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʪʫʜʥʝʦʙʨʘʟʦʚʘʥʠʶ. ʆʩʪʘʣʴʥʳʝ 

ʩʦʨʪʘ ʦʙʣʝʧʠʭʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʵʪʝʨʠʬʠʢʘʮʠʠ ʧʝʢʪʠʥʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ 

ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ɸʚʪʦʨʘʤʠ [8] ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʢʩʠʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʝʢʪʠʥʘ ʜʠʢʦʨʘʩʪʫʱʝʡ ʦʙ-

ʣʝʧʠʭʠ, ʨʘʚʥʘʷ 9,2%, ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ. ʇʦ ʥʘʰʠʤ 

ʜʘʥʥʳʤ, ʧʝʢʪʠʥ ʩʦʨʪʦʚʦʡ ʦʙʣʝʧʠʭʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʦʢʩʠʣʴ-

ʥʳʭ ʛʨʫʧʧ: ɿʘʭʘʨʦʚʩʢʘʷ (9,9%), ɿʘʨʷ ɼʘʙʘʪ (9,8%), ɸʷʛʘʥʛʘ (8,5%). ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʪʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ, 

ʧʣʦʜʳ ʦʙʣʝʧʠʭʠ ʜʘʥʥʳʭ ʩʦʨʪʦʚ ʥʝ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟ-

ʜʝʣʠʡ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʥʝʩʝ-

ʥʠʝ ʧʝʢʪʠʥʩʦʜʝʨʞʘʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ [7]. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʦʚʳʭ ʚʝʱʝʩʪʚ ʚ ʧʣʦʜʘʭ ʦʙʣʝʧʠʭʠ ʩʦʨʪʦʚ ʙʫʨʷʪʩʢʦʡ ʩʝʣʝʢʮʠʠ 

ɸʷʛʘʥʛʘ, ɿʘʨʷ ɼʘʙʘʪ, ɹʘʷʥ-ɻʦʣ, ɿʘʭʘʨʦʚʩʢʘʷ, ʇʨʝʚʦʩʭʦʜʥʘʷ, ʉʦʣʥʝʯʥʘʷ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ 

0,34ï0, 53%. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʧʨʦʪʦʧʝʢʪʠʥʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʠʣʘ 0,27ï0,39%. ʋʩʪʘʥʦʚʣʝʥʳ ʨʘʟ-

ʣʠʯʠʷ ʧʦ ʩʪʫʜʥʝʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʢʪʠʥʘ ʧʣʦʜʦʚ ʦʙʣʝʧʠʭʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʨʪʦ-

ʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ ʩʪʝʧʝʥʠ ʵʪʝʨʠʬʠʢʘʮʠʠ 43,0ï63,6 %, ʩʦʜʝʨʞʘʥʠʶ ʵʪʝʨʠʬʠʮʠʨʦ-

ʚʘʥʥʳʭ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ 6,8ï10,7 %, ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢʦʪʦʨʳʭ ʦʪʣʠʯʠʣʠʩʴ ʩʦʨʪʘ ɿʘʨʷ 
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ɼʘʙʘʪ, ɿʘʭʘʨʦʚʩʢʘʷ, ɸʷʛʘʥʛʘ. ʆʜʥʘʢʦ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʤʝʪʦʢʩʠʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʝʢʪʠʥʘ ʦʙ-

ʣʝʧʠʭʠ, ʜʘʥʥʳʝ ʩʦʨʪʘ ʥʝ ʤʦʛʫʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʫʜʥʝʦʙʨʘʟ-

ʥʳʭ ʧʨʦʜʫʢʪʦʚ.  
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ʇʈʀ ɼɽʁʉʊɺʀʀ ʉʆʉʈɽɼʆʊʆʏɽʅʅʆʁ ʉʀʃʓ 

  
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʩʯʝʪ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʟʦʥʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʪʘʣʴʥʦʡ ʙʘʣʢʠ, ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʚʳʪʷʞʢʦʡ ʩʪʝʥʢʠ. ʅʘʡʜʝʥʳ ʟʥʘʯʝʥʠʷ ʤʥʦʞʠʪʝʣʝʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʝ ʠ ʚ ʙʘʣʢʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʣʫʯʝʥʦ 

ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥ-

ʥʳʭ ʙʘʣʦʢ. ʅʘʡʜʝʥʳ ʚʳʨʘʞʝʥʠʷ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʜʚʫʪʘʚʨʦʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʥʠʞʘʝʪ ʣʦʢʘʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʦʩʠ x  ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʙʘʣʢʦʡ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 35%. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʳʪʷʞʢʦʡ ʩʪʝʥʢʠ, ʣʦʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʟʦʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʘʷ ʩʠʣʘ. 
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A.A. Chebrovsky, Cand. Sc. Engineering. 

 

THE RESEARCH OF LOCA L TENSION IN THE AVE RAGE ZONE  

OF THE PREVIOUSLY ST RESSED STEEL BEAM, AT ACTION  

OF THE CONCENTRATED FORCE 
 

The article considers calculation of the local tension arising from action of the concentrated force ap-

plied in a zone of the maximum bending moment of the steel beam, previously stressed by the wall stretching. 

Values of multipliers for determination of local tension are found in previously stressed beam and in a beam 

without preliminary tension. The authors have received the general expression of normal tension in the cross 

section of a wall obtained for previously stressed beams. They have also found the expressions of normal 

tension for optimum geometrical parameters of previously stressed beam of double-T cross section. It is es-

tablished that preliminary tension reduces local normal tension on an X-axis to 35% from external loading in 

comparison with a beam without preliminary tension. 

Key words: preliminary tension by wall stretching, the local tension, the zone of the maximum bending 

moment, concentrated force. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʳ ʦʙʰʠʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʩʯʝʪʫ ʦʙʳʯʥʳʭ ʙʘʣʦʢ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥ-

ʥʳʝ ʥʘʛʨʫʟʢʠ, ʧʨʠʣʦʞʝʥʥʳʝ ʢ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ ʧʦʷʩʥʳʤ ʣʠʩʪʘʤ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʙʦʪʫ ʙʘʣʦʢ, ʧʨʝʜʚʘ-

ʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʙʝʟ ʟʘʪʷʞʝʢ, ʚ ʯʘʩʪʥʦʩʪʠ ʙʘʣʦʢ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʢʦʪʦ-

ʨʳʭ ʩʦʟʜʘʝʪʩʷ ʧʨʦʜʦʣʴʥʦʡ ʚʳʪʷʞʢʦʡ ʩʪʝʥʢʠ, ʧʦʩʚʷʱʝʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ. ʅʘ ʣʠʢʚʠʜʘʮʠʶ ʫʢʘʟʘʥʥʦʛʦ ʧʨʦʙʝʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P  ʢ ʩʪʝʥʢʝ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ (ʨʠʩ. 1), ʥʫʞʥʦ ʠʤʝʪʴ ʚ 

ʚʠʜʫ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ prx,s , ʜʝʡʩʪʚʫʶʱʠʝ ʧʦ ʚʩʝʡ ʚʳʩʦʪʝ 
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ʩʪʝʥʢʠ, ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʚ ʮʝʣʦʤ ʥʘ ʥʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʝʥʢʠ ʚ ʜʘʥʥʦʤ ʩʝʯʝʥʠʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʩʭʝʤʳ ʨʘʟʨʫʰʝʥʠʷ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʰʘʨʥʠʨʥʦ ʦʧʝʨʪʳʭ ʧʣʘʩʪʠʥʦʢ ʦʪ ʧʨʦʠʟʚʦʣʴʥʦ ʧʨʠʣʦʞʝʥʥʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ 

ʩʠʣ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʙʘʣʢʝ ʙʫʜʝʤ ʦʧʠʨʘʪʴʩʷ ʥʘ ʙʘʣʦʯʥʫʶ ʪʝʦʨʠʶ ʉ.ʇ. ʊʠʤʦ-

ʰʝʥʢʦ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʤʤʠʨʫʷ ʪʨʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʥʢʠ ʦʪ 

ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʩʪʝʥʢʝ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʟʘʧʠʰʝʤ 

ʦʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ AD, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʢʣʘʩ-

ʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʣʷ ʙʘʣʦʢ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ: 
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ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʥʘʛʨʫʟʢʠ,  

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʩʪʝʥʢʫ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ  

 

ʊʘʢ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʡ ʣʦʢʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʦʪʜʘʣʝʥʠʠ ʦʪ ʪʦʯʢʠ 

ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʉʝʥ-ɺʝʥʘʥʘ 

ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʥʫʣʶ, ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʛʠʙʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ ʙʫʜʝʪ ʦʢʘʟʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ ʠʟʛʠʙʫ yR , ʘ ʥʝ ʩʨʝʟʫ sR . ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʥʘʷ ʩʠʣʘ maxP , ʧʨʠʣʦʞʝʥʥʘʷ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʠʟ ʫʩʣʦʚʠʷ ʧʨʦʯʥʦʩʪʠ ʵʣʝ-

ʤʝʥʪʘ ʧʦ ʠʟʛʠʙʘʶʱʝʤʫ ʤʦʤʝʥʪʫ maxM : 
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ʅʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ prx,s  ʧʦ ʢʦʨʦʪʢʠʤ ʩʪʦ-

ʨʦʥʘʤ ʜʣʷ ʩʣʫʯʘʷ ʚʘʨʠʘʮʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʝʨʭʥʝʡ ʢʨʦʤʢʝ ʩʪʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ x, ʧʨʦ-

ʭʦʜʷʱʝʡ ʚʜʦʣʴ ʩʝʨʝʜʠʥʳ ʩʪʝʥʢʠ, ʟʘʧʠʰʝʪʩʷ: 
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ʅʫʞʥʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ A  ʧʨʠ ʪʦʣʱʠʥʝ 

ʩʪʝʥʢʠ 1=wt  ʟʘʧʠʰʝʪʩʷ: 
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ʆʙʱʝʝ ʚʳʨʘʞʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs  ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ AD, ʧʦʣʫʯʝʥ-

ʥʦʝ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʳʭ ʙʘʣʦʢ: 
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ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʜʦ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʨʦʤʦʢ ʩʪʝʥʢʠ 2/hc= , ʥʦʨʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʙʫʜʫʪ ʥʘʠʙʦʣʴʰʠʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0=x , ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʉʝʥ-ɺʝʥʘʥʘ hl = . ʀʩ-

ʧʦʣʴʟʫʝʤ ʦʧʪʠʤʘʣʴʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ ʜʚʫʪʘʚʨʦ-

ʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 1754,1=K  ʠ 496,0=wg , ʧʨʠʚʝʜʝʥʥʳʝ ʚ [2], ʪʦʛʜʘ ʚʳʨʘʞʝʥʠʷ ʥʦʨʤʘʣʴ-

ʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ AD  ʙʫʜʫʪ ʨʘʚʥʳ: 
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273,1783,0099,090,2
h

y

h

y
Ry .                                  (6) 

ɹʦʣʝʝ ʜʝʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʧʨʦʚʝʣ ʌ. ɿʝʝʚʘʣʴʜ, ʧʨʠʤʝʥʠʚ ʨʝʰʝʥʠʝ ʂʘʨʤʘʥʘ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʣʠʥʥʦʡ 

ʙʘʣʢʠ. ʌʫʥʢʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ( )yxF , , ʟʘʜʘʶʱʘʷ ʟʘʢʦʥ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʢʨʠʚʠʟʥʳ 

ʚʙʣʠʟʠ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʌ. ɿʝʝʚʘʣʴʜʦʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʨʘʙʦʪʝ [3]. 

ʌ. ɿʝʝʚʘʣʴʜ ʨʘʟʜʝʣʠʣ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʝ: ʧʝʨʚʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʢʣʘʩʩʠ-

ʯʝʩʢʦʡ ʙʘʣʦʯʥʦʡ ʬʦʨʤʫʣʝ, ʘ ʜʨʫʛʘʷ ʦʧʠʩʳʚʘʝʪ ʣʦʢʘʣʴʥʳʡ ʵʬʬʝʢʪ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ. ɺʪʦʨʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʬʦʨʤʝ, ʧʨʠʚʝʜʝʥ-

ʥʦʡ ʚ [1]: 

c

P
ADx as = ,                                                        (7) 

ʛʜʝ 
ADa  - ʯʠʩʣʝʥʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʣʦʢʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ; 
c

P
 - ʦʪʥʦʰʝʥʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ ʠ ʧʦʣʦʚʠʥʳ ʚʳʩʦʪʳ ʩʪʝʥʢʠ 

ʙʘʣʢʠ. 

ʊʦʛʜʘ ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ xs, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ AD  (ʨʠʩ. 1) ʦʪ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P  ʧʨʠ 0=x : 
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ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʫʶ ʙʘʣʢʫ ʚ ʩʝʯʝʥʠʠ AD  ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʪʦʛʜʘ ʤʥʦʞʠʪʝʣʠ ʫʨʘʚʥʝʥʠʷ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs  ʙʫʜʫʪ ʨʘʚʥʳ: 
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90,2= .                                                              (12) 

ɿʥʘʯʝʥʠʷ ʤʥʦʞʠʪʝʣʝʡ prAD,a  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs  ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʝ ʠ ʤʥʦʞʠʪʝʣʝʡ obAD,a  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ obx,s  ʚ ʙʘʣʢʝ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠʩʫʥʢʝ 2. ʅʘ ʨʘʩʩʪʦʷʥʠʠ 0=y  

ʠ hcy ==  ʟʥʘʯʝʥʠʝʤ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs  ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. 

 
 

 

 
ʙ 

 

ʈʠʩʫʥʦʢ 2 - ɻʨʘʬʠʢ ʟʥʘʯʝʥʠʡ ʤʥʦʞʠʪʝʣʷ ADa  ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs   

ʚ ʩʝʯʝʥʠʠ AD  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ  

ʙʘʣʢʠ (ʧʫʥʢʪʠʨ.) ʠ ʙʘʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʩʧʣʦʰ.):  

ʘ - ʧʨʠ cy -= ; ʙ - ʧʨʠ 
2

c
y -= . 

 

ʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 2 ʘ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʞʠʤʘʶʱʠʝ ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

xs  ʚ ʢʨʘʡʥʝʡ ʚʝʨʭʥʝʡ ʪʦʯʢʝ ʩʝʯʝʥʠʷ ʩʪʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ, ʧʨʠ 

2/hcy -=-= , ʚ ʩʣʫʯʘʝ ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P  ʙʫʜʫʪ ʜʦ 35% ʤʝʥʴʰʝ ʩʞʠʤʘʶʱʠʭ 

ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ obx,s  ʚ ʩʪʝʥʢʝ ʙʘʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ 

ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʩʪʝʥʢʠ ʜʝʡʩʪʚʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ, ʥʘʢʣʘʜʳʚʘʷʩʴ ʥʘ ʩʞʠʤʘʶʱʠʝ ʤʝʩʪʥʳʝ ʥʦʨ-

ʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʩʥʠʞʘʶʪ ʧʦʣʝ ʵʪʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ɸʥʘʣʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 2 ʙ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʞʠʤʘʶʱʠʝ ʤʝʩʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ xs  ʚ ʚʝʨʭ-

ʥʝʡ ʪʦʯʢʝ ʩʝʯʝʥʠʷ ʩʪʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ, ʧʨʠ 4/2/ hcy -=-= , ʚ ʩʣʫʯʘʝ 

ʜʝʡʩʪʚʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P  ʙʫʜʫʪ ʜʦ 30% ʤʝʥʴʰʝ ʩʞʠʤʘʶʱʠʭ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

obx,s  ʚ ʩʪʝʥʢʝ ʙʘʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʜʥʘʢʦ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʤʝʩʪʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ xs  ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʫʪ ʜʦ 30% ʙʦʣʴʰʝ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ 

obx,s  ʚ ʩʪʝʥʢʝ ʙʘʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʕʪʦʪ ʠʪʦʛ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦʣʝ 

ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʩʝʯʝʥʠʠ ʧʨʠ 4/hy -=  ʚ ʟʦʥʝ ʦʢʦʣʦ ʪʦʯʢʠ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ P  ʙʫʜʝʪ 

ʠʤʝʪʴ ʵʧʶʨʫ ʩʞʠʤʘʶʱʠʭ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʘ ʧʦ ʤʝʨʝ ʦʪʜʘʣʝʥʠʷ ʦʪ ʥʝʝ - ʵʧʶʨʫ ʨʘʩʪʷʛʠ-

ʚʘʶʱʠʭ, ʠ, ʥʘʢʣʘʜʳʚʘʷʩʴ ʚ ʵʪʦʤ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʥʘ ʵʧʶʨʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʨʘʩ-

ʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ, ʘ ʚʦ ʚʪʦʨʦʤ - ʫʚʝʣʠʯʝʥʠʝ 

ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs. ʇʦʩʢʦʣʴʢʫ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʘʤʧʣʠʪʫʜʘ ʩʞʠʤʘʶʱʠʭ ʤʝʩʪʥʳʭ ʥʘʧʨʷ-

ʞʝʥʠʡ ʥʘ 17% ʙʦʣʴʰʝ ʘʤʧʣʠʪʫʜʳ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʤʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʪʦ ʚ ʮʝʣʦʤ ʧʨʝʜʚʘʨʠ-

ʪʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʧʨʠ 4/hy -=  ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦʡ ʙʘʣʢʦʡ.   

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʵʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ xs  ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʝ ʠ 

ʚ ʙʘʣʢʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʙʦʪʝ ʦʪ ʚʥʝʰʥʝʡ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʠʣʳ P , 

ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʨʘʚʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 40 ʢʅ.  

 

 
ʈʠʩʫʥʦʢ 3 - ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ xs   

ʚ ʙʘʣʢʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʚʚʝʨʭʫ)  

ʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʝ (ʚʥʠʟʫ) ʧʨʠ ʢʅP 40=  

 

 
ʈʠʩʫʥʦʢ 4 - ʕʧʶʨʳ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ locx,s   

ʧʦ ʜʣʠʥʝ ʙʘʣʢʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʩʣʝʚʘ)  

ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʠ (ʩʧʨʘʚʘ) ʧʨʠ ʢʅP 40=   
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʧʶʨ 

ʣʦʢʘʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʟʥʘʯʝʥʠʷ ʚ ʩʝʯʝʥʠʠ ʩʪʝʥʢʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 4h  ʦʪ ʚʝʨʭʥʝʡ ʢʨʦʤʢʠ ʩʪʝʥʢʠ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ ʙʘʣʢʠ, ʛʜʝ ʜʝʡʩʪʚʫʝʪ ʥʘʠʙʦʣʴ-

ʰʠʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ (ʨʠʩ. 4). 

ɸʥʘʣʠʟ ʨʠʩʫʥʢʘ 4 ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʳʯʥʦʡ ʙʘʣʢʝ ʧʨʠ ʢʅP 40=  ʥʘʧʨʷʞʝʥʠʷ locx,s  ʙʫʜʫʪ 

ʩʞʠʤʘʶʱʠʤʠ ʠ ʚ 1,5 ʨʘʟʘ ʤʝʥʴʰʠʤʠ ʧʦ ʤʦʜʫʣʶ, ʯʝʤ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʡ ʙʘʣʢʝ.  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ  

ʋʃʔʊʈɸʆʉʅʆɺʅʓʍ ɸʃʖʄʆʉʀʃʀʂɸʊʅʓʍ ʇʆʈʆɼ ɹʋʈʗʊʀʀ  

ɺ ʊɽʍʅʆʃʆɻʀʀ ʉʊʈʆʀʊɽʃʔʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʘʣʶʤʦʩʠ-

ʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ɹʫʨʷʪʠʠ ï ʩʳʥʥʳʨʠʪʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ ʠ ʙʝʪʦʥʦʚ. ʇʨʠʚʝʜʝʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝ-

ʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʳʥʥʳʨʠʪʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʙʘʚʦʢ-ʩʧʝʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʠʪʝʣʝʡ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫ-

ʱʠʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ; ʢʘʢ ʢʦʤʧʦʥʝʥʪʘ ʪʦʥʢʦʤʦʣʦʪʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ; ʚ ʩʦʯʝ-

ʪʘʥʠʠ ʩ ʱʝʣʦʯʥʳʤʠ ʩʦʣʷʤʠ ʢʘʢ ʠʥʪʝʥʩʠʬʠʢʘʪʦʨ ʪʚʝʨʜʝʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ. ɺʚʝʜʝʥʠʝ ʪʦʥʢʦʤʦʣʦ-

ʪʦʡ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʪʘʰʘ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʜʦ 30% ʮʝʤʝʥʪʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʨʝ-

ʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʮʝʤʝʥʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ, ʩʳʥʥʳʨʠʪʳ, ʱʝʣʦʯʥʳʝ ʮʝʤʝʥʪʳ, 

ʩʧʝʢʘʥʠʝ, ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʞʠʛʘ, ʜʦʙʘʚʢʘ. 

L.A.  Urkhanova, Dr. Sc. Engineering, Prof. 
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THE USE OF ULTRA ALKALINE ALUMINOSILICATE ROCKS OF BURYATIA  

IN CONSTRUCTION MATERIALS TECHNOLOGY  

 
The article presents the results of studies on the use of ultra-alkaline aluminosilicate rock of Buryatia - 

synnyrite for the production of binders and concretes. It shows some characteristics of natural raw materials 

and the main directions of their use. It is proved both theoretically and experimentally that use of  synnyrite in 

combination with carbonate rocks leads to obtain additives that can be used as hardening accelerators of 

different  binders; and as a component of active fine ground composite binders in combination with alkali salts 

as the hardening intensifier of Portland cement. The use of fine ground original rock in the presence of potas-

sium carbonate allows to replace up to 30% of cement without changing the compressive strength of cement. 

Key words: ultra-alkaline aluminosilicate rock, synnyrite, alkali cements, sintering, carbonate rocks, 

firing temperature, the additive 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ (ʇʎ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʷʞʫ-

ʱʠʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʙʝʪʦʥʘ ʠ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʦʜʥʘʢʦ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʫʟʘʪʨʘʪʥʳʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʎ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʩʦ-

ʢʠʤʠ ʦʙʲʝʤʘʤʠ ʚʳʙʨʦʩʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʊʦʣʴʢʦ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʉʆ2 ʤʠʨʦʚʘʷ ʮʝ-

ʤʝʥʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʙʨʘʩʳʚʘʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʙʦʣʝʝ 7% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʝʛʦ 

ʚʳʙʨʦʩʦʚ ʚʩʝʤʠ ʦʪʨʘʩʣʷʤʠ. ʇʨʠʥʮʠʧʳ ʨʝʩʫʨʩʦ- ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʩʪʘʣʠ ʟʘʢʣʘʜʳʚʘʪʴʩʷ ʚ ʦʩʥʦʚʫ ʥʘʮʠʦʥʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʤʥʦʛʠʭ ʩʪʨʘʥ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʈʦʩʩʠʠ. ʉʦʛʣʘʩʥʦ ʧʨʠʢʘʟʫ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 2017 ʛ. ʚ ʈʦʩʩʠʠ ʦʙʲʷʚʣʝʥ ɻʦʜʦʤ ʵʢʦ-

ʣʦʛʠʠ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʮʝʤʝʥʪʘ, ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʷʞʫʱʠʭ ʚʝ-

ʱʝʩʪʚ ʨʝʘʣʠʟʫʶʪʩʷ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 
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- ʥʘʨʘʱʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʚ ʩ ʧʦʥʠʞʝʥʠʝʤ ʩʦʜʝʨ-

ʞʘʥʠʷ ʢʣʠʥʢʝʨʥʦʡ ʯʘʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ ʧʨʠʨʦʜʥʦʛʦ 

ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [1-3]; 

- ʨʘʟʨʘʙʦʪʢʘ ʠ ʨʘʟʚʠʪʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʩʢʣʠʥʢʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ, ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʳʭ ʧʦ ʩʚʦʡʩʪʚʘʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʫ, ʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʥʝ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴ-

ʥʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʙʦʣʴʰʠʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ ʠ ʚʳʙʨʦʩʘʤʠ ʧʦʙʦʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʙʝʩʢʣʠʥʢʝʨʥʳʭ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʚʷʞʫʱʠʭ ʦʪʥʦʩʷʪʩʷ çʛʝʦʮʝʤʝʥʪʳè, ʧʦʣʫ-

ʯʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞ-

ʜʝʥʠʷ ʟʘʪʚʦʨʝʥʠʝʤ ʠʭ ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʱʝʣʦʯʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʵʪʦʤ ʥʠʟʢʦʦʩʥʦʚʥʳʭ 

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ, ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ, ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦ-ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʛʠʜ-

ʨʦʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʛʠʜʨʦʘʣʶʤʠʥʘʪʦʚ, ʛʠʜʨʦʬʝʨʨʠʪʦʚ [4]. ʉʠʥʪʝʟʦʤ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʧʨʠʨʦʜʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʦʙʲʷʩʥʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʜʦʣʛʦ-

ʚʝʯʥʦʩʪʠ, ʘ ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʧʦʣʠʤʝʨʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʝʪ ʥʝ ʤʝʥʝʝ ʯʝʤ 7-ʪʳ-

ʩʷʯʝʣʝʪʥʶʶ ʠʩʪʦʨʠʶ [1]. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ ʰʢʦʣʳ ɺ.ɼ. ɻʣʫʭʦʚʩʢʦʛʦ ʚ ʦʙʣʘʩʪʠ ʱʝʣʦʯʥʳʭ ʮʝʤʝʥʪʦʚ [5, 

6] ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ ʟʘ ʩʯʝʪ ʚʦʚʣʝʯʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʩʳʨʴʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʱʝʣʦʯʥʳʤʠ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʝʪʨʘʜʠ-

ʮʠʦʥʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʣʶʤʠʥʠʝʚʦʡ ʦʪʨʘʩʣʠ, ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ ʠ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ ʷʚʣʷʶʪʩʷ ʫʣʴʪʨʘʢʘʣʠʝʚʳʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ ï ʩʳʥʥʳʨʠʪʳ 

ɹʫʨʷʪʠʠ. ʆʥʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʉʳʥʥʳʨʩʢʦʤ ʤʘʩʩʠʚʝ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ ʚ ʥʘʯʘʣʝ 

1960-ʭ ʛʛ. ʉʳʥʥʳʨʩʢʠʡ ʤʘʩʩʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʤ ʨʘʡʦʥʝ ɹʫʨʷʪʠʠ ʚ ʤʝʞʜʫʨʝ-

ʯʴʝ ʨʝʢ ʃʝʚʘʷ ʄʘʤʘ ʠ ɹʦʣʴʰʘʷ ʏʫʷ ʢ ʩʝʚʝʨʫ ʦʪ ʪʨʘʩʩʳ ɹɸʄ. ɺ ʉʳʥʥʳʨʩʢʦʤ ʤʘʩʩʠʚʝ ʚʳʜʝʣʝʥʳ 

ʪʨʠ ʢʨʫʧʥʳʭ ʫʯʘʩʪʢʘ ï ʂʘʣʶʤʥʳʡ, ʊʨʝʭʛʣʘʚʳʡ ʠ ɺʝʨʭʥʝʫʰʤʫʥʩʢʠʡ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʤʦʞʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʈʝʩʫʨʩʥʳʝ ʟʘʧʘʩʳ ʥʘ ʂʘʣʶʤʥʦʤ ʫʯʘʩʪʢʝ 

ʦʮʝʥʝʥʳ ʚ 2150 ʤʣʥ. ʪ ʨʫʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ Al2O3 ï 490 ʤʣʥ. ʪ; ʥʘ ʊʨʝʭʛʣʘʚʦʤ 

ï 300 ʤʣʥ. ʪ ʨʫʜʳ; ʥʘ ɺʝʨʭʥʝʫʰʤʫʥʩʢʦʤ ï 150 ʤʣʥ. ʪ ʨʫʜʳ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʥʥʳʨʠʪʦʚ, 

ʢʘʢ ʦʪʤʝʯʘʪʁ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʩʪʦʷʥʝʥ [7, 8].  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳʥʥʳʨʠ-

ʪʦʚ ʂʘʣʶʤʥʦʛʦ ʫʯʘʩʪʢʘ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 625 ʙʦʨʦʟʜʦʚʳʭ ʧʨʦʙ ʚ ʠʥʪʝʨʚʘ-

ʣʘʭ ʚʟʷʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʙʳ. 
    ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʳʥʥʳʨʠʪʦʚ 

 
ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ , ʤʘʩ. % 

Al 2O3 SiO2 K2O Na2O MgO CaO TiO2 Fe2O3 Fe + MgO + CaO 

22,53 54,39 18,25-21,12 1,06 0,33 0,56 0,15 0,83 2,72 

ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʩʳʥʥʳʨʠʪʦʚ ʷʚʣʷʶʪʩʷ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ 

ʰʧʘʪ (ʤʠʢʨʦʢʣʠʥ), ʥʝʬʝʣʠʥ ʠ ʢʘʣʴʩʠʣʠʪ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʠʢʨʦʢʣʠʥʘ 

(ʪʘʙʣ. 2).  
            ʊʘʙʣʠʮʘ 2 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʳʥʥʳʨʠʪʦʚ 

 
ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ, % ʄʠʥʝʨʘʣ ʉʦʜʝʨʞʘʥʠʝ, % 

ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (ʤʠʢʨʦʢʣʠʥ, ʩʘʥʠʜʠʥ) 63,50 ʩʬʝʥ ʟʥʘʢʠ 

ʂʘʣʴʩʠʣʠʪ 23,20 ʤʘʛʥʝʪʠʪ - 

ɹʠʦʪʠʪ 4,25 ʘʧʘʪʠʪ - 

ʕʛʠʨʠʥ-ʜʠʦʧʩʠʜ 8,14 ʦʨʪʠʪ - 

ʕʛʠʨʠʥ-ʩʘʣʠʪ ʟʥʘʢʠ ʬʣʶʦʨʠʪ - 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʂʘʣʶʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʳʥʥʳ-

ʨʠʪʦʚ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʳʥʥʳʨʠʪʦʚ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ. ʀʟ-ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ ʚ ʩʳʥʥʳʨʠʪʘʭ (22% ʧʨʦʪʠʚ 28-30% ʚ ʥʝʬʝʣʠʥʦʚʳʭ ʨʫʜʘʭ) ʠʩʢʣʶʯʘʝʪʩʷ ʠʭ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʛʣʠʥʦʟʝʤʥʦʛʦ ʩʳʨʴ.̫ ʇʦʵʪʦʤʫ ʩʳʥʥʳʨʠʪʳ ʥʫʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʠʩʪʦʯʥʠʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʛʣʠʥʦʟʝʤʘ, ʙʝʩʭʣʦʨʥʳʭ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʥʦ ʠ ʤʘʪʝʨʠ-

ʘʣʦʚ ʜʣʷ ʩʪʨʦʡʠʥʜʫʩʪʨʠʠ: ʢʝʨʘʤʠʢʠ, ʞʘʨʦʧʨʦʯʥʦʛʦ ʢʠʨʧʠʯʘ, ʦʛʥʝʫʧʦʨʦʚ ʠ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʙʝʪʦʥʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʩʳʥʥʳʨʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟ-

ʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʠʜʨʦʣʠʟʫʶʱʠʭʩʷ ʚ ʚʦʜʝ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʱʝʣʦʯ-

ʥʫʶ ʩʨʝʜʫ. ʉʳʥʥʳʨʠʪʳ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʠʤʝʶʪ ʨʅ=7,5, ʧʨʠ ʠʟ-

ʤʝʣʴʯʝʥʠʠ ʚ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ ï 8,1, ʚ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʳʭ ʘʧʧʘʨʘʪʘʭ - 9,7.  

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʥʥʳʨʠʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʠ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ ʠ ʙʝʪʦʥʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʦʟʤʦʞʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʦʜʭʦʜʳ: 

1. ʇʦʣʫʯʝʥʠʝ ʙʝʣʠʪʦʚʳʭ ʚʷʞʫʱʠʭ, ʩʦʜʝʨʞʘʱʠʭ ʱʝʣʦʯʥʳʝ ʘʣʶʤʠʥʘʪʳ, ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ 

ʩʳʥʥʳʨʠʪʦʚ ʩ ʠʟʚʝʩʪʥʷʢʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ t=1000-1300 ÜC ʧʦ ʨʝʘʢʮʠʠ: 

 

K2O*Al 2O3*2SiO2+4CaCO3 
Ξ

ᴼ
K2O*Al 2O3+ 2(2CaO*SiO2) +4CO2ŷ. 

 

ɺʩʣʝʜʩʪʚʠʝ ʨʘʩʪʚʦʨʝʥʠʷ K2O*Al 2O3 ʚ 2ʉʘʆ*SiO2 ʧʦʩʣʝʜʥʠʡ ʩʪʘʙʠʣʝʥ ʚ ʬʦʨʤʝ ɓ' ï 

ʂʉ23S12 [9]: 

 

3(K2O*Al 2O3*6Si02)+26CaCO3  = K2O*12SiO2*23CaO+ 3ʉʘʆ*Al 2O3 + 2(K2O*Al 2O3)+6 

SiO2+26CO2ŷ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʦʙʞʠʛʘ ʩʳʥʥʳʨʠʪʘ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʚʷʞʫʱʠʝ, ʘ ʪʘʢʞʝ ʢʘʢ ʜʦʙʘʚʢʠ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʛʠʜʨʘʪʘʮʠʠ ʠ ʪʚʝʨ-

ʜʝʥʠʷ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ. ɼʦʙʘʚʢʘ-ʩʧʝʢ ʷʚʣʷʝʪʩʷ ʫʩʢʦʨʠʪʝʣʝʤ ʪʚʝʨʜʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʢʣʠʥʢʝʨʥʳʭ 

ʠ ʤʘʣʦʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ, ʥʦ ʠ ʙʝʩʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʚʝʩʪʢʦʚʦ-ʧʝʨʣʠʪʦ-

ʚʦʛʦ ʚʷʞʫʱʝʛʦ (ʀʇɺ), ʧʦʣʫʯʘʝʤʦʛʦ ʧʫʪʝʤ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ ʠʟʚʝʩʪʠ, ʧʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʠ ʛʠʧ-

ʩʦʚʦʛʦ ʢʘʤʥʷ ʜʦ ʪʦʥʢʦʩʪʠ ʧʦʤʦʣʘ ʥʝ ʤʝʥʝʝ 450 ʤ2/ʢʛ. ʋʧʨʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩ 
ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʟʚʦ-

ʣʠʪ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʪʚʝʨʜʝʥʠʷ ʠ ʚ ʠʪʦʛʝ ʫʣʫʯʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʘʪʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʩʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝ-

ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ï ʙʝʪʦʥʘ. ɿʘʤʝʥʘ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʢʘʯʝʩʪʚʝ 

ʫʩʢʦʨʠʪʝʣʷ ʩʨʦʢʦʚ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʪʚʝʨʜʝʥʠʷ ʀʇɺ ʛʠʧʩʦʚʦʛʦ ʢʘʤʥʷ ʥʘ ʨʷʜ ʜʨʫʛʠʭ ʭʠʤʠʯʝʩʢʠʭ 

ʘʢʪʠʚʘʪʦʨʦʚ ʧʦʟʚʦʣʠʣʘ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʪʚʝʨʜʝʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʘʤʥʷ ʧʨʠ ʚʚʝʜʝ-

ʥʠʠ ʠʭ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʪʘʙʣ. 3).  

ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʫʩʢʦʨʝʥʠʷ ʪʚʝʨʜʝʥʠʷ ʀʇɺ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ 

ï 3-7 ʩʫʪ. ʕʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ɓ-C2S ʱʝʣʦʯʥʳʤʠ ʘʣʶʤʠʥʘ-

ʪʘʤʠ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ xR2OÅyAl2O3. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʘʣʶʤʠʥʘʪʦʚ 

ʱʝʣʦʯʴ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʨʘʩʪʚʦʨʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʧʝʨʣʠʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦʮʝʩʩʳ ʛʠʜ-

ʨʘʪʘʮʠʠ ʠ ʪʚʝʨʜʝʥʠʷ ʚʷʞʫʱʠʭ ʢʦʤʧʦʟʠʮʠʡ. 

2. ʇʦʣʫʯʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟ ʩʧʝʢʦʚ, ʩʦʜʝʨʞʘ-

ʱʠʭ ʦʢʝʨʤʘʥʠʪ Ca2Mg(Si2O7) ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʢʘʣʴʩʠʣʠʪʦʚʳʡ ʧʨʦʜʫʢʪ, ʧʫʪʝʤ ʩʧʝʢʘʥʠʷ ʩʳʥ-

ʥʳʨʠʪʦʚ ʩ ʜʦʣʦʤʠʪʦʤ CaMg(CO3)2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ t=1000-1200ÜC [10]. ʇʦʣʫʯʘʝʤʳʝ ʜʦ-

ʙʘʚʢʠ-ʩʧʝʢʠ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʠʪʝʣʝʡ ʪʚʝʨʜʝʥʠʷ ʢʣʠʥʢʝʨʥʳʭ, ʤʘ-
ʣʦʢʣʠʥʢʝʨʥʳʭ ʠ ʙʝʩʢʣʠʥʢʝʨʥʳʭ ʚʷʞʫʱʠʭ ʚʝʱʝʩʪʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ. 
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3. ʇʦʣʫʯʝʥʠʝ ʚʷʞʫʱʠʭ ʧʫʪʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʩ ʧʦʪʘʰʝʤ ʂ2CO3 

(t=700-900ÜC), ʦʩʥʦʚʥʳʤʠ ʩʚʷʟʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʤʝʪʘʩʠʣʠʢʘʪ ʠ ʘʣʶʤʠ-

ʥʘʪ ʢʘʣʠʷ ʧʦ ʨʝʘʢʮʠʠ: 

 

K2O*Al 2O3*2SiO2+2ʂ2CO3Ÿ K2O*Al 2O3+2(ʂ2ʆ*SiO2)+2CO2ŷ 
ʊʘʙʣʠʮʘ 3 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚʷʞʫʱʠʭ ʢʦʤʧʦʟʠʮʠʡ  

ʥʘ ʦʩʥʦʚʝ ʀʇɺ ʠ ʜʦʙʘʚʢʠ-ʩʧʝʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʳʥʥʳʨʠʪʘ 

 
ʂʦʣʠʯʝʩʪʚʦ 

ʜʦʙʘʚʢʠ ï 

ʩʧʝʢʘ, ʤʘʩ. 

% 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʦʙʨʘʟʮʦʚ,  

ʪʚʝʨʜʝʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ: W= 95-98%, t=20Ñ2 Áʉ ʚ ʪʝʯʝʥʠʝ, ʩʫʪ 
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21 
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357 
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392 

35 

389 
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4. ʉʦʚʤʝʩʪʥʦʝ ʩʧʝʢʘʥʠʝ ʩ ʧʦʪʘʰʝʤ ʠ ʠʟʚʝʩʪʥʷʢʦʤ ʠʟ ʨʘʩʯʝʪʘ ʧʦʣʥʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʢʨʝʤʥʝ-

ʟʝʤʘ ʚ ʜʚʫʭʢʘʣʴʮʠʝʚʳʡ ʩʠʣʠʢʘʪ ʠ ʛʣʠʥʦʟʝʤʘ ʚ ʤʦʥʦʘʣʶʤʠʥʘʪʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʚʷʞʫʱʫʶ 

ʢʦʤʧʦʟʠʮʠʶ ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʢʨʝʤʥʝʟʝʤʠʩʪʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʥʘʧʨʠʤʝʨ ʩʪʝʢʣʦʚʠʜʥʳʡ ʧʝʨ-

ʣʠʪ, ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʰʣʘʢ) ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʚʳʜʝʣʷʶʱʝʡʩʷ ʧʨʠ ʛʠʜʨʦʣʠʟʝ ʘʣʶʤʠʥʘʪʦʚ ʱʝʣʦʯʠ.  

ʌʘʢʪʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʩʧʝʢʘʥʠʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʧʦʢʘʟʳʚʘʝʪ ʥʝʧʦʣ-

ʥʦʝ ʨʘʟʣʦʞʝʥʠʝ CaCO3 ʚʩʣʝʜʩʪʚʠʝ, ʚʝʨʦʷʪʥʦ, ʝʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ.  

5. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʩʳʥʥʳʨʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʥʢʦʤʦ-

ʣʦʪʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʮʝʤʝʥʪʦʚ (ʊʄʎ), ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʤʦʣʘ ʇʎ ʠ 

ʩʳʥʥʳʨʠʪʘ ʜʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 450-500 ʤ2/ʢʛ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʳʥʥʳʨʠʪʘ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ ʩʦʩʪʘʚʣʷʝʪ 10-30 ʤʘʩ. %. ɹʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ 

ʧʦʣʫʯʝʥʠʝ ʛʘʟʦʙʝʪʦʥʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʊʄʎ-80, ʊʄʎ-90 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʳʥʥʳʨʠʪʘ (ʪʘʙʣ. 4) [11]. 
ʊʘʙʣʠʮʘ 4 

ʉʪʨʦʠʪʝʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ  

ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʟʘʧʦʣʥʠʪʝʣʷ (ʧʝʩʦʢ, ʄʢʨ=2,36) ʢ ʚʷʞʫʱʝʤʫ 1:1.  

ʈʝʞʠʤ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ ʈ=0,8 ʄʇʘ, ʚʨʝʤʷ 1+5+1 ʯ 

 
ʄʘʨʢʘ 

ʛʘʟʦʙʝ-

ʪʦʥʘ  

ʧʦ 

ʩʨʝʜʥʝʡ 

ʧʣʦʪʥʦ-

ʩʪʠ 

ʂʣʘʩʩ 

ʛʘʟʦʙʝ-

ʪʦʥʘ  

ʧʦ ʧʨʦʯ-

ʥʦʩʪʠ 

ʄʘʨʢʘ  

ʛʘʟʦʙʝʪʦʥʘ 

ʧʦ ʤʦʨʦʟʦ-

ʩʪʦʡʢʦʩʪʠ 

ʆʪʧʫʩʢ-

ʥʘʷ 

ʚʣʘʞ-

ʥʦʩʪʴ, 

% 

ʉʦʨʙʮʠʦʥ-

ʥʘʷ ʚʣʘʞ-

ʥʦʩʪʴ, 

% 

ɺʦʜʦʧʦʛʣʦʱʝ-

ʥʠʝ, 

% ʧʦ ʤʘʩʩʝ 

ʋʩʘʜʢʘ 

ʧʨʠ ʚʳ-

ʩʳʭʘʥʠʠ, 

ʤʤ /ʤ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʠ, 

ɺʪ/ʤ Üʉ 

 

 

ɼ700 ɺ3,5 F35 20 2 17 0,65 0,125 

ɼ800 ɺ 3,5 F35 20 2 17 0,65 0,139 

 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʥʢʦʤʦʣʦʪʦʡ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ - ʩʳʥʥʳʨʠʪʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʨʘʩʪʚʦʨʠʤʳʤʠ ʱʝʣʦʯʝʩʦʜʝʨʞʘʱʠʤʠ ʩʦʣʷʤʠ (ʥʘʧʨʠʤʝʨ, ʧʦʪʘʰ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʚʝʨʜʝʥʠʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʠ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʢʘʪʠʦʥʦʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ. 
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ɺʚʝʜʝʥʠʝ ʪʦʥʢʦʤʦʣʦʪʦʡ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʪʘʰʘ ʧʦʟʚʦʣʷʝʪ ʟʘʤʝʥʠʪʴ ʜʦ 

30% ʮʝʤʝʥʪʘ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʮʝʤʝʥʪʘ. 

7. ʊʝʨʤʠʯʝʩʢʦʝ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʝ ʘʢʪʠʚʠʨʦʚʘʥʠʝ ʩʳʥʥʳʨʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʩʪʨʫʢʪʫʨʳ ʩ ʚʳʜʝʣʝʥʠʝʤ ʛʠʜʨʦʣʠʨʫʶʱʠʭʩʷ ʚ ʚʦʜʝ ʧʨʦʜʫʢʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʱʝʣʦʯʥʫʶ ʩʨʝʜʫ. 

ʇʦʩʣʝʜʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʟʛʠʧʩʦʚʳʭ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʠʭ ʮʝʤʝʥ-

ʪʦʚ. ʇʨʘʚʦʤʝʨʥʦʩʪʴ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

8. ʇʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʭʝʤʳ ʢʦʤʧʣʝʢʩʥʦʡ ʛʣʫʙʦʢʦʡ ʧʝ-

ʨʝʨʘʙʦʪʢʠ ʩʳʥʥʳʨʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʭʠʤʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʚʥʝʡ ʧʨʠʨʦʜ-

ʥʳʭ ʬʣʶʩʫʶʱʠʭ ʜʦʙʘʚʦʢ [12]. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ cʝʨʥʦʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ ʩʧʝʢʦʚ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʘʨʢʘʩʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʣʴʩʠʣʠʪʘ ʩ ʧʝʨʝʭʦʜʦʤ ʚ ʨʘʩʪʚʦʨ ʠʦʥʦʚ ʘʣʶ-

ʤʠʥʠʷ, ʢʘʣʠʷ, ʧʨʠ ʵʪʦʤ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʚʳʜʝʣʷʶʪʩʷ ʦʢʩʠʜʳ ʢʨʝʤʥʠʷ ʠ ʛʠʧʩ, ʤʘʩ-

ʩʦʚʘʷ ʜʦʣʷ ʢʦʪʦʨʳʭ ʚ ʢʝʢʘʭ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 ʠ 60% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʪʚʝʨ-

ʜʳʝ ʦʪʭʦʜʳ ʦʪ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʚ ʚʠʜʝ ʛʠʧʩʘ - ʜʚʫʛʠʜʨʘʪʘ ʩʝʨʥʦʢʠʩʣʦʛʦ ʢʘʣʴʮʠʷ (CaSO4Å2H2O) 

ʠ ʦʢʩʠʜʦʚ ʢʨʝʤʥʠʷ ʜʚʫʭ ʤʦʜʠʬʠʢʘʮʠʡ ɓ-SiO2 ʠ Ŭ-SiO2 (çlow-ʢʚʘʨʮè) ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʤʦʞʥʦ 
ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ ʩʪʨʦʠ-

ʪʝʣʴʥʦʛʦ ʛʠʧʩʘ ʠ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ) ʠ ʪʝʤ ʩʘʤʳʤ ʦʨʛʘʥʠʟʦʚʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʙʝʟ-

ʦʪʭʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ-ɹʫʨʷʪʠʷ ˉ 16-45-030876 çʈʘʟʨʘʙʦʪʢʘ ʬʠʟʠʢʦ-ʭʠ-

ʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʦʣʫʯʝʥʠʷ ʙʝʩʭʣʦʨʥʳʭ ʢʘʣʠʡʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʤ-

ʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʩʳʥʥʳʨʠʪʦʚ ɹʫʨʷʪʠʠè. 
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ʧʘʨʘʪʦʨʘʭ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘ-

ʨʘʮʠʠ ʨʝʰʝʪʘʤʠ. ʉ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʥʘ ʢʘʩʢʘʜʥʳʭ ʨʝʰʝʪʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ 

ʧʨʦʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʝʰʝʪʘ ʧʨʠ ʧʦʤʦʱʠ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʦʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʨʝʰʝʪʘ - çʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʜʘʯʘè ʠ ʦʙʳʯʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʝʨʥʦʚʦʡ ʤʘ-

ʪʝʨʠʘʣ ʧʦʜʘʶʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, - çʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʜʘʯʘè. ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʧʨʠ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝ-

ʩʪʚʘ ʷʨʫʩʦʚ ʨʝʰʝʪ ʚ ʢʘʩʢʘʜʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʨʠ çʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘ-

ʛʨʫʟʢʠè ʚ ʢʘʩʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʪʘʥʝ, ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʷʨʫʩʦʚ ʨʝʰʝʪ ʥʘ 35...42 % ʠ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ ʚ 1,3...1,5 ʨʘʟʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ, 

ʢʘʩʢʘʜʥʳʡ ʨʝʰʝʪʥʳʡ ʩʝʧʘʨʘʪʦʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʩʧʦʩʦʙ ʧʦʜʘʯʠ ʟʝʨʥʦʚʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ. 
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INTENSIFICATION OF THE SEPARATION PROCESS  

FOR CASCADE SIEVE SEPARATOR 

 
The article deals with the intensification of the separation process in the cascade sieve separators. The 

efficiency of separation of fine and short admixtures under different loading grain material. 

The article deals with the intensification of the separation process in the cascade sieve separators. The 

intensity of the screening is important when considering the process of separation sieves. In order to intensify 

the separation process to cascade sieve separators conducted comparative studies of a method of supplying 

material to a sieve with an additional divider sieve "vertical feed" and the conventional method in which the 

grain material is fed horizontally "horizontal feed". Analysis research has shown that the effectiveness of small 

and short release of impurities during the "vertical load" with the number of tiers in a cascade of sieves in-

creases more than the "horizontal load". The experimental studies have confirmed that the use of "vertical 

load" in the cascade sieve, the number of tiers of sieves at 35 ... 42% and improve the performance of the 

separators in 1,3 ... 1,5 times. 

Key words: grain material, process intensification, the intensity of screening, cascade sieve separator, 

separation efficiency of impurities, a method of supplying grain material. 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʪʦʯʥʳʭ ʤʘʰʠʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʦʚ ʩʝʧʘʨʘʮʠʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʩʝʧʘʨʘʪʦ-

ʨʦʚ, ʨʘʟʜʝʣʷʶʱʠʭ ʟʝʨʥʦʚʳʝ ʩʤʝʩʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʩʝʠʚʘʥʠʷ [1]. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠ-

ʚʘʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʨʝʰʝʪʘʤʠ. ʇʦʜʦʙʥʦ 

ʪʦʤʫ, ʢʘʢ ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʝ ʩʢʦʨʦʩʪʴʶ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝ-

ʤʝʥʠ, ʪʘʢ ʠ ʧʨʦʮʝʩʩ ʧʨʦʩʝʠʚʘʥʠʷ ʯʘʩʪʠʮ ʯʝʨʝʟ ʨʝʰʝʪʦ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ-

ʩʪʴʁ ʧʨʦʩʝʠʚʘʥʠʷ. 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʫʥʠʚʝʨ-

ʩʘʣʴʥʳʭ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʳʭ ʢʘʩʢʘʜʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ, ʩʝʧʘʨʠʨʫʶʱʠʭ ʧʦ ʧʨʠʟʥʘʢʫ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʨʦʩʝʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʳʜʝʣʝʥʠʝ ʟʘ ʦʜʥʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʙʦʣʝʝ 

60é70 % ʟʝʨʥʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʪʨʝʙʦʚʘʥʠʷʤ ʙʘʟʠʩʥʳʭ ʢʦʥʜʠʮʠʡ ʥʘ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ ʟʝʨʥʦ, 

ʠʣʠ ʙʦʣʝʝ 50é60 % ʩʝʤʷʥ, ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʩʪʘʥʜʘʨʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠ-

ʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʫʤʝʥʴʰʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʤʘʰʠʥ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʚ ʣʠʥʠʠ, ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʦʨʪʠʨʦʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʠ ʩʝʤʷʥ.  

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ, 

ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʟʝʨʥʦʚʦʢ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳ-

ʚʘʶʪ ʩʫʤʤʘʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʯʘʩʪʠʮ Õ(t), ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ [2]. ʇʝʨʚʫʶ ʛʨʫʧʧʫ ʩʦ-

ʩʪʘʚʣʷʶʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʧʨʠʟʥʘʢʠ) ʯʘʩʪʠʮ  a1, a2, é, aʢ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʦʨʜʠʥʘʪʳ ʚʝʢʪʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʘ ʚ ʢ-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ:  ʘ=( a1, a2, é, aʢ). 

ʇʨʠʟʥʘʢʠ a1, a2, é, aʢ ʦʮʝʥʠʚʘʶʪ ʚʩʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʜʣʷ ʧʨʦʩʝʠʚʘʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʟʝʨʥʦʚʦʢ, ʪʘʢʠʝ ʢʘʢ ʨʘʟʤʝʨʳ, ʬʦʨʤʘ, ʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʫʧʨʫʛʦʩʪʴ ʠ ʜʨ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ï ʧʘʨʘʤʝʪʨʳ ʨʝʰʝʪʘ ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʦʤ ʧʨʠʟʥʘʢʦʚ b=(b1, b2, é, bm). 

ʇʘʨʘʤʝʪʨʘʤʠ b1,é, bm ʦʮʝʥʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʨʝʰʝʪʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʩʝʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʰʝʪʘ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʡ, ʠʭ ʨʘʟʤʝ-

ʱʝʥʠʝ, ʬʘʢʪʦʨʳ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʨʝʰʝʪʘ, ʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʝʛʦ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠ ʜʨ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʢ+m-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥ-

ʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ: 

                                                             Õ(t)= F (a1,é,an, b1,..., bm).                                                       (1) 

ɿʝʨʥʦʚʳʝ ʩʤʝʩʠ, ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʧʦʩʣʝʫʙʦʨʦʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʤ-

ʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʛʨʫʧʧʫ a, ʠʟʤʝʥʝʥʠ ̫ʢʦʪʦʨʳʭ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʢʘʩʢʘʜʥʳʭ ʨʝ-

ʰʝʪʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʭ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʉ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʝʧʘʨʘʮʠʠ ʥʘ ʢʘʩʢʘʜʥʳʭ ʨʝʰʝʪʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʧʨʦ-

ʚʝʣʠ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʨʝʰʝʪʘ ʧʨʠ ʧʦʤʦʱʠ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʨʝʰʝʪʘ çʚʝʨʪʠʢʘʣʴʥʘʷ ʧʦʜʘʯʘè, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘʜ ʚʝʨʭʥʠʤ ʨʝʰʝʪʦʤ 

ʢʘʩʢʘʜʥʦʛʦ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ, ʠ ʦʙʳʯʥʦʛʦ ʩʧʦʩʦʙʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ ʧʦ-

ʜʘʶʪ ʩʨʘʟʫ ʥʘ ʚʝʨʭʥʝʝ ʨʝʰʝʪʦ ʢʘʩʢʘʜʥʦʛʦ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ çʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʦʜʘʯʘè. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʦʡ (ʢʦʨʦʪʢʦʡ) ʠ ʢʨʫʧʥʦʡ (ʜʣʠʥʥʦʡ) ʧʨʠʤʝʩʝʡ ʦʧʨʝʜʝ-

ʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ ɺ.ɻ. ʠ ɻ.ɺ. ʅʴʶʪʦʥʦʚ: 

                                                                     E=max|Ů(i) ï Ů(0)|,                                                           (2) 

ʛʜʝ Ů(i) - ʧʦʣʥʦʪʘ ʧʨʦʩʝʠʚʘʥʠʷ ʤʝʣʢʦʡ (ʢʦʨʦʪʢʦʡ) ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʨʫʧʥʦʡ (ʜʣʠʥʥʦʡ) ʧʨʠ-

ʤʝʩʠ; Ů(0) - ʧʦʣʥʦʪʘ ʧʨʦʩʝʠʚʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʟʝʨʥʘ.  

ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʧʦʢʘʟʳʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʪʫ ʚʳʜʝʣʝʥʠʷ 

ʤʝʣʢʠʭ, ʢʨʫʧʥʳʭ ʧʨʠʤʝʩʝʡ, ʥʦ ʠ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʛʦ ʟʝʨʥʘ ʚ ʦʪʭʦʜʳ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʧʦʢʘʟʘʣʦ ʠʭ ʭʦʨʦʰʝʝ ʩʦ-

ʦʪʚʝʪʩʪʚʠʝ (ʨʠʩ. 1). 

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʥʘ ʨʝʰʝʪʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ ʜʠʘʤʝʪʨʦʤ 6,5 ʤʤ ʧʨʠ ʧʦʜʘʯʝ 

15...30 ʪ/ʯĀʤ, ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ʨʝʰʝʪʥʦʛʦ ʩʪʘʥʘ 40...80 ʩ-1, ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 7...9 ʤʤ, ʫʛʣʝ 

ʥʘʢʣʦʥʘ ʨʝʰʝʪʘ 6...8Á. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠ ʥʘ ʟʝʨʥʦʚʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʦʜʝʨʞʘʱʝʤ 91,2% 

ʯʠʩʪʦʛʦ ʟʝʨʥʘ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ʄʠʨʦʥʦʚʩʢʘʷ-808, 4,3% ʤʝʣʢʦʡ, 4,7% ʢʦʨʦʪʢʦʡ ʠ 3,7% ʜʣʠʥʥʦʡ 

ʧʨʠʤʝʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʣʢʦʡ ʠ ʢʦʨʦʪʢʦʡ ʧʨʠʤʝʩʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʯʘʩʪʠʮʳ ʟʝʨʥʦʚʦʢ ʧʰʝʥʠʮʳ, 

ʨʘʩʢʦʣʦʪʳʭ ʚʜʦʣʴ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʧʝʨʝʢ, ʘ ʜʣʠʥʥʳʭ ʧʨʠʤʝʩʝʡ - ʩʝʤʝʥʘ ʦʚʩʘ. ɺʣʘʞʥʦʩʪʴ 

ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 14,5%. ʄʘʩʩʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʦʧʳʪʘʭ ʤʘʪʝʨʠʘʣʘ 150 ʢʛ. 
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ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʢʘʩʢʘʜʥʳʤ ʨʝʰʝʪʥʳʤ ʩʝʧʘʨʘʪʦʨʦʤ  

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʷʨʫʩʦʚ ʨʝʰʝʪ (ʘ) ʠ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ (ʙ) ʧʨʠ ʨʘʟʥʳʭ ʩʧʦʩʦʙʘʭ ʟʘʛʨʫʟʢʠ:  

1 - ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ; 2 - ʚʝʨʪʠʢʘʣʴʥʘʷ ʟʘʛʨʫʟʢʘ. ʃʠʥʠʠ - ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ;  

ʪʦʯʢʠ - ʵʢʩʧʝʨʠʤʝʥʪ; D - ʤʝʣʢʘʷ ʧʨʠʤʝʩʴ;  

ǒ ï ʢʦʨʦʪʢʘʷ ʧʨʠʤʝʩʴ,;  - ʜʣʠʥʥʘʷ ʧʨʠʤʝʩʴ (ʦʚʝʩ) 

 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʩʣʫʯʘʡʥʦʡ ʦʰʠʙʢʠ ʦʧʳʪʘ (5%). ʆʥʘ ʩʦʩʪʘʚ-

ʣʷʝʪ, %: ʤʝʣʢʠʭ ʯʘʩʪʠʮ - 4,9 , ʢʦʨʦʪʢʠʭ ʯʘʩʪʠʮ - 4,3 ʠ ʜʣʠʥʥʳʭ (ʦʚʩʘ) - 3,8. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʝʣʢʠʭ ʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝ-

ʩʝʡ ʧʨʠ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʷʨʫʩʦʚ ʨʝʰʝʪ ʚ ʢʘʩʢʘʜʝ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʧʨʠ çʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʤʝʣʢʦʛʦ ʠ ʢʦʨʦʪʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʥʘ ʢʘʩʢʘʜʝ ʨʝʰʝʪ ʠʟ 12 ʷʨʫʩʦʚ 

ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ - 0,92, ʢʦʪʦʨʘʷ ʧʨʠ çʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʜʦʩʪʠʛʘʝʪʩʷ ʪʦʣʴ-

ʢʦ ʥʘ ʢʘʩʢʘʜʝ ʠʟ 20 ʨʝʰʝʪ (ʨʠʩ. 1 ʘ). ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʜʣʠʥʥʳʭ ʧʨʠ-

ʤʝʩʝʡ ʧʨʠ çʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʥʘ ʢʘʩʢʘʜʝ, ʩʦʜʝʨʞʘʱʝʤ ʜʘʞʝ 25 ʨʝʰʝʪ, ʥʝ ʧʨʝʚʳʰʘʝʪ 

0,85, ʯʪʦ ʧʨʠ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝè ʜʦʩʪʠʛʘʝʪʩʷ ʫʞʝ ʧʨʠ 8...9 ʨʝʰʝʪʘʭ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʩʢʘʜʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ 

ʤʝʣʢʠʭ ʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʢʘʢ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʟʘʛʨʫʟʢʘʭ, ʧʨʠʯʝʤ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʩʧʦʩʦʙʦʚ ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʝʧʘʨʘʪʦʨʘ ʨʘʩʪʝʪ (ʨʠʩ. 1 ʙ). ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʜʝʣʝ-

ʥʠʷ ʤʝʣʢʠʭ ʠ ʢʦʨʦʪʢʠʭ ʧʨʠʤʝʩʝʡ ʢʘʩʢʘʜʥʳʤ ʩʝʧʘʨʘʪʦʨʦʤ, ʩʦʩʪʦʷʱʠʤ ʠʟ 15 ʷʨʫʩʦʚ, ʧʨʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 15 ʪ/ʯĀʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʩʦʩʪʘʚʣʷʝʪ 0,83...0,85, ʢʦʪʦʨʫʶ ʧʨʠ ʚʝʨ-

ʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʝ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʧʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 25 ʪ/ʯ. 

ʰʪ. 
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ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ çʚʝʨʪʠ-

ʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠè ʚ ʢʘʩʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʪʘʥʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʷʨʫʩʦʚ ʨʝ-

ʰʝʪ ʥʘ 35...42% ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ ʚ 1,3...1,5 ʨʘʟʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠè ʧʨʦʚʦʜʠʣʠ 

ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ - ʢʘʩʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʝʧʘʨʘʪʦʨʝ (ʨʠʩ. 2).  

 

 
 

ʈʠʩʫʥʦʢ 2 - ʆʙʱʠʡ ʚʠʜ ʢʘʩʢʘʜʥʦʛʦ ʨʝʰʝʪʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ 

 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʩʝʠʚʘʝʤʦʩʪʠ ʨʘʟʜʝʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʘ ʨʝʰʝʪʘʭ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʢʘʩʢʘʜʥʳʭ ʩʝʧʘʨʘʪʦʨʘʭ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ ʨʘʙʦʪʳ ʨʝʰʝʪ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʥʦʪʫ ʧʨʦʩʝʠʚʘʥʠʷ ʝʝ ʦʜʥʦʨʦʜʥʳʭ ʯʘʩʪʠʮ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟʝʨʥʦʚʦʡ ʩʤʝʩʠ 

ʧʦ ʜʣʠʥʝ ʦʜʥʦʨʦʜʥʦʛʦ ʨʝʰʝʪʘ ʧʨʠ ʧʦʜʘʯʝ ʤʘʪʝʨʠʘʣʘ ʩʣʦʝʤ ʥʝʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ, ʢʦʪʦʨʘʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ: 

                                                                      Ů i = 1 ï e -Õix,                                                                (3) 

ʛʜʝ Õi - ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʜʤ-1; x ï ʜʣʠʥʘ ʨʝʰʝʪ, ʜʤ. 

ʀʟ (3) ʥʘʭʦʜʠʤ: 

                                                                 Õi = -1/x ln(1- Ů i).                                                            (4) 

ɽʩʣʠ ʚ ʬʦʨʤʫʣʫ (4) ʧʦʜʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʟʥʘʯʝʥʠʷ ʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʝ ʠʤ ʟʥʘʯʝʥʠʷ Ůi, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ ʥʘ ʥʘʯʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝ-

ʰʝʪʘ ʜʣʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʤʘʢʩʠʤʘʣʴʥʘʷ, ʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʘʯʘʣʘ ʨʝʰʝʪʘ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʤʝʩʴ ʠ ʦʩʥʦʚʥʦʝ ʟʝʨʥʦ ʥʝʦʜʥʦʨʦʜʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʟʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠʤʝʶʱʠʝ ʨʘʟʣʠʯʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʧʨʦʩʝʠʚʘʥʠʷ ʥʘ ʢʘʩʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʝʧʘʨʘʪʦʨʝ. 

 

ɺʳʚʦʜʳ 

ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʘʩʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʝʧʘʨʘ-

ʪʦʨʝ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʤʝʣʢʠʝ, ʢʦʨʦʪʢʠʝ ʠ ʜʣʠʥʥʳʝ ʧʨʠʤʝʩʠ ʟʘ ʦʜʥʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ.  
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ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ çʚʝʨʪʠʢʘʣʴʥʦʡ ʟʘʛʨʫʟʢʠè ʚ ʢʘʩ-

ʢʘʜʥʦʤ ʨʝʰʝʪʥʦʤ ʩʪʘʥʝ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʷʨʫʩʦʚ ʨʝʰʝʪ ʥʘ 35...42% ʠ ʧʦʚʳ-

ʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʧʘʨʘʪʦʨʦʚ ʚ 1,3...1,5 ʨʘʟʘ. 
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ʛ. ʋʣʘʥ-ʋʜʵ 

 

ʋɼʂ 338.49 

 

ʀʅɺɽʉʊʀʎʀʆʅʅɸʗ ʉʊʈɸʊɽɻʀʗ ʀ ʈɸɿɺʀʊʀɽ ʀʅʌʈɸʉʊʈʋʂʊʋʈʓ ʈɽɻʀʆʅɸ 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ (ʥʘ ʧʨʠʤʝʨʝ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ). ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʳʝ ʧʨʦʝʢʪʳ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ, ʨʝʛʠʦʥʘʣʴʥʦʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚ-

ʥʷʭ ʠʩʧʳʪʳʚʘʶʪ ʥʝʜʦʩʪʘʪʦʢ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʰʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ 

ʧʨʦʙʣʝʤ: ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʳ. 

ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘ-

ʪʝʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʝʜʦʩʪʘʪʦʯʥʳʝ ʚʣʦʞʝʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦ-

ʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠ-

ʚʣʝʯʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦ ʬʝʜʝʨʘʣʴʥʳʤ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤ ʮʝʣʝʚʳʤ ʧʨʦʛʨʘʤʤʘʤ ʠ ʬʝʜʝʨʘʣʴʥʦʡ ʘʜʨʝʩʥʦʡ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʘ ʪʘʢʞʝ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ʥʘ ʫʩʣʦʚʠʷʭ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʚʝʩʪʠʮʠʠ, ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʩʪʨʘʪʝʛʠʷ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʝ ʨʘʟʚʠʪʠʝ, ʨʝ-

ʛʠʦʥ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʠʥʝʛʨʘʣʴʥʳʝ ʠʥʜʝʢʩʳ. 

 

S.Zh. Dagdanova, Head Engineer,  

B.B. Sharaldaev, Dr. Sc. Economics, Prof. 

 

INVESTMENT STRATEGY AND DEVELOPMENT  

OF THE REGIONôS INFRASTRUCTURE 

 
The article discusses need and efficiency of investment strategyôs creation of the regionôs infrastructure 

development (on the example of the Republic of Buryatia). There is a lack of financial resources to address 

the most complex territorial problems such as reconstruction of housing, road infrastructure, development of 

education and medicine at the state, regional and municipal levels in modern conditions. The assessment 

method based on the infrastructureôs integral index is developed to determine the level of infrastructure pro-

gress in the region. It is revealed that insufficient investment into infrastructure is the most significant con-

straint on the region's economic development, which requires maximum utilization of funds at the federal and 

regional target programs and federal targeted investment program, as well as funds of private investors in 

public-private partnership. 

Key words: investments, investment strategy, infrastructure development, region, state regulation, inte-

gral indices. 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʙʣʝʤʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʨʝʛʠʦʥʦʚ ʦʩʪʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ, ʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʦʙʲʝʢʪʠʚʥʳʤʠ ʚʥʝʰʥʠʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʚ ʩʘʤʦʡ ʩʠ-

ʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʦʠʩʭʦʜʷʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʣʥʦʤʦʯʠʡ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ 

ʚʣʘʩʪʠ, ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʶʜʞʝʪʘ, ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʥʠʟʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠʥʚʝʩʪʠ-

ʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʥʝʦʙʭʦʜʠʤʦʡ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʢ ʩʦ-

ʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ, ʦʩʦʙʝʥʥʦ ʥʘ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʫʨʦʚʥʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ 
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ʜʝʣʝʥʠʷ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʩʥʦʚʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʧʦʜʩʠ-

ʩʪʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʤʝʥʥʦ ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʫʩʣʦʚʠʡ ʚ ʨʝʛʠʦʥʘʭ ʟʘʚʠʩʪ̫ 

ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ. ʇʦʵʪʦʤʫ ʠʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ ʷʚʣʷʪʁʩʷ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ, ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʚʠʞʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʪʦʚʘʨʦʚ, ʪʨʫʜʦʚʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʠʥʬʦʨʤʘʮʠʠ), ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʦʪʨʘʩʣʠ, ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ, ʨʦʩʪ ʧʦ-

ʪʨʝʙʠʪʝʣʴʩʢʦʛʦ ʩʧʨʦʩʘ, ʘ ʪʘʢʞʝ ʩʦʜʝʡʩʪʚʫʝʪ ʨʦʩʪʫ ʥʘʣʦʛʦʚʳʭ ʧʦʩʪʫʧʣʝʥʠʡ ʚ ʙʶʜʞʝʪʳ ʨʘʟʥʳʭ 

ʫʨʦʚʥʝʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʚ ʨʘʟʚʠʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʟʚʝʥʦʤ ʩʪʨʫʢʪʫʨʳ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʙʝʟ ʢʦʪʦ-

ʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʫʩʧʝʰʥʦʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʝʝ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ. ʅ.ɺ. ʐʠʨʷʝʚʘ 

ʧʦʜ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ çʩʠʩʪʝʤʫ ʜʦʣʛʦʩʨʦʯʥʳʭ ʮʝʣʝʡ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʦʙʱʠʤʠ ʟʘʜʘʯʘʤʠ ʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʦʡ ʠʜʝʦʣʦʛʠʝʡ, ʘ ʪʘʢʞʝ ʚʳʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʠʭ ʜʦʩʪʠʞʝʥʠʷè [1]. ɺ.ɺ. ɹʦʯʘ-

ʨʦʚ ʠʥʚʝʩʪʠʮʠʦʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ çʜʦʣʛʦʚʨʝʤʝʥʥʳʡ ʢʫʨʩ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʦʣʠ-

ʪʠʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʠ ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʝʰʝʥʠʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʟʘʜʘʯ 

ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷè [2]. ʀ.ɸ. ɹʣʘʥʢ ʧʦʜ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʥʠʤʘʝʪ çʛʝʥʝʨʘʣʴ-

ʥʳʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ (ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ) ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ, ʚʳʜʝʣʷʷ ʝʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ: 

ʜʦʣʛʦʩʨʦʯʥʳʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʮʝʣʠ; ʧʫʪʠ ʠʭ ʜʦʩʪʠʞʝʥʠʷ; ʠʥʦʩʪʨʘʥʥʳʡ ʢʘʧʠʪʘʣ; ʫʩʣʦʚʠʷ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ; ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ ʦʪʥʦʰʝʥʠʷè [3]. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʩʪʨʘ-

ʪʝʛʠʷ ï ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʬʠʥʘʥʩʦʚʳʭ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʠʥʚʝʩʪʠʮʠʦʥʥʳʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ ʨʝʛʠʦʥʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʚ ʧʦʢʘʟʘʪʝʣʷʭ ʧʦʚʳʰʝʥ-

ʥʦʡ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ.  

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʬʝ-

ʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʫʯʝʪʘ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʭ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʛʠʦʥʦʚ ʧʨʦʚʦʜʷʪ ʩʦʙʩʪʚʝʥʥʫʶ ʵʢʦ-

ʥʦʤʠʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ, ʩʪʘʚʷʪ ʩʦʙʩʪʚʝʥʥʳʝ ʮʝʣʠ ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʜʦʩʪʠʛʘʶʪ ʠʭ. ʈʝ-

ʛʫʣʠʨʦʚʘʥʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʨʝʛʠʦʥʘʭ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠ-

ʪʠʢʠ ʛʦʩʫʜʘʨʩʪʚʘ ʚ ʮʝʣʦʤ ʠ ʢʘʞʜʦʛʦ ʠʟ ʨʝʛʠʦʥʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ [4]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʨʠʩ. 1). 

ʀʥʚʝʩʪʠʮʠʠ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʨʝʛʠʦʥʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʚʘʞʥʝʡʰʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦ-

ʟʜʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʪʘʢʞʝ 

ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʧʨʠʥʷʪʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʧʨʦʩ 

ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʀʥʚʝʩʪʠʮʠʦʥʥʫʶ ʩʠʪʫʘʮʠʶ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜ-

ʜʝʨʞʢʠ. ɺ ɹʫʨʷʪʠʠ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʠʤʝʶʱʠʤʠʩʷ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩ-

ʥʳʤ, ʪʫʨʠʩʪʠʯʝʩʢʠʤ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʤ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʈʘʟʥʠʮʘ ʧʦʪʝʥʮʠʘʣʦʚ ï ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʵʢʦʥʦʤʠʢʠ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʣʦʞʝʥʠʷʭ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ʀ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ɹʫʨʷʪʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʚʳʩʦʢʠʡ ʨʝʡʥʪʠʛ ʧʦ ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩ-

ʥʦʤʫ (10-ʝ ʤʝʩʪʦ ʚ ʈʌ) ʠ ʪʫʨʠʩʪʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʘʤ (15-ʝ ʤʝʩʪʦ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʥʠʟʢʠʤ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (79-ʝ ʤʝʩʪʦ) [5]. ʈʘʟʨʳʚ ʤʝʞʜʫ ʥʠʤʠ ʠ ʬʦʨʤʠʨʫʝʪ ʧʨʦʙʣʝʤʫ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ, ʥʘʧʨʠʤʝʨ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʫʨʠʩʪ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʜʝʨʞʠʚʘʝʪʩʷ ʥʝʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ.  
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ʈʠʩʫʥʦʢ 1 ï ʄʝʪʦʜʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʉʦʚʨʝʤʝʥʥʘʷ ʠʥʚʝʩʪʠʮʠʦʥʥʘʷ ʧʦʣʠʪʠʢʘ ʨʝʛʠʦʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʦʙʝʩʧʝʯʝ-

ʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʪʝʤʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʚ 

ʈɹ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩ 48,8% ʚ 2005 ʛ. 

ʜʦ 37,7% ʚ 2014 ʛ. (ʪʘʙʣ. 1). ʇʨʠʚʣʝʯʝʥʥʳʭ ʦʙʲʝʤʦʚ ʠʥʚʝʩʪʠʮʠʡ ʚ ʵʢʦʥʦʤʠʢʫ ʨʝʛʠʦʥʘ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʬʦʥʜʦʚ, ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʡ ʥʝ ʩʦʚʧʘʜʘʶʪ ʩʦ ʩʨʦʢʦʤ ʠʟ-

ʥʦʩʘ, ʧʦ ʦʪʜʝʣʴʥʳʤ ʦʪʨʘʩʣʷʤ (ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʢʦʤʤʫʥʘʣʴʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʦʙʨʘʟʦʚʘʥʠʝ) ʠʟ-

ʥʦʩ ʜʦʩʪʠʛʘʝʪ 50-60%. 

ʊʘʙʣʠʮʘ 1 

ʉʪʨʫʢʪʫʨʘ ʠʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ ʢʘʧʠʪʘʣ ʧʦ ʠʥʩʪʦʯʥʠʢʘʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, % 

 

ʇʦʢʘʟʘʪʝʣʠ  
2005 ʛ. 2010 ʛ. 2011 ʛ. 2012 ʛ. 2013 ʛ. 2014 ʛ. 

ʈʌ ʈɹ ʈʌ ʈɹ ʈʌ ʈɹ ʈʌ ʈɹ ʈʌ ʈɹ ʈʌ ʈɹ 

ʀʥʚʝʩʪʠʮʠʡ ʚ ʦʩʥʦʚʥʦʡ 

ʢʘʧʠʪʘʣ, ʚʩʝʛʦ 
100 100 100 100 100 100 100 100 100 100 100 100 

ʚ ʪʦʤ ʯʠʩʣʝ ʬʠʥʘʥʩʠʨʫ-

ʝʤʳʝ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥ-

ʥʳʭ ʩʨʝʜʩʪʚ 

44,5 48,8 41 31,6 41,9 26,7 44,5 34 45,2 33,8 45,8 37,7 

ʟʘ ʩʯʝʪ ʧʨʠʚʣʝʯʝʥʥʳʭ 

ʩʨʝʜʩʪʚ 
55,5 51,2 59 68,4 58,1 73,3 55,5 66 54,8 66,2 54,2 62,3 

ʠʟ ʥʠʭ ʢʨʝʜʠʪʳ ʙʘʥʢʦʚ 8,1 9,5 9 1,3 8,6 6,9 8,4 9,6 10 4,9 10,6 2,7 

ʩʨʝʜʩʪʚʘ ʢʦʥʩʦʣʠʜʠʨʦ-

ʚʘʥʥʦʛʦ ʙʶʜʞʝʪʘ 
20,4 25,3 19,5 33,6 19,2 36,4 17,9 38,7 19 35,6 17 38,7 

ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʬʝʜʝ-

ʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 
7 16 10 14,2 10,1 23,1 9,7 26,7 10 24,2 9,1 23,6 

ʠʟ ʙʶʜʞʝʪʘ ʩʫʙʲʝʢʪʘ 

ʈʌ ʠ ʤʝʩʪʥʳʭ ʙʶʜʞʝ-

ʪʦʚ 

12,3 8,8 8,2 16,2 7,9 12,7 7,1 9,2 7,5 9 6,4 11,5 

ɺʳʜʝʣʝʥʠʝ  

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ  

ʢʨʝʜʠʪʦʚ, ʩʫʙʩʠʜʠʡ  

ʠ ʙʶʜʞʝʪʥʳʭ ʛʘʨʘʥʪʠʡ 

ʊʘʤʦʞʝʥʥʦʝ  

ʠ ʘʤʘʨʪʠʟʘʮʠʦʥʥʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʧʣʘʥʠʨʦʚʘʥʠʝ  

ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ɿʘʢʦʥʦʜʘʪʝʣʴʥʦʝ  
ʠ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʝ 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ 
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ɺʟʘʠʤʦʩʚʷʟʴ ʠʥʚʝʩʪʠʮʠʡ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʨʝʛʠʦʥʘ ʧʦʟʚʦ-

ʣʷʁʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠ ʯʘʩʪʥʦʛʦ 

ʢʘʧʠʪʘʣʘ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ, ʚʳʙʦʨ ʤʝʩʪʦʧʦʣʦʞʝ-

ʥʠʷ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʘ ʨʘʟʚʠʪʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʝʢʪʦ-

ʨʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʩʦʦʪʥʦʰʝʥʠʝ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʩʫʱʝʩʪʚʫʶ-

ʱʠʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ ʩʪʘʣʢʠʚʘ-

ʝʤʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʝʰʝʥʠʷ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ (ʨʠʩ. 2). ɸʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʤʦʜʝʨʥʠ-

ʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: 1) ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʨʘʟ-

ʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ; 2) ʚʳʙʦʨ ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘ-

ʮʠ̫; 3) ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʥʦʰʝʥʠʷ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʢʘʢ ʦʙʱʝʩʪʚʝʥʥʦʤʫ (ʠʣʠ ʯʘʩʪʥʦʤʫ) ʙʣʘʛʫ; 

4) ʨʘʟʨʘʙʦʪʢʘ ʥʘʧʨʘʚʣʝʥʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ; 5) ʢʦʥ-

ʪʨʦʣʴ ʠ ʨʝʘʣʠʟʘʮʠʷ. 

 
ʈʠʩʫʥʦʢ 2 ï ɸʣʛʦʨʠʪʤ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʀʥʚʝʩʪʠʮʠʦʥʥʳʝ ʩʪʨʘʪʝʛʠʠ ʦʧʨʝʜʝʣʷʶʪ ʧʨʠʦʨʠʪʝʪʳ ʠ ʦʙʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʦʨʛʘʥʦʚ ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ, ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʣʘʛʦ-

ʧʨʠʷʪʥʦʛʦ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʢʣʠʤʘʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʚʣʝʯʝʥʠʶ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ, 

ʩʨʝʜʩʪʚ ʬʝʜʝʨʘʣʴʥʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʶʜʞʝʪʦʚ ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʧʨʠʦʨʠʪʝʪʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥ-

ʥʳʭ ʧʨʦʝʢʪʦʚ. ʉ ʫʯʝʪʦʤ ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʩʪʨʘʪʝʛʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠʥʬʨʘ-

ʩʪʨʫʢʪʫʨʥʳʭ ʧʨʦʝʢʪʦʚ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʪʘʨʠʬʦʚ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʫʛʠ, ʥʘʙʣʶʜʘʚ-

ʰʘʷʩʷ ʚ ʈʦʩʩʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʷʚʣʷʝʪʩʷ ʥʝɻʬʬʝʢʪʠʚʥʦʡ [6]. ɺ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ 

ʨʦʣʴ ʛʦʩʫʜʘʨʩʪʚʘ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʠʥʚʝʩʪʦʨʘ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʜʣʷ ʙʘʟʦʚʳʭ ʞʠʟʥʝ-

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʥʝʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʯʘʩʪʥʦʛʦ ʢʘʧʠ-

ʪʘʣʘ, ʘ ʪʘʢʞʝ ʦʪʨʘʩʣʝʡ, ʠʤʝʶʱʠʭ ʙʦʣʴʰʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʦʩʦʙʦʡ ʧʦʜʜʝʨʞʢʦʡ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦʣʴʟʫʶʪʩʷ ʦʪʨʘʩʣʠ ʥʝʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʝ ʧʦʚʳʰʝʥʠʶ ʥʘʫʢʦʝʤʢʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʦʚʘʨʦʚ. ɺ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦ-

ʤʠʢʝ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʢʪʠʚʠʟʘʮʠʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʨʦʣʠ ʛʦʩʫʜʘʨʩʪʚʘ ʫʩʠʣʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʯʘʩʪʥʳʡ ʢʘʧʠʪʘʣ ʚ ʩʠʣʫ ʦʙʲʝʢʪʠʚʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʥʝ ʥʘʧʨʘʚʣʷʝʪʩʷ 

ʚ ʩʦʮʠʘʣʴʥʫʶ ʩʬʝʨʫ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʷʜʘ ʦʪʨʘʩʣʝʡ) ʠ ʝʝ ʠʥʚʝʩʪʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ-

ʯʪʠ ʮʝʣʠʢʦʤ ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʜʘʣʴ-

ʥʝʡʰʝʝ ʩʦʢʨʘʱʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ [7]. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʚʟʘʠʤʦʫʚʷʟʘʥ ʠ ʚʥʫʪ-

ʨʝʥʥʝ ʩʦʛʣʘʩʦʚʘʥ. ʇʨʘʚʠʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʮʝʣʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠ ʧʦʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢ ʠʭ ʨʝʘʣʠʟʘʮʠʠ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʝʛʦ ʦʩʥʦʚʥʦʡ 

ʮʝʣʠ ï ʜʦʩʪʠʞʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪʘʭ [8]. ʇʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ ʩʦʭʨʘʥʷʝʪ ʩʚʦʝ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥ-

ʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ ʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʨʝʛʠʦʥʘ ʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʫ ʨʝʛʠʦʥʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠ ̫ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʠʥʚʝʩʪʠʮʠʦʥʥʳʡ ʢʣʠʤʘʪ. 

ʂʦʥʪʨʦʣʴ 

ʠ ʨʝʘʣʠʟʘʮʠʷ 

ʈʘʟʨʘʙʦʪʢʘ  

ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ 

ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʌʦʨʤʠʨʦʚʘʥʠʝ  

ʦʪʥʦʰʝʥʠʷ  

ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ 

ʢʘʢ ʦʙʱʝʩʪʚʝʥ-

ʥʦʤʫ (ʠʣʠ ʯʘʩʪ-

ʥʦʤʫ) ʙʣʘʛʫ 

ɺʳʙʦʨ  

ʧʨʠʦʨʠʪʝʪʦʚ 

ʨʘʟʚʠʪʠʷ 

ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 
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ɼʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝ-

ʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʚʢʣʶʯʘʶʱʝʛʦ ʛʨʫʧʧʳ ʧʦʢʘʟʘʪʝʣʝʡ ʪʨʘʥʩʧʦʨʪʘ, ʩʚʷʟʠ, 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ, ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʡ ʩʬʝʨʳ, ʦʙʨʘʟʦʚʘʥʠʷ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʢʫʣʴʪʫʨʳ 

ʠ ʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʬʝʨʫ ʪʦʨʛʦʚʣʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ ʟʘʥʠʤʘʝʪ 10-ʝ ʤʝʩʪʦ ʩʨʝʜʠ ʨʝʛʠ-

ʦʥʦʚ ʉʠʙʠʨʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʦʢʨʫʛʘ (ʉʌʆ) ʧʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ (ʪʘʙʣ. 2). 
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ʈʝʛʠʦʥʳ ʉʌʆ 

2010 ʛ. 2014 ʛ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ  

ʠʥʜʝʢʩ  

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʈʝʡʪʠʥʛ ʀʥʪʝʛʨʘʣʴʥʳʡ  

ʠʥʜʝʢʩ  

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʈʝʡʪʠʥʛ 

ʈʝʩʧʫʙʣʠʢʘ ɸʣʪʘʡ 0,82 11 0,76 11 

ʈʝʩʧʫʙʣʠʢʘ ɹʫʨʷʪʠʷ 0,86 10 0,85 10 

ʈʝʩʧʫʙʣʠʢʘ ʊʳʚʘ 0,63 12 0,69 12 

ʈʝʩʧʫʙʣʠʢʘ ʍʘʢʘʩʠʷ 1,03 6 1,07 4 

ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ 1,11 3 1,11 3 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ 0,87 9 0,87 8 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ 1,09 7 1,07 5 

ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ 1,11 4 1,02 7 

ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ 1,18 2 1,16 2 

ʅʦʚʦʩʠʙʠʨʩʢʘʷ ʦʙʣʘʩʪʴ 1,31 1 1,18 1 

ʆʤʩʢʘʷ ʦʙʣʘʩʪʴ 1,07 5 1,02 6 

ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ 0,92 8 0,85 9 

ɽʩʣʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʠʥʜʝʢʩ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ >1, ʪʦ ʦʮʝʥʠʚʘʝʤʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʤʝʝʪ ʚʳʩʦ-

ʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ, ʝʩʣʠ <1, ʪʦ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ. 

 

ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʨʝʛʠʦʥʘʤʠ ʉʌʆ ʧʦ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʧʦ 

ʦʙʲʝʤʘʤ ʠʥʚʝʩʪʠʮʠʡ ʷʚʣʷʶʪʩʷ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ ʠ ʂʝʤʝʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ (ʨʠʩ. 3). ʄʥʦʛʠʝ 

ʩʳʨʴʝʚʳʝ ʠ ʧʨʦʜʫʢʪʦʚʳʝ ʨʳʥʢʠ, ʘ ʪʘʢʞʝ ʨʳʥʦʢ ʪʨʫʜʘ ʵʪʠʭ ʨʝʛʠʦʥʦʚ çʧʝʨʝʩʝʢʘʶʪʩʷè ʠ ʬʘʢʪʠ-

ʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ [9]. ʇʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʏʝʤ ʚʳʰʝ 

ʫʨʦʚʝʥʴ ʝʝ ʨʘʟʚʠʪʠʷ, ʪʝʤ ʙʳʩʪʨʝʝ ʠ ʦʭʦʪʥʝʝ ʚ ʨʝʛʠʦʥ ʧʨʠʭʦʜʷʪ ʠʥʚʝʩʪʠʮʠʠ, ʧʨʠʙʳʚʘʝʪ ʚʳʩʦ-

ʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʘʙʦʯʘʷ ʩʠʣʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʝ ʨʘʟʚʠʪʠʝ ʨʝ-

ʛʠʦʥʦʚ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʛʨʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪ.ʜ. [10]. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ 

ʨʦʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʦʜʝʡʩʪʚʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʨʝʛʠʦʥʦʚ. ʂʘʢ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷ-

ʪʠʷ, ʪʘʢ ʠ ʚʦ ʤʥʦʛʠʭ ʩʠʙʠʨʩʢʠʭ ʨʝʛʠʦʥʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʚʠʪʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʠʤʝʶʱʘʷ 

ʪʝʩʥʳʝ ʩʚʷʟʠ ʩʦ ʚʩʝʤʠ ʦʪʨʘʩʣʷʤʠ ʵʢʦʥʦʤʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦʡ ʩʬʝʨʳ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʧʨʝʧʷʪ-

ʩʪʚʠʝʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʥʘ ʬʦʥʝ ʜʝʬʠʮʠʪʘ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʡ ʫʩʠʣʠʣʩʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. 



ɺɽʉʊʅʀʂ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʧʨʘʚʣʝʥʠʷ (ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ) 

 

83 

 
ɺʝʩʪʥʠʢ ɺʉɻʋʊʋ. 2017. ˉ 1 (64) 
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ɿʘʢʣʶʯʝʥʠʝ 

ʆʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʨʝʛʠʦʥʦʚ ʧʦ ʢʦʥʢʫʨʝʥʪʥʦ ʟʥʘʯʠʤʳʤ 

ʩʦʩʪʘʚʣʷʶʱʠʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʢʦʣʴʢʫ ʨʝ-

ʛʠʦʥʳ ʩ ʜʦʩʪʫʧʦʤ ʢ ʨʳʥʢʘʤ ʩ ʙʦʣʴʰʝʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʤʦʛʫʪ ʩʪʘʪʴ ʙʦʣʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʠ 

ʢʦʥʢʫʨʝʥʪʥʳʤʠ. ʈʘʟʚʠʪʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ ʚ ʈʝʩʧʫʙʣʠʢʝ ɹʫʨʷʪʠʷ 

(24 ʢʤ ʥʘ 1000 ʤ2 ʚ 2014 ʛ.) ʦʪʩʪʘʝʪ ʦʪ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʉʌʆ ʚ 1,4 ʨʘʟʘ, ʦʪ ʩʨʝʜʥʠʭ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʈʌ - ʚ 2,5 ʨʘʟʘ. ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʜʦʨʦʛʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ ʠʤʝʶʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦ-

ʚʘʥʥʳʡ ʪʠʧ ʧʦʢʨʳʪʠʷ ï 52%, ʜʦʨʦʛʠ ʩ ʧʝʨʝʭʦʜʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʱʝʙʝʥʦʯʥʳʝ ʠ ʛʨʘʚʠʡʥʳʝ 

ʰʦʩʩʝ) ʩʦʩʪʘʚʣʷʶʪ 37% ʠ 11 % ï ʛʨʫʥʪʦʚʳʝ ʜʦʨʦʛʠ. ʅʠʟʢʠʡ ʫʨʦʚʝʥʴ ʧʣʦʪʥʦʩʪʠ ʘʚʪʦʤʦʙʠʣʴ-

ʥʳʭ ʜʦʨʦʛ, ʠʭ ʧʝʨʝʛʨʫʟʢʘ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʨʦʙʣʝʤʘʤ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʨʝʛʠʦʥʘ ʦʪʥʦʩʷʪʩ:̫ ʩʪʘʨʝʥʠʝ 

ʦʩʥʦʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʩʪʘʚʘʥʠʝ ʚʚʦʜʘ ʤʦʱʥʦʩʪʝʡ, ʦʪʩʫʪʩʪʚʠʝ ʠʩʪʦʯʥʠʢʦʚ ʬʠʥʘʥʩʠʨʦʚʘ-

ʥʠʷ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʶ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʚʳʩʦʢʘʷ ʪʘʨʠʬʥʘʷ ʧʦʣʠʪʠʢʘ, ʥʝ ʦʙʝʩ-

ʧʝʯʠʚʘʶʱʘʷ ʢʦʤʧʝʥʩʘʮʠʶ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ 

ʫʨʦʚʥʝ ʢʘʧʠʪʘʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʦʙʲʝʢʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʷʚʣʷʪʁʩʷ ʥʘʠʙʦʣʝʝ ʢʘʧʠʪʘʣʦʝʤʢʠʤ ʠ ʜʦʣʛʦʩʨʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʝʛʠʦʥʳ 

ʈʦʩʩʠʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʬʝʜʝʨʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤʘʭ ʠ ʩʪʘʚʷʪ ʟʘʜʘʯʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʨʠʚʣʝʯʝʥʠʷ ʩʨʝʜʩʪʚ ʧʦ ʬʝʜʝʨʘʣʴʥʦʡ ʘʜʨʝʩʥʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʦʛʨʘʤʤʝ. ɹʝʟʫʩʣʦʚʥʦ, ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʯʘʩʪʥʳʭ ʠʥ-

ʚʝʩʪʦʨʦʚ ʥʘ ʫʩʣʦʚʠʷʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʜʦʩʪʫʧʥʦʩʪʠ ʝʝ ʫʩʣʫʛ ʜʣʷ ʥʘʩʝʣʝʥʠʷ 

ʠ ʭʦʟʷʡʩʪʚʫʶʱʠʭ ʩʫʙʲʝʢʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʠʨʦ-

ʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʨ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʷʭ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨ-

ʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʤʝʭʘʥʠʟʤʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʝ ʧʨʦʟʨʘʯʥʦʡ ʩʭʝʤʳ ʦʨʛʘʥʠʟʘ-

ʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʨʝʛʠʦʥʝ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʨʝ-

ʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʜʦʭʦʜʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʩʪʥʦʛʦ ʙʶʜʞʝʪʘ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ; ʚʦʚʣʝʯʝʥʠʝ ʚ ʠʥʚʝ-

ʩʪʠʮʠʦʥʥʫʶ ʩʬʝʨʫ ʥʝʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 

ʥʘʠʙʦʣʴʰʝʛʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʥʠʷ ʜʣʷ ʠʥʚʝʩʪʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʚʠʪʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʥ-

ʚʝʩʪʠʮʠʦʥʥʦʛʦ ʨʳʥʢʘ ʠ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʨʝʩʫʨ-

ʩʦʚ ʧʨʝʜʧʨʠʷʪʠʡ (ʘʤʦʨʪʠʟʘʮʠʠ ʠ ʧʨʠʙʳʣʠ) ʥʘ ʠʥʚʝʩʪʠʮʠʠ. 


