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RESEARCH OF THE WI ND POWER PLANTS GENERATION WITH ENERGY STORAGE SYSTEMS  

 
In this work, the problem of integration of such elements of the electric power network as: industrial energy storage and directly 

wind generators is investigated. The sharp increase in the share of this type of electricity creates a number of issues that need to be resolved, 
first of all, the stochastic nature of the work. Solving this problem is relevant not only from the point of view of eliminating the phenomenon 
of uneven energy generation using a wind turbine, since wind is a variable source of energy, but also increasing the indicators of the 
interaction of the wind flow with the generator blades, i.e. increasing the permeability of the wind. This problem was noticed during the 
study of the operation of modern wind systems, especially the period of operation during direct start-up and in the presence of low wind 
speed, and therefore the efficiency is minimal. In this case, the use of energy storage systems is the best option for integration, as it allows not 
only to store energy, but also to increase the level of reliability of electricity supply.  

The work includes an overview of several variations of the location of wind power plants and energy storage systems: local, 
distributed, centralized. The use of one or another option depends on the size and load of the direct network. In addition, two models of 
energy storage were investigated in the work: storage in the rear part of the installation and storage in the front part of the installation. The 
study showed that using the option when the storage systems are located in the front part of the installation increases the weight of the 
nacelle, which is a negative factor, but installing it in the rear part or next to it increases the level of losses, which is an equally significant 
factor. In general, the installation of storage systems will complicate the immediate work, and also increase the cost, but in view of the future 
perspective, the solution to these issues is fully justified. Having solved the technological questions that gradually arise, the process of 
generating energy based on wind turbines and its synchronized storage will satisfy other important questions. 

Keywords: wind power plants, energy storage systems, batteries. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɿʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ, ʟʦʢʨʝʤʘ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʩʪʘʚʠʪʴ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʷʢʽ ʧʨʘʮʁ ʶʪʴ ʫ ʫʤʦʚʘʭ 

ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ɸʜʞʝ ʪʘʢʦʛʦ ʪʠʧʫ ʫʩʪʘʥʦʚʢʠ ʤʘʶʪʴ ʩʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʛʝʥʝʨʫʚʘʥʥʷ ʯʝʨʝʟ 

ʤʽʥʣʠʚʽʩʪʴ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ, ʧʦʛʦʜʥʽ ʫʤʦʚʠ, ʧʦʨʫ ʨʦʢʫ ʽ ʪ.ʜ. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʧʦʚʠʥʥʽ 

ʚʤʽʪʠ ʙʘʣʘʥʩʫʚʘʪʠ ʧʦʧʠʪ ʪʘ ʧʨʦʧʦʟʠʮʽʶ ʚ ʙʫʜ-ɹʷʢʠʡ ʤʦʤʝʥʪ, ʤʘʪʠ ʙʽʣʴʰ ʛʥʫʯʢʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ 

ʦʧʪʠʤʽʟʦʚʘʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ [1]. 

ʉʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʰʚʠʜʢʦ ʟʨʦʩʪʘʶʯʠʭ ʩʝʢʪʦʨʽʚ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʫ ʧʝʨʽʦʜ ʟ 2010 ʧʦ 2020 ʨʦʢʠ ʩʝʢʪʦʨ ʟʨʽʩ ʤʘʡʞʝ ʫ 50 ʨʘʟʽʚ, ʩʝʨʝʜʥʴʦʨʽʯʥʽ ʪʝʤʧʠ 

ʟʨʦʩʪʘʥʥʷ ʩʪʘʥʦʚʠʣʠ 47%. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʽʢʘ ʟʨʦʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ. 

ʇʨʠʯʠʥʦʶ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʛʦ ʽʥʪʝʨʝʩʫ ʜʦ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʩʪʘʣʦ 

ʟʨʦʩʪʘʥʥʷ ʯʘʩʪʢʠ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʚ ʩʫʯʘʩʥʽʡ ʝʥʝʨʛʝʪʠʮʽ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ɺɼɽ, 

ʟʦʢʨʝʤʘ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʪʘ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʜʦʩʠʪʴ ʚʘʞʢʦ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʥʪʨʦʣʴ ʟʘ 

ʚʝʣʠʯʠʥʘʤʠ ʛʝʥʝʨʫʶʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ʄʠ ʥʝ ʤʦʞʝʤʦ ʧʽʜʣʘʰʪʫʚʘʪʠ 

ʚhʠʜʢʽʩʪʴ ʚʽʪʨʫ ʘʙʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʚʠʭʦʜʷʯʠ ʟ ʧʦʪʨʝʙ ʩʧʦʞʠʚʘʯʘ. ʊʘʢʽ ʪʠʧʠ ɺɼɽ 

ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʘʟʦʤ ʽʟ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ. ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʽʩʮʝ ʫʩʪʘʥʦʚʢʠ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʝ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʽʣʷ ʛʝʥʝʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ɺɼɽ [2]. 
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ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʚʚʝʜʝʥʥʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʩʚʽʪʽ ʟʘ 10 ʨʦʢʽʚ 

 

ʅʘʡʚʘʞʣʠʚʽʰʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʥʝʨʛʦʧʝʨʝʭʦʜʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙʰʫ ʝʣʝʢʪʨʠʬʽʢʘʮʽʶ ʪʘ 

ʧʦʰʠʨʝʥʥʷ ɺɼɽ ʻ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʟʜʝʰʝʚʣʝʥʥʷ ʾʾ ʟʙʝʨʽʛʘʥʥʷ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʷʢ ʦʩʥʦʚʥʫ ʧʨʦʙʣʝʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʥʫʪʠ ʝʬʝʢʪʠʚʥʫ ʽʥʪʝʛʨʘʮʽʶ ʛʝʥʝʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ɺɼɽ, ʘ ʩʘʤʝ ï ʥʘ 

ʦʩʥʦʚʽ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʾʭ ʯʘʩʪʢʠ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ 

ʝʥʝʨʛʦʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɿʙʝʨʽʛʘʥʥʷ ʻ ʣʘʥʢʦʶ-ʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ ʨʽʟʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʪʘ ʩʧʦʩʦʙʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ. 

ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʫ ʝʥʝʨʛʦʩʠʩʪʝʤʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʫʪʪʻʚʽ ʧʝʨʝʧʘʜʠ ʨʽʚʥʷ ʛʝʥʝʨʘʮʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʯʝʨʝʟ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʽ ʚʠʧʘʜʢʦʚʽʩʪʴ ʾʭ ʨʦʙʦʪʠ, 

ʪʦʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʧʦʤôʷʢʰʝʥʥʷ ʪʘ ʟʛʣʘʜʞʫʚʘʥʥʷ ʪʘʢʠʭ 

ʧʝʨʝʧʘʜʽʚ, ʘ ʪʘʢʦʞ ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʟʩʫʚʫ ʚ ʯʘʩʽ ʚʠʜʘʯʽ ʝʥʝʨʛʽʾ ʚ 

ʤʝʨʝʞʫ, ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʜʽʡʥʽʩʪʴ ʽ ʛʥʫʯʢʽʩʪʴ ʨʦʙʦʪʠ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʇʠʪʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘʢʦʛʦ ʥʘʧʨʷʤʢʫ ʷʢ çʛʝʥʝʨʘʮʽʷ-ʤʝʨʝʞʘ-ʥʘʚʘʥʪʘʞʝʥʥ-̫ʥʘʢʦʧʠʯʝʥʥʷè 

ʻ ʥʝʦʙʭʽʜʥʠʤ ʥʘ ʪʣʽ ʪʘʢʠʭ ʤʘʩʰʪʘʙʥʠʭ ʧʦʥʷʪʴ ʷʢ ʧʦʙʫʜʦʚʘ Smart Grid [3-5]. ɺ [6] ʟʘʟʥʘʯʝʥʦ, ʱʦ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʠʚʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʢʣʶʯʘʻ ʜʚʘ ʘʩʧʝʢʪʠ: 

- ʪʝʭʥʦʣʦʛʽʶ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ; 

- ʻʤʥʽʩʪʴ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ.  

ɯʩʥʫʁʪɹ ʥʘʢʦʧʠʯʫʚʘʯʽ ʝʥʝʨʛʽʾ ʥʘ ʩʪʠʩʥʝʥʦʤʫ ʧʦʚʽʪʨʽ, ʥʘʢʦʧʠʯʫʚʘʯʽ ʟ ʥʘʩʦʩʦʤ, ʥʘʢʦʧʠʯʫʚʘʯʽ ʥʘ 

ʤʘʭʦʚʠʢʫ, ʨʽʟʥʽ ʪʠʧʠ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʚ ʙʘʪʘʨʝʷʭ, ʥʘʢʦʧʠʯʫʚʘʯʽ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʽʾ, ʥʘʜʧʨʦʚʽʜʥʽ ʤʘʛʥʽʪʥʽ 

ʥʘʢʦʧʠʯʫʚʘʯʽ ʪʘ ʽʥʰʽ ʪʠʧʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ [7].  

 

ʌʦʨʤʫʣʶʚʘʥʥ̫ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ: ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʟʛʣʘʜʞʫʚʘʥʥʷ ʨʽʟʢʠʭ ʢʦʣʠʚʘʥʴ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʾʭ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤʠ 

ʪʘ ʫʥʽʬʽʢʦʚʘʥʠʤʠ. ʈʦʟʛʣʷʥʝʤʦ ʥʘʩʪʫʧʥʽ ʪʠʧʠ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ (ʨʠʩ. 2):  

- ʣʦʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 

- ʨʦʟʧʦʜʽʣʝʥʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦ ʾʝʥʝʨʛʽʾ; 

- ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  

ʃʦʢʘʣʴʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʨʘʟʫ ʧʽʩʣʷ ʾʾ ʛʝʥʝʨʫʚʘʥʥʷ, ʘ ʛʝʥʝʨʘʪʦʨ ʽ ʥʘʢʦʧʠʯʫʚʘʯ 

ʝʥʝʨʛʽʾ ʧʦ-ʩʫʪʽ ʻ ʢʦʤʙʽʥʘʮʽʻʶ çʦʜʠʥ ʜʦ ʦʜʥʦʛʦè. ʊʘʢʠʡ ʤʝʪʦʜ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ 

ʤ̔ ʢʨʦʤʝʨʝʞʽ ʘʙʦ ʞ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʾ ʩʠʩʪʝʤʠ. ʈʦʟʧʦʜʽʣʝʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʟʥʘʯʝʥʝ 

ʜʣʷ ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ, ʘ ʛʝʥʝʨʘʪʦʨ ʽ ʥʘʢʦʧʠʯʫʚʘʯ ʝʥʝʨʛʽʾ ʫʪʚʦʨʶʶʪʴ ʢʦʤʙʽʥʘʮʽʾ çʜʝʢʽʣʴʢʘ ʜʦ ʦʜʥʦʛʦè 

ʘʙʦ ʞ çʦʜʠʥ ʜʦ ʦʜʥʦʛʦè. ʎʝʥʪʨʘʣʽʟʦʚʘʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʟʥʘʯʝʥʝ ʜʣʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʟ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʩʠʩʪʝʤ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʘʙʦ ʚʽʪʨʦʚʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʛʝʥʝʨʘʪʦʨʦʤ ʽ ʥʘʢʦʧʠʯʫʚʘʯʝʤ ʝʥʝʨʛʽʾ ʻ ʢʦʤʙʽʥʘʮʽʻʶ çʜʝʢʽʣʴʢʘ ʜʦ 

ʦʜʥʦʛʦè. 
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ʈʠʩ. 2. ʉʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ: ʘ ï ʣʦʢʘʣʴʥʘ, ʙ ï ʨʦʟʧʦʜʽʣʝʥʘ, ʚ ï ʮʝʥʪʨʘʣʽʟʦʚʘʥʘ: ɽʉʉ ï ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʘ 

ʩʠʩʪʝʤʘ, ɻ ï ʛʝʥʝʨʘʪʦʨ, ʊ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ɺɽʋ ï ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘ, ʃɽʇ ï ʣʽʥʽʷ ʝʣʝʢʪʨʦʧʝʨʝʜʘʚʘʥʥʷ, ʈɻ ï ʨʦʟʧʦʜʽʣʝʥʝ 

ʛʝʥʝʨʫʚʘʥʥʷ  

 

ʈʦʟʛʣʷʜʘʶʯʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʷʢ ʩʢʣʘʜʦʚʫ Smart Grid, ʤʦʞʥʘ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʜʘʥʠʡ ʟʘʭʽʜ 

ʙʫʜʝ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʟʘʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ  ʧʦʪʫʞʥʦʩʪʽ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʇʨʦʪʝ, ʧʨʠ ʮʴʦʤʫ 

ʙʫʜʫʪʴ ʧʨʠʩʫʪʥʽ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʘʣʝ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʧʽʜʪʨʠʤʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣɹʢʦʩʪʽ ɺɼɽ ʫ ʚʠʛʣʷʜʽ ɺɽʉ, ʜʝʤʦʥʩʪʨʫʻ ʩʫʪʪʻʚʽ ʧʦʟʠʪʠʚʥʽ ʘʩʧʝʢʪʠ. ɽʥʝʨʛʝʪʠʯʥʘ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʧʨʘʮʶʚʘʪʠ ʚ ʙʘʣʘʥʩʽ ʤʽʞ ʚʠʭʽʜʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʪʘ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʪʦʜʽ ʷʢ ʛʝʥʝʨʘʮʽʷ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ 

ʯʘʩʪʦ ʥʝ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʨʝʛʫʣʶʚʘʪʠʩʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘʣʝ ʤʠ ʤʦʞʝʤʦ ʪʠʤʯʘʩʦʚʦ ʜʦʩʷʛʪʠ ʟʤʽʱʝʥʥʷ ʧʽʢʫ 

ʜʘʥʦʛʦ ʥʝʙʘʣʘʥʩʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʟʘ ʨʘʭʫʥʦʢ ʤʦʞʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʜʚʦʥʘʧʨʘʚʣʝʥʦʛʦ ʧʦʪʦʢʫ ʝʥʝʨʛʽʾ 

ʥʘʢʦʧʠʯʫʚʘʯʘ. 

ʉʫʯʘʩʥʽ ʦʩʥʦʚʥʽ ʤʦʜʝʣʽ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 5 Mɺʪ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʽʥʜʫʢʮʽʡʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ, ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʽʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ ʟ ʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʽ 

ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ ʽʟ ʥʘʧʽʚʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʽʥʜʫʢʮʽʡʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʜʚʽʡʥʠʤ ʞʠʚʣʝʥʥʷʤ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʘʭ ʽ ʣʝʛʢʽʡ ʚʘʟʽ, ʘ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ 

ʚʠʩʦʢʘ ʯʘʩʪʦʪʘ ʚʽʜʤʦʚ ʨʝʜʫʢʪʦʨʘ. ʇʝʨʝʚʘʛʦʶ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʩʪʽʡʥʠʤ ʤʘʛʥʽʪʦʤ ʽʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʨʠ ʧʝʨʝʜʘʚʘʥʥʽ, ʘ ʪʘʢʦʞ ʫʥʠʢʥʝʥʥʷ ʚʪʨʘʪ ʚ ʦʙʤʦʪʢʘʭ ʟʙʫʜʞʝʥʥʷ, ʥʝʜʦʣʽʢʦʤ ʻ 

ʩʢʣʘʜʥʽʩʪʴ ʦʯʠʱʝʥʥʷ ʧʦʩʪ̔ ʡʥʦʛʦ ʤʘʛʥʽʪʫ, ʚʝʣʠʢʠʡ ʦʙôʻʤ ʜʚʠʛʫʥʘ ʪʘ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ. ʉʠʥʭʨʦʥʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʽʟ ʥʘʧʽʚʧʨʷʤʠʤ ʧʨʠʚʦʜʦʤ ʥʘ ʧʦʩʪʽʡʥʠʭ ʤʘʛʥʽʪʘʭ ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʠ ʜʚʠʛʫʥʘ ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʝʜʫʢʪʦʨ ʟ 

ʥʠʟʴʢʠʤ ʧʝʨʝʜʘʪʦʯʥʠʤ ʯʠʩʣʦʤ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʣʷ ʩʠʩʪʝʤ ʚʽʪʨʦʝʣʝʢʪʨʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʦʪʫʞʥʽʩʪʶ 

ʜʦ 5 ʄɺʪ ʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ, ʚʘʨʪʽʩʪʴ ʽ ʚʘʛʘ ʨʘʟʦʤ ʟ ʦʙôʻʤʦʤ ʦʙʣʘʜʥʘʥʥʷ 

ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ. 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʘ ʩʪʘʥʦʚʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʝʚʜʦʚʟʽ ʩʪʘʥʝ ʚʘʞʣʠʚʦʶ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʝʥʝʨʛʦʩʠʩʪʝʤʠ. ʇʝʨʩʦʥʘʣʫ, ʱʦ ʟʘʡʤʘʻʪʴʩʷ 

ʧʣʘʥʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʝʣʝʢʪʨʦʤʝʨʝʞʽ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʨʦʟʪʘʰʦʚʘʥʘ ʪʘʢʘ ʩʠʩʪʝʤʘ ʧʦʙʣʠʟʫ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʘʙʦ ʙʽʣʷ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʽ ʚ ʷʢʽʡ ʢʦʤʙʽʥʘʮʽʾ ʚʦʥʠ ʟʥʘʭʦʜʷʪʴʩʷ. ɺ ʥʘʚʝʜʝʥʽʡ ʨʦʙʦʪ ̔ʜʦʩʣʽʜʞʝʥʦ 

ʚʠʧʘʜʦʢ, ʢʦʣʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘ ʪʘ ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʙʣʠʟʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʬʦʨʤʫʶʪʴ ʣʦʢʘʣʴʥʫ ʝʣʝʢʪʨʠʯʥʫ ʤʝʨʝʞʫ. ʊʘʢʘ ʤʦʜʝʣʴ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ 

ʥʘʢʦʧʠʯʝʥʦʶ ʝʥʝʨʛʽʻʶ ʜʣʷ ʛʥʫʯʢʦʛʦ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɯʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʨʦʙʦʪʠ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʜʦʜʘʻ ʥʝʦʙʭʽʜʥʫ ʩʢʣʘʜʦʚʫ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʧʝʨʝʜʫ ʘʙʦ ʧʦʟʘʜʫ 

ʛʝʥʝʨʘʪʦʨʘ.  

ʇʨʠ ʨʦʟʤʽʱʝʥʥʽ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʧʝʨʝʜʫ ʛʝʥʝʨʘʪʦʨʘ ʚʘʛʘ ʛʦʥʜʦʣʠ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʴʩʷ. ʗʢʱʦ ʞ ʩʠʩʪʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʩʪʘʥʦʚʠʪʠ ʘʙʦ ʧʦʟʘʜʫ 

ʛʝʥʝʨʘʪʦʨʘ, ʘʙʦ ʚʩʝʨʝʜʠʥʽ ʙʘʰʪʠ, ʘʙʦ ʥʘ ʟʝʤʣʽ ʙʽʣʷ ʢʦʨʦʙʯʘʩʪʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʪʦ ʧʨʠ ʮʴʦʤʫ ʚʘʛʘ ʛʦʥʜʦʣʠ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʥʝ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʦʪʝ ʪʘʢʘ ʽʥʪʝʛʨʦʚʘʥʘ ʤʦʜʝʣʴ ʟʙʽʣʴʰʠʪʴ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʯʝʨʝʟ 
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ʜʦʜʘʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ. ʉʠʩʪʝʤʘ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ï ʮʝ, ʧʝʨʰ ʟʘ ʚʩʝ, ʩʠʩʪʝʤʘ 

ʢʝʨʫʚʘʥʥʷ, ʷʢʘ ʟʙʽʣʴʰʫʻ ʩʢʣʘʜʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ʆʜʥʦʯʘʩʥʦ ʙʫʜʝ ʟʙʽʣʴʰʝʥʦ 

ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʩʪʝʤʠ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ɹʫʜʴ-ʷʢʘ ʥʦʚʘ ʪʝʭʥʦʣʦʛʽʷ, ʷʢʫ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ, ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʤʝʪʴʩʷ ʜʝʷʢʠʤʠ ʪʨʫʜʥʦʱʘʤʠ, ʘʣʝ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʨʦʮʝʩʽʚ 

ʥʝʜʦʣʽʢʠ ʧʦʩʪʫʧʦʚʦ ʙʫʜʫ ʟʤʝʥʰʫʚʘʪʠʩʷ ʪʘ ʟʥʠʢʘʪʠ ʟʦʚʩʽʤ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʥʝʜʦʣʽʢʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ 

ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʧʽʜ ʯʘʩ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʝ ʩʪʘʥʫʪʴ ʪʘʢʠʤʠ ʩʫʪʪʻʚʠʤʠ ʥʘ ʧʨʦʪʠʚʘʛʫ ʜʦ 

ʧʝʨʝʚʘʛ, ʷʢʽ ʚʦʥʠ ʧʨʠʥʝʩʫʪʴ. 

ʈʦʟʛʣʷʥʝʤʦ ʤʦʜʝʣʴ ʧʦʜʚʽʡʥʦʾ ʽʥʪʝʛʨʘʮʽʾ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ, 

ʢʦʣʠ ʝʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʦʧʝʨʝʜʫ ʪʘ ʧʦʟʘʜʫ ʛʝʥʝʨʘʪʦʨʘ. ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʚʭʦʜʦʤ ʪʘ 

ʚʠʭʦʜʦʤ ʝʥʝʨʛʽʾ ʪʘ ʩʠʩʪʝʤʦʶ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʧʘʨʘʣʝʣʴʥʠʤ ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʤ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʧʝʨʝʜʫ ʛʝʥʝʨʘʪʦʨʘ 

 

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3, ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʧʦʩʣʽʜʦʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʬʨʦʥʪʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. ʄʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ ʥʘʜʭʦʜʠʪʴ ʫ ʩʠʩʪʝʤʫ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʘ 

ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʠʚʽʣʴʥʷʻ ʤʝʭʘʥʽʯʥʫ ʝʥʝʨʛʽʶ ʚ ʛʝʥʝʨʘʪʦʨ ʫ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟôʻʜʥʘʥʥʽ. ɿʙʝʨʽʛʘʥʥʷ 

ʪʘ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʫʪʴ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʦʜʥʦʯʘʩʥʦ, ʘ ʪʘʢʦʞ ʝʥʝʨʛʽʷ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟ ʛʝʥʝʨʘʮʽʻʶ ʘʙʦ ʙʝʟ ʥʝʾ. ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ ʧʦʟʘʜʫ 

ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʘʨʘʣʝʣʴʥʠʤ ʘʙʦ ʧʦʩʣʽʜʦʚʥʠʤ ʟôʻʜʥʘʥʥʷʤ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 4.  

ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ.4, ʩʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʟ ʧʦʩʣʽʜʦʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʨʝʞʠʤʫ ʟʘʜʥʴʦʛʦ 

ʭʦʜʫ ʪʘʢʦʞ ʧʦʢʘʟʘʥʘ ʧʫʥʢʪʠʨʥʦʶ ʣʽʥʽʻʶ. ɺʠʨʦʙʣʝʥʘ ʝʥʝʨʛʽʷ ʤʦʞʝ ʟʙʝʨʛ̔ʘʪʠʩʷ ʣʦʢʘʣʴʥʦ, ʘ ʚʠʭʽʜʥʘ 

ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʝ ʨʝʛʫʣʶʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʧʠʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʧʦʩʣʽʜʦʚʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 

ʅʘʢʦʧʠʯʫʚʘʯ ʤʦʞʝ ʧʦʜʘʚʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʟʙʝʨʽʛʘʪʠ ʾʾ ʦʜʥʦʯʘʩʥʦ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʣʠʰʝ ʷʢ 

ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʘʙʦ ʣʠʰʝ ʷʢ ʥʘʢʦʧʠʯʫʚʘʯ ʝʥʝʨʛʽʾ.  
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʟʘʜʫ ʛʝʥʝʨʘʪʦʨʘ 

 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʛʣʷʜʘʻ ʤʝʥʰ ʛʥʫʯʢʦʶ, ʘʣʝ ʚʦʥʘ ʤʦʞʝ ʟʨʦʙʠʪʠ ʚʠʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʦʶ ʟʘʚʜʷʢʠ ʢʦʥʪʨʦʣʶ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʝʩʪʘʙʽʣʴʥʫ ʚʭʽʜʥʫ ʧʦʪʫʞʥʽʩʪʴ ʚ ʩʪʘʙʽʣʴʥʠʡ ʚʠʭʽʜ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʠ. ʆʜʥʘʢ ʩʠʩʪʝʤʘ ʧʘʨʘʣʝʣʴʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʤʘʻ ʢʨʘʱʫ 

ʛʥʫʯʢ̔ ʩʪʴ, ʧʨʦʪʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʙʫʜʝ ʧʨʦʮʝʩ ʢʝʨʫʚʘʥʥʷ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 5, ʩʫʤʽʞʥʘ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʧʨʷʤʠʤ 

ʧʨʠʚʦʜʦʤ. ʇʨʫʞʠʥʥʠʡ ʤʝʭʘʥʽʟʤ ʥʘʢʦʧʠʯʝʥʥʷ/ʚʠʚʽʣʴʥʝʥʥʷ ʝʥʝʨʛʽʾ ʨʦʟʤʽʱʝʥʠʡ ʫ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʢʨʠʣʴʯʘʪʢʠ 

ʚʽʪʨʦʚʦʾ ʪʫʨʙʽʥʠ ʪʘ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʛʝʥʝʨʘʪʦʨʘ ʚ ʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʝʞʠʤʫ.  

 

ɼʞʝʨʝʣʦ ʥʘʢʦʧʠʯʝʥʥʷ / 
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ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʧʦʟʘʜʫ ʛʝʥʝʨʘʪʦʨʘ 
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ʉʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʪʦʯʢʘ ʧʦʜʘʯʽ ʝʥʝʨʛʽʾ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʩʣʽʜʦʚʥʦ, ʤʝʭʘʥʽʯʥʘ ʝʥʝʨʛʽʷ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʝʥʝʨʛʽʶ, ʧʦʪʽʤ ʧʦʪʝʥʮʽʡʥʘ ʝʥʝʨʛʽʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʪʘʙʽʣʴʥʫ ʤʝʭʘʥʽʯʥʫ 

ʝʥʝʨʛʽʶ ʥʘ ʚʠʭʦʜʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʘʥʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʥʝ ʣʠʰʝ ʜʦʩʷʛʪʠ ʤʝʪʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʘ ʡ 

ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʝʥʝʨʛʽʾ ʟʘʚʜʷʢʠ ʛʝʥʝʨʘʪʦʨʘ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʥʘ ʚʭʦʜʽ. ʂʨʽʤ ʪʦʛʦ, ʮʝʡ ʪʠʧ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠ ʟʘʧʫʩʢ ʪʘ ʨʦʙʦʪʫ ʟʘ ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ. ʈʝʟʝʨʚʫʘʨ ʜʣʷ 

ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ ʨʦʟʤʽʱʝʥʠʡ ʚʝʨʪʠʢʘʣʴʥʦ ʚ ʮʝʥʪʨʽ ʚʝʞʽ, ʘ ʝʥʝʨʛʽʷ ʨʝʟʝʨʚʫʘʨʘ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ 

ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʥʶ. ʎʝʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʨʦʟʪʘʰʫʚʘʪʠ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʧʦʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʪʠ ʚʥʫʪʨʽʰʥʽʡ ʧʨʦʩʪʽʨ ʚʝʞʽ, ʽ ʥʝ ʟʘʡʤʘʪʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ. 

ɿʘʛʘʣʴʥʘ ʚʘʛʘ ʩʠʩʪʝʤʠ ʚʽʪʨʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʙʫʜʝ ʟʙʽʣʴʰʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʘʣʝ ʚʘʛʘ ʾʾ 

ʤʦʪʦʛʦʥʜʦʣʠ ʥʝ ʙʫʜʝ ʙʽʣʴʰʦʶ, ʥʽʞ ʫ ʧʝʨʝʜʥʴʦʤʫ ʚʘʨʽʘʥʪʽ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʪʘ ʙʘʰʪʠ ʚʽʪʨʷʥʦʾ ʪʫʨʙʽʥʠ 

ʧʦʪʫʞʥʽʩʪʶ 1,5 ʄɺʪ ʟʘʟʚʠʯʘʡ ʜʦʩʷʛʘʻ 70 ʤʝʪʨʽʚ, ʪʘʢʠʡ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʧʨʦʩʪʦʨʽʰʦʤʫ ʤʽʩʮʽ, ʘ ʡʦʛʦ ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʤʘʻ ʙʫʪʠ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʦʶ. 

ʉʠʩʪʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʚʭʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʦʪʫʨʙʽʥʥʦʾ ʩʠʩʪʝʤʠ ʽʟ ʟʚʦʨʦʪʥʦʶ ʽʥʪʝʛʨʘʮʽʻʶ 

ʨʝʞʠʤʫ ʤʦʞʝ ʤʘʪʠ ʧʘʨʘʣʝʣʴʥʫ ʯʠ ʧʦʩʣʽʜʦʚʥʫ ʩʪʨʫʢʪʫʨʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʨʽʟʢʠʭ ʢʦʣʠʚʘʥʴ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʪʘ ʽʥʪʝʛʨʫʚʘʥʥʷ ʾʭ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʈʦʟʛʣʷʥʫʪʦ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʭʝʤʠ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʤʦʜʝʣʝʡ ʚʽʪʨʦʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, 

ʦʜʥʘ ʟ ʷʢʠʭ ʻ ʤʦʜʝʣʴ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʛʝʥʝʨʘʪʦʨʥʦʾ ʚʽʪʨʦʪʫʨʙʽʥʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʽʥʰʘ - 

ʤʦʜʝʣʴ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ʟʘʜʥʽʡ ʯʘʩʪʠʥʽ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʦʞ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ 

ʝʥʝʨʛʽʾ.  
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ʆʉʆɹʃʀɺʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʇʃʆɺʀʍ ʅɸʉʆʉɯɺ ɺ ʉʀʉʊɽʄɸʍ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ ʇʈʀɺɸʊʅʀʍ ɹʋɼʀʅʂɯɺ 
 

ˏ ̨̑̏̂̏̓ ̨̅̏̒̌̅̇̆̎̏ ̏̚ ̨̨̘̝̆̋̏̎̏̍̎̒̓ ̤ ̟̏̒̎̏̃̎̏ ̟̐̆̑̆̃́̄̏ ̖̓̆̐̌̏̃̉ ̨̎́̒̏̒̃Ȣ ˡ̨̨̎́̎̒̏̃ ̈́̓̑́̓̉ ̃ 
̨̐̆̑̏̅ ̟̝̏̐́̌̃́̌̎̏̄̏ ̒̆̈̏̎̔ ̨̠̐̏̑̃̎̎̏ ̈ ̐̑̉̑̏̅̎̉̍ ̄́̈̏̍ ̨̙̍̆̎ ̘̐̑́̋̓̉̎̏ ̨̘̃̓̑̉Ȣ ˑ̠̌ ̨̟̘̠̐̅̋̌̆̎̎ ̎̆ ̨̐̏̓̑ ̂̎̏ 
̠̏̓̑̉̍́̎̎ ̖̇̏̅̎̉  ̏̈̅ ̨̃̏̌ ̃Ȣ ˝̏̂̏̓́ ̖̓̆̐̌̏̎́̒̏̒̎̉ ̔̒̓́̎̏̃̏̋ ̟́̂̒̏̌̓̎̏ ̘̂̆̈̐̆̎́ ̓́ ̨̘̆̋̏̌̏̄̎́Ȣ ˔ ̨̖̅́̃̎ ̨̘́̒̃ 
̨̓̆̐̌̏̎́̒̏̒̎ ̔̒̓́̎̏̃̋̉ ̈́̒̓̏̒̏̃̔̃́̌̉ ̠̋ ̨̝́̌̓̆̑̎́̓̉̃̎ ̒̉̒̓̆̍̉ ̠̏̐́̌̆̎̎Ȣ ˟̨́̋ ̒̉̒̓̆̍̉ ̤ ̨̎́̅̊̎̉̍̉, ̟̝̍́̓ 
̓̑̉̃́̌̉̊ ̨̓̆̑̍̎ ̑̏̂̏̓̉ ̨ ̤ ̨̝̙̎́̊̂̌ ̆̋̏̌̏ ̨̘̄̎̉̍̉. ˟ ̆̐̌̏̎́̒̏̒̎ ̨̔̒̓́̎̏̃̋̉ ̠̟̝̠̑̏̈̄̌̅́̓̒ȟ ̠̋ ̎̏ ̃̉̊ ̨̝̒̓̔̐̎ ̎́ 
̙̠̖̌̔ ̅̏ ̑̏̈̃̉̓̋̔ ̨̙̖̆̆̋̓̉̃̎̉̕  ̨̨̘̙̖̂̆̈̐̆̎̉ ̒̉̒̓̆̍. ː̏̌̏̃̎̆ ̠̏̐́̌̆̎̎ ̂̔̅̉̎̋̔ ̈́ ̟̅̏̐̏̍̏̄̏ ̩̓̆̐̌̏̎́̒̏̒̎̏ 
̔̒̓́̎̏̃̋̉ ̤̍́ ̨̃́̄̏̍ ̐̆̑̆̃́̄̉ ̐̆̑̆̅ ̨̗̤̟̆̋̒̐̌̔́̓́ ̖̄́̈̏̃̉ ̨̋̏̓̌̃Ȣ ˒̨̨̟̘̎̆̑̄̏̈̂̆̑̄́ ̨̖̩̓̆̎̏̌̏̄ ̠̅̌ ̖̐̑̉̃́̓̎̉ 
̐̏̂̔̅ ̏̃ȟ ̨̝̐̏̃̌̎̏ȟ ́̌̆ ̃̐̆̃̎̆̎̏ ̨̠̟̝̃̉̓̒̎̓ ̨̨̗̓̑́̅̉̊̎ ̃̉̅̉ ̠̏̐́̌̆̎̎Ȣ ˰̅̉̎̆ȟ ̏̚ ̤̔̓̑̉̍̔ ̟̐̏̃̒̅̎̆ ̠̃̐̑̏̃́̅̇̆̎̎ 
̔̒̓́̎̏̃̏̋ȟ ̗̆ ̨̨̖̝̎̆̏̂̅̎̒̓ ̔ ̘̈̎́̎̏̍̔ ̘̐̏́̓̋̏̃̏̍̔ ̨̃̋̌́̅̆̎̎ ̙̄̑̏̆̊Ȣ ˎ̨̨̝̙̝̌̒̓ ̨̃̉̑̏̂̎̉̋̃ ̃̇̆ ̅́̃̎̏ ̗̟̟̝̐̑́̓ 
̎́̅ ̙̠̈̅̆̆̃̌̆̎̎ ̍ ̨̖̩̓̆̎̏̌̏̄ȟ ̓̏̍̔ ̐̆̑̒ ̐̆̋̓̉̃̉ ̠̃̉̋̏̑̉̒̓́̎̎ ̖̓̆̐̌̏̃̉ ̨̎́̒̏̒̃ ̔ ̖̒̉̒̓̆̍́ ̘̠̓̆̐̌̏̐̏̒̓́́̎̎ 
̖̐̑̉̃́̓̎̉ ̨̂̔̅̉̎̋̃ ̝̅̏̒̉̓ ̨̨̘̏̐̓̉̍̒̓̉̎Ȣ ˚̆̈́̂́̑̏̍ ̨̘̤̝̠̏̋̔̓̒ ̨̝̙̠̈̂̌̆̎̎ ̨̨̝̋̌̋̏̒̓ ̨̐̑̏̅́̇̃ ̎́ υτ-15%. 
ˏ̒ ̓́̎̏̃̌̆̎̏ȟ ̏̚ ̎́ ̨̨̃̅̍̎̔ ̨̃̅ ̋̏̓̌́ȟ ̋̏̎̃̆̋̓̏̑́ ̓́ ̨̙̎̏̄̏ ̓̉̐̔ ̎́ ̨̘̄̑̃́́ ̓̆̐̌̏̎́̒̏̒̎́ ̔̒ ̓́̎̏̃̋́ ̎̆ 
̠̤̃̉̄̏̓̏̃̌ ̓̆̐̌̏Ȣ ˏ̏̎́ ̝̐̆̑̆̎̏̒̉̓ ̓̆̐̌̏ ̈ ̏̅̎̏̄̏ ̒̆̑̆̅̏̃̉́̚ ̅̏ ̨̙̎̏̄̏Ȣ ˚́̐̑̉̋̌́̅ȟ ̓̆̐̌̏̎́̒̏̒̎́ ̔̒̓́̎̏̃̋́ 
̨̠̐̏̃̓̑-̃̏̅́ ̙̎́̌́̓̏̃́̎́ ̎́ ̖̠̏̏̌̏̅̇̆̎̎ ̨̠̐̏̃̓̑ ̐̏̈́ ̍̆̇́̍̉ ̨̝̂̔̅̃̆̌ ̨ ̨̠̎́̄̑̃́̎̎̍ ̃̏̅̉ ̃ ̨̂̏̊̌̆̑Ȣ ˔̠́̃̅̋̉ 
̗̝̏̍̔ ̍̏̇̎́ ̠̅̏̒̄̓̉ ̆̆̋̓̉̃̎̏̒̓̕ ̨̐̏̎́̅ υττϻȢ ˟̆̐̌̏̃̉̊ ̎́̒̏̒ ̤̒̐̏̇̉̃́ ̨̟̆̌̆̋̓̑̏̆̎̆̑̄ ̓́ ̤̄̆̎̆̑̔ ̓̆̐̌̏Ȣ 
˞̨̨̙̠̐̃̃̅̎̏̆̎̎ ̗̖̉ ̨̐̏̋́̈̎̉̋̃ ̖̤́̑́̋̓̆̑̉̈̔ ̊̏̄̏ ̨̝̐̑̏̅̔̋̓̉̃̎̒̓Ȣ ˍ̌̆ ̝̑̆́̌̎̉̊ ˗˗ˑ ̓̆̐̌̏̃̏̄̏ ̎́̒̏̒́ ̍̏̇̆ 
̘̈̎́̎̏ ̠̋̏̌̉̃́̓̉̒Ȣ ˤ̉̍ ̙̍̆̎́ ̓̆̍̐̆̑́̓̔̑́ ̎́ ̨̖̃̏̅ ̓́ ̃̉̆̚ ̎ ́ ̨̖̃̉̏̅ȟ ̓̉̍ ̘̎̉̇́ ̆̆̋̓̕ ̨̝̉̃̎̒̓Ȣ ˔́ 
̟̆̋̒̐̆̑̓̎̏ ̨̗̟̏̎̋̏ ̍̏̇̌̉̃̏ ̈̐̑̏̄̎̏̈̔̃́̓̉ȟ ̏̚ ̨̝̙̂̌̆ ̨̎̇ ϋτϻ ̩̓̆̐̌̏̃̏ ̨̩̆̎̆̑̄ ̠̅̌ ̒̉̒̓̆̍ ̠̏̐́̌̆̎̎ ̓́ 
̠̘̄́̑̏̄̏ ̘̠̃̏̅̏̐̏̒̓́́̎̎ ̃ ̖̑̏̈̃̉̎̆̎̉ ̩̖̋̑́̎́ ̒̓́̎̏̍ ̎́ φτφχ ̨̑̋ ̂̔̅̆ ̠̠̃̉̑̏̂̌̓̉̒ ̓̆̐̌̏̎́̒̏̒̎̉̍̉ 
̔̒̓́̎̏̃̋́̍̉ȟ ̨̠̋ ̃̉̋̏̑̉̒̓ ̟̝̏̃̔̓ ̨̨̑̈̎ ̃̉̅̉ ̝̎̉̈̋ ̨̗̖̏̐̏̓̆̎̊̎̉ ̅̇̆̑̆̌ ̓̆̐̌̏̓̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̓̆̐̌̏̃̉̊ ̎́̒̏̒ȟ ̆̎̆̑̄̏̑̆̒̔̑̒ȟ ̓̆̐̌̏̎́̒̏̒̎́ ̔̒̓́̎̏̃̋́ȟ ̅̇̆̑̆̌̏ ̓̆̐̌̏̓̉ȟ ̋̏̎̅̆̎̒́̓̏̑ȟ 
̋̏̍̐̑̆̒̏̑Ȣ 
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FEATURES OF THE USE OF HEAT PUMPS IN THE HEATING SYST EMS OF PRIVAT E HOUSES 

 

In the paper, it is investigated that economics is the main advantage of thermal pumps. The financial costs during the heating 
season are almost three times lower than natural gas. You do not need any permissions to connect. The operation of heat pump units is 
absolutely safe and environmentally friendly. Since ancient times, heat pump units have been used as alternative heating systems. Such 
systems are reliable, have a long term of operation and are the most environmentally friendly. Heat pump units are seen as a new step 
toward the development of more efficient and safer systems. The main heating of the house with the help of a heat pump unit has significant 
advantages over the operation of gas boilers. Energy-saving technologies for private building, slowly but confidently remove traditional 
types of heating. The only thing that keeps the widespread introduction of installations is the need for a significant initial investment of 
money. Most producers have long been working on cheaper technology, so the prospects of using heat pumps in the heat supply systems of 
private houses are rather optimistic. The number of sales is expected to increase by 10-15% soon. It has been established that in contrast to 
the boiler, the convector and other type of heater the heat pump unit does not produce heat. It transfers heat from one environment to 
another. For example, the heat pump installation of air-water is set for cooling of air outside of buildings and heating of water in boiler. This 
results in over 100% efficiency. The heat pump consumes electricity and generates heat. The ratio of these indicators characterizes its 
productivity. But the real efficiency of the heat pump can vary considerably. The lower the inlet temperature and the higher the outlet 
temperature, the lower the efficiency. According to expert estimates, it is possible to predict that more than 70% of thermal energy for 
heating systems and hot water supply in developed countries as of 2023 will be produced by heat pump units that use different types of low-
potential heating sources. 

Keywords: heat pump, energy resources, heat pump unit, heat source, condenser, compressor. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɸʚʪʦʨʦʤ ʨʦʙʦʪʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʦʪʣʘ, ʢʦʥʚʝʢʪʦʨʘ ʪʘ ʽʥʰʦʛʦ ʪʠʧʫ ʥʘʛʨʽʚʘʯʘ 

ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ ʥʝ ʚʠʛʦʪʦʚʣʷʻ ʪʝʧʣʦ. ɺʦʥʘ ʧʝʨʝʥʦʩʠʪʴ ʪʝʧʣʦ ʟ ʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʦ ʽʥʰʦʛʦ. 

ʅʘʧʨʠʢʣʘʜ, ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʧʦʚʽʪʨʷ-ʚʦʜʘ ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʧʦʟʘ ʙʫʜʽʚʣʝʶ ʽ ʥʘʛʨʽʚʘʻ 

ʚʦʜʫ ʚ ʙʦʡʣʝʨʽ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʦʥʘʜ 100%. 

ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ʩʧʦʞʠʚʘʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʛʝʥʝʨʫʻ ʪʝʧʣʦ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʡʦʛʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ɸʣʝ ʨʝʘʣʴʥʠʡ ʂʂɼ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʤʦʞʝ ʟʥʘʯʥʦ ʢʦʣʠʚʘʪʠʩʷ. ʏʠʤ 

ʤʝʥʰʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʪʘ ʚʠʱʝ ʥʘ ʚʠʭʦʜʽ, ʪʠʤ ʥʠʞʯʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʜʘʥʽ [8] ʧʨʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʣʽʥʽʡʢʠ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʱʦ ʨʦʙʠʪʴ 
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ʤʦʞʣʠʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ. ɼʦʩʣʽʜʞʝʥʦ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ɾʂɻ 

ʥʝʝʬʝʢʪʠʚʥʦ ʚʠʪʨʘʯʘʻ ʝʥʝʨʛʦʨʝʩʫʨʩʠ [1]. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʛʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ, ʧʨʠ 

ʱʦʨʽʯʥʦʤʫ ʚʠʨʦʙʣʝʥʥʽ ʪʝʧʣʘ [2]. ɿʘ ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ ʤʦʞʣʠʚʦ ʟʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʙʽʣʴʰʝ ʥʽʞ 70% 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʪʘʥʦʤ ʥʘ 2023 ʨʽʢ 

ʙʫʜʝ ʚʠʨʦʙʣʷʪʠʩʷ ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ 

[6] ʪʝʧʣʦʪʠ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ: ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʚ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʆʩʥʦʚʥʠʤ ʩʧʦʞʠʚʘʯʝʤ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʻ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ (ɾʂɻ). ɺ ʜʘʥʠʡ 

ʯʘʩ ɾʂɻ ʥʝʝʬʝʢʪʠʚʥʦ ʚʠʪʨʘʯʘʻ ʝʥʝʨʛʦʨʝʩʫʨʩʠ [1]: 

- ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʫ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞʘʭ ʧʝʨʝʚʠʱʫʶʪʴ ʥʦʨʤʘʪʠʚʥʽ; 

- ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʪʝʧʣʦʪʨʘʩ ʫ 4ï6 ʨʘʟʽʚ ʥʠʞʯʠʡ ʟʘ ʥʦʨʤʘʪʠʚʥʠʡ; 

- ʂʂɼ ʜʝʷʢʠʭ ʢʦʪʝʣʝʥʴ - 40%; 

- ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʦʪʨʝʙʫʶʪʴ 30% ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 17% ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʤʝʨʝʞ; 

- ʚʠʪʽʢʘʥʥʷ ʪʘ ʥʝʚʨʘʭʦʚʘʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʩʪʘʥʦʚʣʷʪʴ 15 %. 

ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʯʽʪʢʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʙʣʝʤʫ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ. ʆʩʦʙʣʠʚʦ ʚʦʥʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʧʨʦʙʣʝʤʘʤʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ: 

- ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ; 

- ʝʢʦʥʦʤʽʯʥʘ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʮʽʥ ʥʘ ʥʘʬʪʫ; 

- ʛʣʦʙʘʣʴʥʘ ʟʤʽʥʘ ʢʣʽʤʘʪʫ. 

ʊʦʤʫ ʯʠ ʚʘʨʪʦ ʜʠʚʫʚʘʪʠʩʷ ʪʦʤʫ, ʱʦ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʩʴʦʛʦʜʥʽ ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʮʝʥʪʨʽ 

ʟʘʛʘʣʴʥʦʾ ʫʚʘʛʠ, ʦʩʢʽʣʴʢʠ ʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʪʨʘʜʠʮʽʡʥʠʤ. ɼʦ ʥʠʭ ʩʣʽʜ ʟʘʨʘʭʫʚʘʪʠ ʽ ʪʝʧʣʦʥʘʩʦʩʥʝ ʦʙʣʘʜʥʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʚ ɭʚʨʦʧʽ. ɿʘ ʧʨʦʛʥʦʟʘʤʠ ʜʦ 2023 ʨʦʢʫ ʫ ʚʩʽʭ ʨʦʟʚʠʥʝʥʠʭ 

ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ. 

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʚ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚʚʘʞʘʶʪʴʩʷ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ (ʊʅʋ). 

ʊʝʧʣʦʚʠʡ ʥʘʩʦʩ ï ʧʨʠʩʪʨʽʡ ʜʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚʽʜ ʜʞʝʨʝʣʘ ʟ ʥʠʞʯʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʜʦ ʜʞʝʨʝʣʘ ʟ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʪʝʧʣʦʚʫ ʝʥʝʨʛʽʶ ˇʨʫʥʪʫ, ʧʦʚʽʪʨʷ, ʚʦʜʠ, ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ 

ʩʪʦʢʽʚ, ʰʘʭʪʥʠʭ ʚʦʜ, ʧʨʦʤʠʩʣʦʚʠʭ ʩʢʠʜʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʪʝʧʣʦ- ʪʘ 

ʭʦʣʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʙʫʜʽʚʝʣʴ, ʩʧʦʨʫʜ. 

ʇʨʠ ʮʴʦʤʫ ʚʠʪʨʘʯʘʶʯʠ 1 ʢɺʪĬʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʨʦʙʦʪʫ ʥʘʩʦʩʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʦ 2,5-3,5 

ʢɺʪ Ĭʛʦʜ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ɿʘʛʘʣʴʥʘ ʚʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʘʻ 15723 ʄɺʪ ʧʨʠ ʱʦʨʽʯʥʦʤʫ 

ʚʠʨʦʙʣʝʥʥʽ ʪʝʧʣʦʪʠ 86,673Ĭ1015ɼʞ [2]. ɺʩʪʘʥʦʚʣʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʠʭ ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʩʠʩʪʝʤ [3] 

ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 6700 ʄɺʪ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʦʙʩʷʛʦʤ 23,3Ĭ1015ɼʞ/ʛʦʜ. 

ʊʘʢʠʡ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ʊʅʋ ʫ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʧʦʷʩʥʶʻʪʴʩʷ ʟʥʘʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʪʝʧʣʦʥʘʩʦʩʥʠʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʜ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ: 

- ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ; 

- ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ, ʥʘʣʘʛʦʜʞʝʥʦʶ ʩʠʩʪʝʤʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

- ʧʨʠʥʦʩʷʪʴ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ (ʥʘ ʢʦʞʝʥ ʢʽʣʦʚʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʧʨʠʚʽʜ 

ʢʦʤʧʨʝʩʦʨʘ, ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʚʽʜ 3 ʜʦ 8 ʢɺʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ) [4]; 

- ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʘʚʦʜʩʴʢʦʾ ʛʦʪʦʚʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʦʩʪʦʪʦʶ ʤʦʥʪʘʞʫ, 

ʧʽʜʢʣʶʯʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [5]. 

ɿʘ ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ, ʙʽʣʴʰʝ ʥʽʞ 70% ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʩʠʩʪʝʤ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʩʪʘʥʦʤ ʥʘ 2023 ʨʽʢ ʙʫʜʝ ʚʠʨʦʙʣʷʪʠʩʷ ʪʝʧʣʦʥʘʩʦʩʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʚʠʜʠ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʠʭ ʜʞʝʨʝʣ [6] ʪʝʧʣʦʪʠ: 

- ʪʝʧʣʦʪʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ; 

- ʪʝʧʣʦʪʘ, ʱʦ ʚʠʭʦʜʠʪʴ ʧʽʩʣʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ; 

- ʪʝʧʣʦʪʘ ʩʪʽʯʥʠʭ ʚʦʜ; 

- ʪʝʧʣʦʪʘ ʚʦʜʠ ʩʠʩʪʝʤ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

- ʪʝʧʣʦʪʘ ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʚʠʢʠʜʽʚ; 

- ʪʝʧʣʦʪʘ ʤʘʩ ʚʦʜʠ ʚ ʨʽʟʥʠʭ ʚʦʜʦʡʤʘʭ (ʨʽʯʢʠ, ʦʟʝʨʘ, ʩʪʘʚʢʠ, ʤʦʨ̫); 

- ʪʝʧʣʦʪʘ ˇʨʫʥʪʫ ʪʘ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ. 

ʂʨʠʪʝʨʽʻʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʛʦ ʮʠʢʣʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ ʻ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʪʝʧʣʦʪʠ: 
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ʜʝ  Qu ï ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ, ʧʽʜʚʝʜʝʥʦʾ ʟ ʥʠʟʴʢʦʧʦʪʝʥʮʽʡʥʦʛʦ ʜʞʝʨʝʣʘ ʜʦ ʚʠʧʘʨʥʠʢʘ ʪʝʧʣʦʥʘʩʦʩʥʦʾ 

ʫʩʪʘʥʦʚʢʠ; 

Lʢ ï ʨʦʙʦʪʘ ʩʪʠʩʥʝʥʥʷ ʢʦʤʧʨʝʩʦʨʘ. 

ɿʤʝʥʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʽʟʦʪʝʨʤʘʤʠ ʮʠʢʣʫ ʈʝʥʢʽʥʘ ʚʠʢʣʠʢʘʻ ʩʢʦʨʦʯʝʥʥʷ ʨʦʙʦʪʠ 

ʩʪʠʩʥʝʥʥʷ ʪʘ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ R142b ʚ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʘʭ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʧʘʨʦʢʦʤʧʨʝʩʽʡʥʠʭ ʊʅʋ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʡ ʮʠʢʣ ʟ ʚʝʨʭʥʴʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʚʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʥʘ ʨʽʚʥʽ 90ęC [7]. 

ɿʤʝʥʰʠʪʠ ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʧʝʨʝʧʘʜ ʙʝʟ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʤʦʞʥʘ ʟʘ 

ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʛʦ ʥʘʧʨʷʤʢʫ ʫ ʪʝʧʣʦʬʽʢʘʮʽʾ 

ï çʪʝʧʣʽ ʧʽʜʣʦʛʠè. ʊʝʭʥʦʣʦʛʽʾ ʩʪʚʦʨʝʥʥʷ çʪʝʧʣʠʭ 

ʧʽʜʣʦʛè ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʪʘ ʨʦʟʰʠʨʶʶʪʴ ʦʙʩʷʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʊʅʋ ʟ çʪʝʧʣʠʤʠ ʧʽʜʣʦʛʘʤʠè ï ʮʝ ʱʝ 

ʥʝ ʟʘʧʦʚʥʝʥʘ ʥʽʰʘ ʢʦʤʫʥʘʣʴʥʦʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ. 

ʃʽʥʽʡʢʘ ʧʦʪʫʞʥʦʩʪʽ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʜʦʩʠʪʴ 

ʨ̔ʟʥʦʤʘʥʽʪʥʘ, ʪʦʤʫ ʨʦʙʠʪ ɹʤʦʞʣʠʚʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʙʫʜʠʥʢʫ. ɻʦʣʦʚʥʠʤ 

ʧʨʽʦʨʠʪʝʪʦʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʨʦʝʢʪʫ ʻ 

ʥʘʷʚʥʽʩʪʴ ʜʞʝʨʝʣʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʘʤʦʛʦ ʧʨʦʝʢʪʫ. 

ʇʝʨʝʜ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʊʅʋ ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʚ ʧʨʦʝʢʪ̔  

ʦʧʘʣʝʥʥʷ, ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʫ ʧʨʠʤʽʱʝʥʥʽ ï ʮʝ ʧʦʪʨʽʙʥʦ ʜʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʽʜʽʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʥʘʩʦʩ, ʷʢʠʡ 

ʧʦʩʪʘʯʘʪʠʤʝ ʪʝʧʣʦʤ ʫ ʥʝʦʙʭʽʜʥʽʡ ʢʽʣʴʢʦʩʪʽ. ɼʣʷ 

ʤʦʥʪʘʞʫ ʦʙʣʘʜʥʘʥʥʷ ʧʦʪʨʽʙʥʘ ʦʮʽʥʢʘ ʪʝʭʥʽʯʥʠʭ 

ʫʤʦʚ. 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʊʅʋ ʥʝʦʙʭʽʜʥʦ 

ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʥʘʤʽʯʝʥʦʛʦ ʧʣʘʥʫ ʨʦʙʽʪ: 

- ʙʫʨʽʥʥʷ ʩʚʝʨʜʣʦʚʠʥʠ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʦʥʜʽʚ ʪʘ ʾʭ ʟʘʥʫʨʝʥʥʷ ʥʘ 

ʛʣʠʙʠʥʫ; 

- ʟʘʥʫʨʝʥʥʷ ʢʦʣʝʢʪʦʨʘ, ʜʦ ʷʢʦʛʦ 

ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ; 

- ʦʧʫʩʢʘʥʥʷ ʪʨʫʙ ʟ ʪʝʧʣʦʥʦʩʽʻʤ, ʘ ʪʘʢʦʞ ʟ 

ʭʦʣʦʜʦʘʛʝʥʪʦʤ; 

- ʨʦʟʚʝʜʝʥʥʷ ʪʨʫʙ ʪʘ ʾʭ ʟ'ʻʜʥʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʙʘʢʽʚ, ʟʘʙʝʟʧʝʯʝʥʠʭ 

ʪʝʨʤʦʤʝʪʨʦʤ ʪʘ ʥʘʛʨʽʚʘʣʴʥʠʤ 

ʝʣʝʤʝʥʪʦʤ; 

- ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʝʣʝʢʪʨʦʤʝʨʝʞʽ; 

- ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

ʙʫʜʠʥʢʫ; 

- ʧʨʦʙʥʠʡ ʟʘʧʫʩʢ ʩʠʩʪʝʤʠ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʧʨʘʚʜʘʥʠʤ, ʷʢʱʦ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʫʩʪʘʥʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʦʪʷʞʥʽʩʪʴ ʪʝʧʣʦʚʠʭ 

ʤʝʨʝʞ ʩʧʦʞʠʚʘʯʘ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʚ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʙʘʯʝʥʥʽ ʦʢʫʧʦʚʫʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ. ʈʦʟʛʣʷʥʝʤʦ ʤʦʞʣʠʚʫ ʩʭʝʤʫ ʧʽʜʢʣʶʯʝʥʥʷ ʊʅʋ ʜʣʷ 

ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ ʥʘ ʨʠʩ.1, ʨʦʟʨʦʙʣʝʥʫ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ [8]: 

ʑʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ, ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʥʠʟʢʠ ʫʤʦʚ: 

- ʧʨʠʤʽʝɦʥʥʷ ʤʘʻ ʙʫʪʠ ʷʢʽʩʥʦ ʫʪʝʧʣʝʥʠʤ (ʪʝʧʣʦʚʪʨʘʪʠ ʥʝ ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ 100 ɺʪ/ʤĮ); 

- ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ ʚʠʛʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʦʧʘʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ʎʝʡ 

ʢʨʠʪʝʨʽʡ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʽ ʪʝʧʣʦʾ ʧʽʜʣʦʛʠ [9], ʦʩʢʽʣʴʢʠ ʾʾ ʪʝʤʧʝʨʘʪʫʨʘ 35-40ÁC. ʂʂɼ ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ ʽ ʚʠʭʽʜʥʦʛʦ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʊʅʋ: 

- ʭʦʣʦʜʦʘʛʝʥʪ ʥʘʜʭʦʜʠʪʴ ʫ ʚʠʧʘʨʥʠʡ ʢʦʥʪʫʨ ʽ ʟʤʽʥʶʻ ʩʚʽʡ ʘʛʨʝʛʘʪʥʠʡ ʩʪʘʥ. ʇʨʠ ʧʝʨʝʭʦʜʽ ʟ ʨʽʜʢʦʛʦ 

ʩʪʘʥʫ ʚ ʛʘʟʦʧʦʜʽʙʥʠʡ ʟ ʩʝʨʝʜʦʚʠʱʘ ʧʦʛʣʠʥʘʻʪʴʩʷ ʪʝʧʣʦ; 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧʨʝʩʦʨʘ ʛʘʟ ʧʽʜ ʟʥʘʯʥʠʤ ʪʠʩʢʦʤ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚ ʤʽʩʮʝ ʜʝ ʥʝʦʙʭʽʜʥʦ ʚʽʜʜʘʪʠ 

ʪʝʧʣʦ. ʇʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʛʦ ʭʦʣʦʜʦʘʛʝʥʪʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ; 

- ʩʪʠʩʥʫʪʠʡ ʛʘʟ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢʫ ʢʦʥʜʝʥʩʫʻʪʴʩʷ, ʚʽʜʜʘʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʘʢʦʧʠʯʝʥʫ ʝʥʝʨʛʽʶ; 

- ʪʝʧʣʦ, ʱʦ ʚʠʚʽʣʴʥʠʣʦʩʷ, ʧʝʨʝʜʘʻʪʴʩʷ ʨʽʜʠʥʽ, ʷʢʘ ʮʠʨʢʫʣʶʻ ʚ ʩʠʩʪʝʤʽ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ. 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʊʅʋ ʜʣʷ ʧʨʠʚʘʪʥʠʭ ʙʫʜʠʥʢʽʚ, 

ʨʦʟʨʦʙʣʝʥʘ ʥʘ ʦʩʥʦʚʽ ʜʦʩʣʽʜʞʝʥʴ [8] 

 

ʜʝ ʊʅʋ ï ʪʝʧʣʦʥʘʩʦʩʥʘ ʫʩʪʘʥʦʚʢʘ; 

ʂʄ ï ʢʦʤʧʨʝʩʦʨ; 

ʂʪʥʫ ï ʢʦʥʜʝʥʩʘʪʦʨ ʊʅʋ; 

ʇʆ ï ʧʝʨʝʦʭʦʣʦʜʞʫʚʘʯ; 

ɺʪʥʫ ï ʚʠʧʘʨʥʠʢ ʊʅʋ; 

ʊʊ ï ʪʝʧʣʦʚʘ ʪʨʫʙʘ; 

ʂʪʪ  ï ʢʦʥʜʝʥʩʘʪʦʨ ʊʊ; 

ɺʪʪ  ï ʚʠʧʘʨʥʠʢ ʊʊ; 

ʈɽʇ ï ʨʝʛʫʣʷʪʦʨ ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ; 

ʊʆ ï ʪʝʧʣʦʦʙʤ̔ʥʥʠʢ. 



 ˟̨̖̘̆̎ ̨̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ4, 2022 (311) 17 

ɽʥʝʨʛʽʷ ʟʜʘʪʥʘ ʙʝʟ ʦʙʤʝʞʝʥʥʷ ʧʦʩʪʽʡʥʦ ʧʝʨʝʤʽʱʘʪʠʩʷ ʚʽʜ ʧʨʠʩʪʨʦʶ, ʜʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʾʾ ʚʽʜʙʽʨ, ʜʦ 

ʨʘʜʽʘʪʦʨʽʚ ʦʧʘʣʝʥʥʷ, ʪʦʤʫ ʮʝʡ ʧʨʦʮʝʩ ʥʘʛʘʜʫʻ ʩʧʦʩʽʙ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʙʫʜʴ- ʢ̫ʠʭ ʨʽʜʢʠʭ ʘʙʦ ʛʘʟʦʧʦʜʽʙʥʠʭ 

ʨʝʯʦʚʠʥ. ʅʘʚʽʪʴ ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʪʝʧʣʦʚʠʡ ʥʘʩʦʩ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʘʣʝʥʥʷ ʙʫʜʠʥʢʫ, 

ʩʧʦʞʠʚʘʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʠʡ ʩʧʦʩʽʙ ʦʙʽʛʨʽʚʫ ʦʙʽʡʜʝʪʴʩʷ ʟʥʘʯʥʦ ʜʝʰʝʚʰʝ ʟʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʧʝʯʝʡ ʽ ʢʦʪʣʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʻ ʝʢʦʥʦʤʽʯʥʦ ʚʠʧʨʘʚʜʘʥʠʤ, ʷʢʱʦ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʽʩʮʽ ʫʩʪʘʥʦʚʢʠ ʦʙʣʘʜʥʘʥʥʷ. 

ʋ ʝʥʝʨʛʦʜʝʬʽʮʠʪʥʠʭ ʨʝʛʽʦʥʘʭ ʟ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʠʭ ʥʘʩʦʩʽʚ ʤʘʻ 

ʨʦʟʛʣʷʜʘʪʠʩʷ ʣʠʰʝ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʥʘʧʨʷʤʦʢ, ʪʘʢ ʷʢ ʧʨʠ ʧʝʨʝʭʦʜʽ ʟ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʦʧʘʣʝʥʥʷ ʥʘ ʥʘʩʦʩ 

(ʥʘʚʽʪʴ ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʜʞʝʨʝʣʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʘ) [10] ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ 

ʟʨʦʩʪʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʥʝʨʛʦʩʠʩʪʝʤʫ ʫ ʟʚ'ʷʟʢʫ ʽʟ ʩʧʦʞʠʚʘʥʥʷʤ ʥʘʩʦʩʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 
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ɼɺʆʊɸʂʊʅɯ ɹʋʌɽʈʅɯ ʇʈʀʉʊʈʆɰ ʅɸʇʈʋɻʀ ʅɸ ɹɯʇʆʃʗʈʅʀʍ 

ʊʈɸʅɿʀʉʊʆʈɸʍ 
 
ˠ ̨̒̓́̓̓ ̑̏̈̑̏̂̌̆̎̏ ̨̅̃̏̓́̋̓̎ ̨̂̔̆̑̎̕ ̩̐̑̉̒̓̑̏ ̎́̐̑̔̄̉ ̎́ ̨̠̖̂̐̏̌̑̎̉ ̖̓̑́̎̈̉̒̓̏̑́ ̨̈ ̨̨̝̍̎̍́̌̎̉̍ 

̘̠̈̎́̆̎̎̍ ̨̖̃̅̎̏̄̏ ̒̓̑̔̍̔Ȣ ˑ̠̌ ̠̔̒̔̎̆̎̎ ̩́̅̉̓̉̃̎̏ ̖̐̏̉̂̋̉ ̈́̐̑̏̐̏̎̏̃́̎̏ ̍̆̓̏̅ȟ ̏̚ ̤̝̠̂́̈̔̓̒ ̎́ ̨̃̃̆̅̆̎̎ ̅̏ 
̖̒̆̍̉ ̅̃̏̓́̋̓̎̏̄̏ ̨̖̃̉̅̎̏̄̏ ̨̟̘̐̅̒̉̌̃́́ ̨̐̏̓̔̇̎̏̒̓Ȣ ˔́̐̑̏̐̏̎̏̃́̎̉̊ ̂̔̆̑̕ ̎́̐̑̔̄̉ ̤̝̠̒̋̌́̅́̓̒ ̈ ̂̔̆̑̎̏̄̏̕ 
̆̌̆̍̆̎̓́ ̓́ ̨̟̘̐̅̒̉̌̃́́ ̨̐̏̓̔̇̎̏̒̓Ȣ ˑ̏̃̆̅̆̎̏ȟ ̏̚ ̊̏̄̏ ̠̈́̒̓̏̒̔̃́̎̎ ̠̤̅̏̈̃̏̌ ̨̒̓̏̓̎̏ ̨̝̙̈̂̌̉̓̉ ̒̓̑̔̍ȟ ̏̚ 
̨̤̝̠̃̅̅́̓̒ ̨̖̟̃̉̅̎̏ ̙̟̉̎̏ ̟̐̑̉̒̓̑̏ ̔ ̠̎́̃́̎̓́̇̆̎̎Ȣ ˞̖̆̍́ ̂̔̆̑̎̏̄̏̕ ̟̐̑̉̒̓̑̏ ̤̍́ ̝̎̉̈̋̉̊ ̨̝̑̃̆̎ ̨̖̃̅̎̏̄̏ 
̒̓̑̔̍̔Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̨̖̃̅̎̉̊ ̋́̒̋́̅ ̂̔̆̑̎̏̄̏̕ ̆̌̆̍̆̎̓́ ̨̑̆́̌̈̔̃́̓̉ ̎́ ̖̒̋̌́̅̆̎̉ ̖̓̑́̎̈̉̒̓̏̑́ ˥̩̉̋̌́ȟ ̏̚ 
̘̤̈́̂̆̈̐̆̔ ̨̒̓̏̓̎̆ ̠̈̎̉̇̆̎̎ ̈̒̔̃̔ ̠̎̔̌ ̅̏ ̨̠̑̃̎ φτ ̎ˍȢ ˚̨̠̝́̃̎̒̓ ̨̟̘̐̅̒̉̌̃́́ ̨̐̏̓̔̇̎̏̒̓ ̤̄́̑́̎̓̔ ̃̉̒̏̋̔ 
̨̨̨̝̌̎̊̎̒̓ ̩̐̆̑̆̅́̓̎̏ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̃ ̨̨̅́̐́̈̏̎ ̨̖̃̉̅̎̏̄̏ ̒̓̑̔̍̔ ° 5 ̍ ˍȢ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̃̉̒̏̋̏̌̎̊̎̉̊ ̅̃̏̓́̋̓̎̉̊ ̂̔̆̑̎̉̊̕ ̨̐̑̉̒̓̑̊ȟ ̨̠̂̐̏̌̑̎̉̊ ̓̑́̎̈̉̒̓̏̑ȟ ́̅̉̓̉̃̎́ 
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PUSH-PULL VOLTAGE BUFFER DEVICES ON BIPOLAR TRANSISTORS  
 

The article proposes linear push-pull buffer devices on bipolar transistors. A highly linear push-pull voltage buffer device with 
parametric zero shift compensation is considered. A variant of the construction of a highly linear push-pull voltage buffer device on bipolar 
transistors with a minimum value of the input current is proposed. The purpose of the work is to minimize the additive error of the buffer 
device by significantly reducing the input current. Analytical relations are given that allow estimating the additive error of the zero shift. The 
schematic diagram of a two-stroke buffer device with an internal zero-shift compensation generator is also considered. It is noted that the 
technological spread of transistor parameters will not allow to significantly reduce this error. To eliminate this shortcoming, the authors 
proposed a method based on the introduction of a two-stroke output power amplifier into the circuit. Such a voltage buffer consists of two 
parts: a buffer element and a power amplifier. It is noted that the load capacity of the buffer element is not high, so the use of a power 
amplifier allows you to significantly increase it, and, accordingly, to increase the current supplied by the output bus of the device to the load. 
It is shown that the proposed scheme of the buffer device has a low level of input current (at the level of no more than 20nA). It is also noted 
that the presence of a power amplifier allows maintaining the balance between the input and output potentials of the circuit and ensuring 
high linearity of the transfer characteristic, regardless of possible changes in the output current in the specified range. It is proposed to 
implement the input stage of the buffer element on compound Shikla transistors, which ensures a significant reduction of the zero shift to the 
level of 20 nA. The presence of a power amplifier guarantees high linearity of the transmission characteristic in the output current range of ° 
5 mA. 

Key words: performance, analog-digital conversion, structural and informational redundancy, bit-by-bit sequential balancing 
ADC. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɹʫʬʝʨʥʽ ʧʨʠʩʪʨʦʾ ʻ ʘʥʘʣʦʛʦʚʠʤʠ ʚʫʟʣʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ, 

ʟʦʢʨʝʤʘ, ʙʘʛʘʪʦʨʦʟʨʷʜʥʠʭ ʩʠʩʪʝʤʥʠʭ ɸʎʇ ʽ ʎɸʇ, ʷʢʽ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʪʦʯʥʠʭ ʩʠʩʪʝʤ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʨʝʻʩʪʨʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ [1 ╖  7]. ɹʫʬʝʨʥʽ ʧʨʠʩʪʨʦʾ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʫʟʛʦʜʞʝʥʥʷ 

ʦʧʦʨʫ ʛʝʥʝʨʘʪʦʨʘ ʩʠʛʥʘʣʫ ʟ ʦʧʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʧʦ ʩʫʪʽ ʻ ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʧʦʪʫʞʥʦʩʪʽ. ʇʨʠ ʮʴʦʤʫ ʙʫʬʝʨ 

ʥʘʧʨʫʛʠ (ɹʅ) ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʦʧʦʨʽʚ ʟ ʚʠʩʦʢʠʤ ʚʭʽʜʥʠʤ ʪʘ ʥʠʟʴʢʠʤ ʚʠʭʽʜʥʠʤ ʦʧʦʨʘʤʠ. 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʥʘʧʨʫʟʽ ɹʅ ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ. ʉʪʨʫʤ, ʷʢʠʡ ʚʠʜʘʻʪʴʩʷ ɹʅ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʤʦʞʝ ʙʫʪʠ 

ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ, ʥʽʞ ʚʭʽʜʥʠʡ. ʊʘʢʽ ʙʫʬʝʨʥʽ ʧʨʠʩʪʨʦʾ ʥʘʟʠʚʘʶʪʴ ʧʦʚʪʦʨʶʚʘʯʘʤʠ ʥʘʧʨʫʛʠ. ɹʫʬʝʨ ʩʪʨʫʤʫ 

(ɹʉ), ʥʘʚʧʘʢʠ, ʤʘʻ ʥʠʟʴʢʠʡ ʚʭʽʜʥʠʡ ʪʘ ʚʠʩʦʢʠʡ ʚʠʭʽʜʥʠʡ ʦʧʦʨʠ. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʧʦ ʩʪʨʫʤʫ ɹʉ, ʷʢ 

ʧʨʘʚʠʣʦ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ  ̔ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʧʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ɺʽʜʦʤʠʡ ʜʚʦʪʘʢʪʥʠʡ ʙʫʬʝʨʥʠʡ ʧʨʠʩʪʨʽʡ ʥʘʧʨʫʛʠ ʟ ʧʘʨʘʤʝʪʨʠʯʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ ʟʩʫʚʫ ʥʫʣʷ, 

ʨʦʟʛʣʷʥʫʪʠʡ ʫ [8]. ʆʜʥʠʤ ʽʟ ʥʝʜʦʣʽʢʽʚ ʡʦʛʦ ʻ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʩʫʚʫ ʥʫʣʷ Iʟʩ.0 (ʥʘ 

ʨʽʚʥʽ 1 ʤʢɸ).  ʋ ʚʠʧʘʜʢʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʣʦʧʦʪʫʞʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʚʠʩʦʢʦʾ 

ʘʜʠʪʠʚʥʦʾ ʧʦʭʠʙʢʠ. ʎʝ ʧʦʚôʷʟʘʥʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫ ʩʭʝʤʽ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ. ʉʧʨʦʙʘ ʞ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʣʴʦʚʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ ʦʜʥʦʟʥʘʯʥʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʭʽʜʥʦʾ ʧʦʭʠʙʢʠ ʟʩʫʚʫ ʥʫʣʷ ʧʦ ʥʘʧʨʫʟʽ, ʜʣʷ 

ʢʦʨʠʛʫʚʘʥʥʷ ʷʢʦʾ ʜʦʚʝʜʝʪʴʩʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʩʢʣʘʜʥʝ ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʞ ʜʦ ʪʦʛʦ ʤʦʞʝ ʟʥʠʟʠʪʠ 

ʰʚʠʜʢʦʜʽʶ ʧʨʠʩʪʨʦʶ. ɸʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ 

ʧʨʠʩʪʨʦʶ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤ ʟʥʘʯʝʥʥʷʤ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ Iʚʭ. ʇʨʠ ʮʴʦʤʫ, ʚʘʨʪʦ 

ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʻ ʤʘʣʦʚʽʜʦʤʠʤ ʪʘ ʜʦʩʠʪʴ ʜʽʻʚʠʤ, ʪʦʤʫ ʪʝʤʘ ʩʪʘʪʪʽ, ʧʨʠʩʚʷʯʝʥʘ ʤʝʪʦʜʫ 
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ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʽʥʽʡʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ ʥʘ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ, ʻ ʘʢʪʫʘʣʴʥʦʶ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʥʠʞʝʥʥʷ ʘʜʠʪʠʚʥʦʾ ʧʦʭʠʙʢʠ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘ ʨʘʭʫʥʦʢ ʽʩʪʦʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 

(ʥʘ 1 ╖ 2 ʧʦʨʷʜʢʠ) ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʩʫʚʫ ʥʫʣʷ Iʟʩ.0.  

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʶʪʴ: 

- ʚ ʘʥʘʣʽʟʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʦʙʫʜʦʚʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 

ʪʘ ʩʧʝʮʠʬʽʢʠ ʩʢʣʘʜʦʚʠʭ ʾʾ ʢʦʥʬʽʛʫʨʘʮʽʾ; 

-  ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʭʝʤʠ ʷʜʨʘ ʙʫʬʝʨʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʧʦʙʫʜʦʚʠ; 

- ʫ ʚʠʚʝʜʝʥʥʽ ʘʥʘʣʽʪʠʯʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʮʽʥʠʪʠ ʘʜʠʪʠʚʥʫ ʧʦʭʠʙʢʫ ʟʩʫʚʫ ʥʫʣʷ. 

ɺʠʩʦʢʦʣʽʥʽʡʥʽ ʙʫʬʝʨʥʽ ʧʨʠʩʪʨʦʾ 

ɯʩʥʫʶʪʴ ʜʝʷʢʽ ʚʘʨʽʘʥʪʠ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʽʥʽʡʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ 

ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʥʘʚʝʜʝʥʦʛʦ ʥʘ ʨʠʩ. 1. 

ʉʭʝʤʘ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʥʫʪʨʽʰʥʽʤ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʟʩʫʚʫ ʥʫʣʷ ʤʽʩʪʠʪʴ 

ʚʭʽʜʥʠʡ ʢʘʩʢʘʜ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ VT2, VT3. ʇʨʠ ʮʴʦʤʫ ʚʭʽʜʥʠʡ ʩʪʨʫʤ Iʚʭ ʟʩʫʚʫ ʥʫʣʷ ʜʦʨʽʚʥʶʻ  

Iʚʭ = ɯʙ2 ï ɯʙ3, 

ʜʝ  ɯʙ2, ɯʙ3  ╖  ʙʘʟʦʚʽ ʩʪʨʫʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʨʦʙʦʯʠʭ ʩʪʨʫʤʽʚ ɯp =1mA, 100n p nb- -º , 50p n pb- -= , ʪʦ ɯʚʭ 

= 10 ʤʢɸ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ ʨʽʚʥʷ ʧʦʭʠʙʢʠ ʟʩʫʚʫ ʥʫʣʷ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʫ ʥʘʚʝʜʝʥʽʡ 

ʥʘ ʨʠʩ. 1 ʩʭʝʤʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʥʫʪʨʽʰʥʽʡ ʛʝʥʝʨʘʪʦʨ ʢʦʤʧʝʥʩʘʮʽʾ ʟʩʫʚʫ  ʥʫʣʷ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ VT5  ╖  VT10. 

 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ  

ʟ ʚʥʫʪʨʽʰʥʽʤ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʤʧʝʥʩʘʮʽʾ ʟʩʫʚʫ ʥʫʣʷ ɯʟʩ.0 

 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʢʠʜ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʥʟʠʩʪʦʨʽʚ ʥʝ ʜʦʟʚʦʣʠʪʴ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʮʶ 

ʧʦʭʠʙʢʫ [9]. ʊʨʝʙʘ ʪʘʢʦʞ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʟ ʚʠʭʦʜʫ ʩʭʝʤʠ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʜʘʪʢʦʚʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʨʦʟʙʘʣʘʥʩʫ ʧʦʪʝʥʮʽʘʣʽʚ ʤʽʞ ʚʭʦʜʦʤ ʽ ʚʠʭʦʜʦʤ, ʱʦ ʩʧʨʠʯʠʥʠʪʴ ʜʦʜʘʪʢʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʘʜʠʪʠʚʥʦʾ 

ʧʦʭʠʙʢʠ, ʘ ʪʘʢʦʞ ʧʦʛʽʨʰʝʥʥʷ ʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʢʘʟʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʰʠʡ ʧʽʜʭʽʜ ʜʦ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ 

ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟ ʚʠʭʽʜʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʪʫʞʥʦʩʪʽ. ʉʫʪʴ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʨʦʟʛʣʷʥʝʤʦ 

ʥʠʞʯʝ. 

ɸʥʘʣʽʟ ʩʭʝʤʠ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ 

 ʟ ʚʠʭʽʜʥʠʤ ʧʽʜʩʠʣʶʚʘʯʝʤ ʧʦʪʫʞʥʦʩʪʽ 

ɿʘʛʘʣʴʥʫ ʧʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʜʚʦʪʘʢʪʥʦʛʦ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʙʫʬʝʨʘ ʥʘʧʨʫʛʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʇʝʨʰʘ ʯʘʩʪʠʥʘ (I) ʤʽʩʪʠʪʴ ʩʭʝʤʫ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʝʣʝʤʝʥʪʘ [10]. ɰʾ 

ʧʦʙʫʜʦʚʘʥʦ ʥʘ 16 ʪʨʘʥʟʠʩʪʦʨʘʭ (Q1 ╖ Q14, Q¡11, Q¡12). ɺʭʽʜʥʠʡ ʢʘʩʢʘʜ ʙʫʬʝʨʥʦʛʦ ʝʣʝʤʝʥʪʘ (ɹɽ) ʧʦʙʫʜʦʚʘʥʦ  



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 4, 2022 (311) 20 

 

 

 

ʥʘ n-p-n ʽ p-n-p ʩʢʣʘʜʝʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ ʐʠʢʣʘʾ [4], ʯʦʪʠʨʴʦʭ ʛʝʥʝʨʘʪʦʨʘʭ ʨʦʙʦʯʠʭ ʩʪʨʫʤʽʚ I1 ╖ I4, ʱʦ 

ʟʘʜʘʶʪʴ ʧʦʪʨʽʙʥʽ ʨʝʞʠʤʠ ʟʤʽʱʝʥʥʷ. ɺʠʭʽʜ ɹɽ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ Q11, Q12, Q¡11, Q¡12. ʅʘ ʡʦʛʦ 

ʚʠʭʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʥʘʧʨʫʛʘ Uʚʠʭ ɹɽ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʜʦʨʽʚʥʶʻ Uʚʭ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 
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ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ɹɽ ʻ ʥʝʚʠʩʦʢʦʶ. ɼʣʷ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʫ ʧʨʠʩʪʨʽʡ ʚʚʦʜʠʪʴʩʷ ʜʚʦʪʘʢʪʥʠʡ ʧʽʜʩʠʣʶʚʘʯ 

ʧʦʪʫʞʥʦʩʪʽ (ɼʇʇʊ)  ╖  ʯʘʩʪʠʥʘ II (ʨʠʩ. 1). ʁʦʛʦ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʚʦʪʘʢʪʥʦʶ ʩʭʝʤʦʶ [11]. ʋʚʝʜʝʥʥʷ 

ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʧʦʢʨʘʱʠʪʠ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʧʨʠʩʪʨʦʶ ʽ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʠʪʠ ʩʪʨʫʤ, ʷʢʠʡ ʚʽʜʜʘʻʪʴʩʷ ʟ ʚʠʭʽʜʥʦʾ ʰʠʥʠ ʧʨʠʩʪʨʦʶ °Uʚʠʭ ʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ɹɽ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʟʥʘʯʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ Iʚʭ ʥʘ ʨʽʚʥʽ:  

I
I   .

n p n p n p

ʨ
ʚʭ
b b- - - -

¢  

ʗʢʱʦ Ip=1mA, 100n p nb- -º , 50,p n pb- -º  ʪʦ Iʚʭ Ò 200 ʥɸ. 

ʉʭʝʤʘ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʟʘʙʝʟʧʝʯʫʻ ʪʘʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

- ʜʽʘʧʘʟʦʥ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ: Ñ 5ɺ; 

- ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ: Ñ 5 ʤɸ; 

- ʧʦʭʠʙʢʘ ʟʩʫʚʫ ʥʫʣʷ DUʟʩ.0
 
Ò 1 ʤʢɺ; 

- ʧʦʭʠʙʢʘ ʤʘʩʰʪʘʙʫ dʤ
 
Ò 1

410 %- ; 

- ʧʦʭʠʙʢʘ ʣʽʥʽʡʥʦʩʪʽ dʣ
 
= 5

610 %-  ; 

- ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʟʩʫʚʫ ʥʫʣʷ Iʟʩ.0 Ò 200 ʥɸ 
ʈʦʟʛʣʷʥʫʪʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

  

 
ʈʠʩ. 3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʩʦʢʦʣʽʥʽʡʥʦʛʦ ʜʚʦʪʘʢʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ: 

ʘ) ʧʦʭʠʙʢʘ ʤʘʩʰʪʘʙʫ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʨʠʩʪʠʢʠ DUʤ; 

ʙ) ʧʦʭʠʙʢʘ ʣʽʥʽʡʥʦʩʪʽ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ DUʣ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʚʭʽʜʥʦʛʦ 

ʩʪʨʫʤʫ Iʟʩ.0 Ò 200 ʥɸ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʠʭʽʜʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ ʙʘʣʘʥʩ ʤʽʞ ʚʭʽʜʥʠʤ ʽ ʚʠʭʽʜʥʠʤ 

ʧʦʪʝʥʮʽʘʣʘʤʠ ʩʭʝʤʠ ʚ ʫʤʦʚʘʭ ʧʨʦʪʽʢʘʥʥʷ ʩʪʨʫʤʫ ʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʣʽʥʽʡʥʽʩʪʴ 

ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ. 

ɺʠʩʥʦʚʢʠ 

ʋ ʩʪʘʪʪʽ ʧʦʜʘʥʦ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʥ̔ʡ̔ʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʽʚ ʥʘʧʨʫʛʠ. ʇʦʢʘʟʘʥʦ, ʱʦ, 

ʚʥʘʩʣʽʜʦʢ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʧʦʣʷʨʥʠʭ  ʪʨʘʥʟʠʩʪʦʨʽʚ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʩʫʚʫ ʥʫʣʷ, ʪʨʝʙʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʢʦʤʧʝʥʩʘʮʽʶ ʚʭʽʜʥʦʛʦ ʨʽʟʥʠʮʝʚʦʛʦ ʩʪʨʫʤʫ. ʎʝ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʧʦʭʠʙʢʫ ʧʨʠʙʣʠʟʥʦ ʚ ( )n p n p n pb b- - - -- -ʨʘʟʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʥ̔ʽʡʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʽʚ ʥʘʧʨʫʛʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʚʠʭʽʜʥʦʛʦ ʜʚʦʪʘʢʪʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʶ ʚʭʽʜʥʦʛʦ ʢʘʩʢʘʜʫ ʙʫʬʝʨʥʦʛʦ ʝʣʝʤʝʥʪʫ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʩʢʣʘʜʝʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʽʩʪʦʪʥʝ ʟʥʠʞʝʥʥʷ ʚʭʽʜʥʦʛʦ ʩʪʨʫʤʫ ʟʩʫʚʫ ʥʫʣʷ, ʘ 

ʪʘʢʦʞ ʚʠʩʦʢʫ ʣʽʥʽʡʥʽʩʪʴ ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʜʽʘʧʘʟʦʥʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʆʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʘʜʠʪʠʚʥʦʾ ʧʦʭʠʙʢʠ ʜʚʦʪʘʢʪʥʦʛʦ 

ʚʠʩʦʢʦʣʥ̔ʽʡʥʦʛʦ ʙʫʬʝʨʘ ʥʘʧʨʫʛʠ.  

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʧʦʣʷʛʘʻ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʚʠʩʦʢʦʣʥ̔ʽʡʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʽʚ 

ʥʘʧʨʫʛʠ, ʱʦ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ, ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 
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ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʘʜʠʪʠʚʥʫ ʧʦʭʠʙʢʫ ʩʭʝʤʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʣʽʥʽʡʥʽʩʪʴ 

ʧʝʨʝʜʘʪʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʘʢʪʠʯʥʘ ʟʥʘʯʠʤʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʩʪʚʦʨʝʥʥʽ ʚʠʩʦʢʦʣʥ̔ʽʡʥʠʭ ʜʚʦʪʘʢʪʥʠʭ ʙʫʬʝʨʽʚ ʥʘʧʨʫʛʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʜʦʜʘʪʢʦʚʠʤʠ ʘʧʘʨʘʪʥʠʤʠ ʚʠʪʨʘʪʘʤʠ. 
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ʊɽʈʄʆʉʊɸɹɯʃʔʅɯ ɼɾɽʈɽʃɸ ʆʇʆʈʅʆɻʆ ʉʊʈʋʄʋ ɯ ʅɸʇʈʋɻʀ ɼʃʗ 

ɺʀʉʆʂʆʃɯʅɯʁʅʆɰ ʉʀʉʊɽʄʀ ɸʅɸʃʆɻ-ʂʆɼ-ɸʅɸʃʆɻ 
 

 ɣ̑ ̨̏̂̏̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̨̖̐̅̏̅̉ ̅̏ ̐̏̂̔̅̏̃̉ ̅̇̆̑̆̌ ̩̏̐̏̑̎̏ ̎́̐̑̔̄̉ ̓́ ̒̓̑̔̍̔ȟ ̃ ̘̉̈̎́̆̎̏ ̩̖ ̐̆̑̆̃́̄̉ ̓́ 
̨̎̆̅̏̌̋̉Ȣ ˜̑̆̅̒̓́̃̌̆̎̉̊ ̍̆̓̏̅ ̠̤̅̏̈̃̏̌ ̏̓̑̉̍̔̃́̓̉ ̨̝̓̆̑̍̏̒̓́̂̌̎̔ ̏̐̏̑̎̔ ̎́̐̑̔̄̔ ̔ ̝̅̏̒̉̓ ̙̖̉̑̏̋̉ 
̨̖̅́̐́̈̏̎́ ̩̩ ̨̠̈̍̎̆̎̎ ̎́ ̨̖̃̉̏̅ ̖̒̆̍̉Ȣ ˠ ̨̒̓́̓̓ ̎́̃̆̅̆̎̏ ̨̈́̐̑̏̐̏̎̏̃́̎ ̖̒̆̍ ̠̉̅̌ ̨̨̗̩̑̆́̌̈́ ̅̇̆̑̆̌ ̩̏̐̏̑̎̏ 
̎́̐̑̔̄̉ ̓ ́ ̒̓̑̔̍̔. ˏ ̉̃̆̅̆̎̏ ̨̨̘́̎́̌̓̉̎ ̃̉̑́̈̉ȟ ̏̚ ̟̝̏̐̉̒̔̓ ̨̗̠̔̎̋̏̎̔̃́̎̎̕ ̖̈́̐̑̏̐̏̎̏̃́̎̉ ̖̒̆̍ ̓́ ̟̝̐̏̋́̈̔̓ 
̨̍̏̇̌̉̃̒̓ ̝ ̠̏̓̑̉̍́̎̎ ̘̐̑́̋̓̉̎̏ ̝̎̔̌̏̃̏̄̏ ̓̆̍̐̆̑́̓̔̑̎̏̄̏ ̨̨̗̤̋̏̆̎̓̔̕ ̠̅̌ ̖̎̉Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̠̐̆̑̆̓̃̏̑̆̎̎ ̨̒̉̄̎́̌̃ȟ ̃́̄̏̃́ ̨̙̝̎́̅̌̉̋̏̃̒̓ȟ ̅̇̆̑̆̌̏ ̩̏̐̏̑̎̏ ̎́̐̑̔̄̉, 
̨̨̝̝̓̆̑̍̏̒̓́̂̌̎̒̓ȟ ̨̗̠̋̏̍̐̆̎̒́ȟ ̄̆̎̆̑́̓̏̑ ̏̐̏̑̎̏̄̏ ̒̓̑̔̍̔. 
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THERMOSTABLE REFERENCE CURRENT AND VOLTAGE SOURCES FOR HIGH -LINEAR ANALOGUE -CODE-

ANALOGUE SYSTEM  
 

DC sources and reference voltage sources are widely used in various electronic devices: analog-to-digital and digital-to-analog 
converters, DC amplifiers, sample-and-hold devices, stabilized voltage sources, and others. At the same time, the accuracy and temperature 
characteristics of the latter largely depend on the same characteristics of direct current and voltage sources, which are subject to stringent 
requirements. There are quite a lot of different approaches to the construction of reference voltage and current source circuits with thermal 
compensation. The most famous of them - with the use of thermally compensated zener diodes operating in reverse breakdown mode. 
However, devices based on them have a high power consumption and low efficiency and a high level of noise, and it is difficult to implement 
temperature drift compensation due to a wide spread of temperature characteristics. The so-called bandgap circuits are also widely used - 
transistor reference voltage sources, the value of the reference voltage of which is determined by the band gap of the semiconductor. The 
most famous of them are Vidlar's bandgaps and Brokau's bandgaps. The specificity of all bandgap circuits is the rigid binding of the output 
voltage to the band gap of the semiconductor. The article proposes an alternative approach to the construction of direct current and voltage 
sources, which consists in the use of circuits of two-pole direct current sources. A new approach to the construction of thermally stable 
reference current sources based on bipolar transistors using the band gap voltage of a semiconductor and current mirrors is proposed. The 
principles of operation of the circuits are described and the possibility of achieving thermal compensation is proved. Computer modelling of 
the static characteristics of the proposed reference current sources, in particular, the temperature drift of the currents, has been carried out. 
A new approach to the construction of thermally stable reference voltage sources based on bipolar transistors with the use of thermally 
stable reference current generators is proposed. Analytical expressions are obtained that describe operation of circuits of reference voltage 
sources according to the proposed approach. A method for increasing the loading capacity of these reference voltage sources is proposed. 

Keywords:  signal conversion, weight redundancy, reference voltage, thermal stability, compensation, reference current generator. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʞʝʨʝʣʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɼʇʉ) ʪʘ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ (ɼʆʅ) ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʷʭ: ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʠʭ ʽ ʮʠʬʨʦ ʘʥʘʣʦʛʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʘʭ [1], 

ʧʽʜʩʠʣʶʚʘʯʘʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ [2], ʧʨʠʩʪʨʦʷʭ ʚʠʙʽʨʢʠïʟʙʝʨʽʛʘʥʥʷ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ, ʜʞʝʨʝʣʘʭ 

ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʽʥʰʠʭ. ʇʨʠ ʮʴʦʤʫ ʪʦʯʥʽʩʥʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʘʥʥʽʭ ʟʥʘʯʥʦʶ 

ʤʽʨʦʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʘʥʘʣʦʛʽʯʥʠʭ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʇʉ ʽ ʜʦ ʥʠʭ ʚʠʩʫʚʘʶʪʴʩʷ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʱʦʜʦ 

ʤʽʥʽʤʘʣʴʥʦʾ ʧʦʭʠʙʢʠ, ʥʠʟʴʢʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ ʜʨʝʡʬʫ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʽʩʥʫʻ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ʜʞʝʨʝʣ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ ʪʘ ʩʪʨʫʤʫ ʟ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʻʶ. ʅʘʡʚʽʜʦʤʽʰʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʪʘʢʽ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʠʭ ʩʪʘʙʽʣʽʪʨʦʥʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʫ ʨʝʞʠʤʽ ʟʚʦʨʦʪʥʦʛʦ ʧʨʦʙʦʶ [1-3]. ʇʨʦʪʝ, ʧʨʠʩʪʨʦʾ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʧʦʞʠʚʘʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʽ ʚʝʣʠʢʠʡ ʨʽʚʝʥʴ ʰʫʤʽʚ. ʋ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ɼʆʅ, ʜʝ ʷʢ ʩʪʘʙʽʣʽʪʨʦʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʪʝʛʨʘʣʴʥʠʡ ʪʨʘʥʟʠʩʪʦʨʘ ʟʽ 

ʟʚʦʨʦʪʥʠʤ ʧʨʦʙʦʻʤ ʧʝʨʝʭʦʜʫ ʙʘʟʘ-ʝʤʽʪʝʨ[2]. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʪʝʤʧʝʨʘʪʫʨʥʫ ʢʦʤʧʝʥʩʘʮʽʶ ʜʨʝʡʬʫ ʧʨʠ ʮʴʦʤʫ 

ʚʘʞʢʦ ʨʝʘʣʽʟʫʚʘʪʠ ʯʝʨʝʟ ʰʠʨʦʢʠʡ ʨʦʟʢʠʜ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʯʠʥʘʶʯʠ ʟ 70-ʭ ʨʦʢʽʚ ʍʍ 

ʩʪʦʣʽʪʪʷ, ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʘʢ ʟʚʘʥʽ ʩʭʝʤʠ ʙʘʥʜʛʘʧ (bandgap) ï ʪʨʘʥʟʠʩʪʦʨʥʽ ɼʆʅ, ʟʥʘʯʝʥʥʷ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ 

ʷʢʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʰʠʨʠʥʦʶ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ[4-6]. ʅʘʡʚʽʜʦʤʽʰʠʤʠ ʩʝʨʝʜ ʥʠʭ ʻ ʙʘʥʜʛʘʧʠ 
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ɺʽʜʣʘʨʘ ʽ ɹʨʦʢʘʫ. ʅʝʜʦʣʽʢʦʤ ʩʭʝʤ ɺʽʜʣʘʨʘ ʻ ʩʢʣʘʜʥʽʩʪʴ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʘ ɹʨʦʢʘʫ ï ʥʘʷʚʥʽʩʪʴ ʦʧʝʨʘʮʽʡʥʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ ʟ ʦʢʨʝʤʠʤ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ ʞʠʚʣʝʥʥʷ. ʉʧʝʮʠʬʽʢʦʶ ʚʩʽʭ ʩʭʝʤ ʙʘʥʜʛʘʧʽʚ ʻ ʞʦʨʩʪʢʘ ʧʨʠʚôʷʟʢʘ 

ʜʦ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ (1205 ʤɺ) ʘʙʦ ʢʨʘʪʥʦʾ ʾʡ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʛʦ ʥʝʜʦʣʽʢʘ ʘʚʪʦʨʠ 

ʧʨʦʧʦʥʫʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ɼʇʉ ʽ ɼʆʅ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʭʝʤ 

ʜʚʦʧʦʣʶʩʥʠʭ ɼʇʉ. ɰʭʥʴʦʶ ʧʝʨʝʚʘʛʦʶ ʻ ʘʚʪʦʥʦʤʥʽʩʪʴ (ʚʥʫʪʨʽʰʥʷ ʟʘʤʢʥʝʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ), ʪʦʙʪʦ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʭʝʤ, ʚ ʷʢʠʭ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʷʭ ʢʽʣ. ʆʩʢʽʣʴʢʠ ʚʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʻ ʥʦʚʠʤ, ʜʦʮʽʣʴʥʠʤ ʻ ʨʦʟʢʨʠʪʪʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʦʤʫ ʦʙʨʘʥʘ ʪʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʦʚô̫ ʟʘʥʘ ʟ ʪʘʢʠʤ ʤʝʪʦʜʦʤ, ʻ ʘʢʪʫʘʣʴʥʦʶ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʰʠʨʝʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ɼʆʅ ʪʘ ɼʇʉ, ʱʦ ʧʦʣʷʛʘʻ ʫ 

ʘʥʘʣʽʟ ̔ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʩʭʝʤ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʠʭ ʜʚʦʧʦʣʶʩʥʠʭ ɼʇʉ ʢʽʣʴʮʝʚʦʛʦ ʪʠʧʫ ʪʘ ɼʆʅ ʥʘ ʾʭ 

ʦʩʥʦʚʽ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠ ʧʦʙʫʜʦʚʠ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʠʭ ʜʚʦʧʦʣʶʩʥʠʭ ɼʆʉ. ʇʦʙʫʜʦʚʘ 

ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʷʭ: ʟʘʣʝʞʥʽʩʪʴ ʥʘʧʨʫʛʠ ʥʘ 

p-n ʧʝʨʝʭʦʜʽ ʚʽʜ ʩʪʨʫʤʫ ʯʝʨʝʟ ʥʴʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ: 

ln 1 , lnT

T T

k T I k T I
U ʜʣʷI I U

q I q I

å õ å õÖ Ö
= Ö - º Öæ ö æ ö

ç ÷ ç ÷
,   (1) 

ʜʝ k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; 

     q ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ;  

     T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; 

     IT - ʪʝʧʣʦʚʠʡ ʩʪʨʫʤ p-n ʧʝʨʝʭʦʜʫ.  

ɿʥʘʯʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʩʪʨʫʤʫ ʙʽʣʴʰ ʪʦʯʥʦ ʟʘʜʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ [58]: 

3
Gq E

k T
T TOI I T e

Ö
-
Ö= Ö Ö ,                                                                 (2) 

ʜʝ IT0 ï ʜʝʷʢʘ ʢʦʥʩʪʘʥʪʘ; 

     EG ï ʥʘʧʨʫʛʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ.  

ʇʽʜʩʪʘʚʣʷʶʯʠ ʮʝ ʟʥʘʯʝʥʥʷ ʚ ʧʦʧʝʨʝʜʥʽʡ ʚʠʨʘʟ, ʦʪʨʠʤʘʻʤʦ: 

() ( ) ()( )ln ln 3 lnTO G

k T
U I I T E

q

Ö
= Ö - - Ö +.                                         (3) 

ʉʭʝʤʘ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʧʝʨʚʠʥʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʜʨʝʡʬʫ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʘ). 

    
ʘ)                                                                        ʙ) 

ʈʠʩ. 1. ɼʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ: ʘ) ʥʘʡʧʨʦʩʪʽʰʘ ʩʭʝʤʘ;  

ʙ) ʩʭʝʤʘ ʟ ʧʝʨʚʠʥʥʦʶ ʢʦʤʧʝʥʩʘʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ 
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ɺʦʥʘ ʤʽʩʪʠʪʴ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ T1-T2, ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ 

T31-T35 ʽ ʨʝʟʠʩʪʦʨʘʭ R1 ʽ R2 ʽ ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ T4. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ 

ʪʦʢʦʚʦʛʦ ʜʟʝʨʢʘʣʘ - 1, ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨʠ T31-T35  ʽ ʨʝʟʠʩʪʦʨ R1 ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ I1, ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 - 

ʩʪʨʫʤ I2, ʘ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ T4 ʧʨʦʪʽʢʘʻ ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ (I1+I2). ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ 

ʪʘʢʠʤ ʯʠʥʦʤ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʧʨʫʛʘ ʥʘ ʧʝʨʝʭʦʜʽ ʝʤʽʪʝʨ-ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ T4 ʧʘʜʘʻ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʧʘʜʘʻ ʩʪʨʫʤ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 (I2). ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ ʯʝʨʝʟ T4 ʧʨʦʪʽʢʘʻ ʩʪʨʫʤ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ 

ʙʽʣʴʰʠʡ, ʥʽʞ ʯʝʨʝʟ T31, ʥʘʧʨʫʛʘ ʥʘ ʧʝʨʝʭʦʜʽ ʝʤʽʪʝʨ - ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʽʚ T31-T35 ʧʘʜʘʻ ʰʚʠʜʰʝ, ʷʢ ʥʘʩʣʽʜʦʢ - 

ʥʘʧʨʫʛʘ ʥʘ R1 ʽ ʩʪʨʫʤ ʯʝʨʝʟ ʥʴʦʛʦ (I1) ʟʨʦʩʪʘʻ. ʇʽʜʙʦʨʦʤ ʨʝʟʠʩʪʦʨʽʚ R1 ʽ R2 ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ ʚʟʘʻʤʥʦʾ 

ʢʦʤʧʝʥʩʘʮʽʾ ʟʤʽʥʝʥʥʷ ʮʠʭ ʩʪʨʫʤʽʚ ʽ ʧʦʩʪʽʡʥʦʩʪʽ ʩʫʤʘʨʥʦʛʦ ʩʪʨʫʤʫ (I1+I2) ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ.  

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʣʝʞʥʽʩʪʴ Iɺʀʍ(T) ʜʣʷ ʜʘʥʦʾ ʩʭʝʤʠ, ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ Micro-Cap 

ʜʣʷ ʚʠʧʘʜʢʫ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ ʚʠʭʽʜʥʦʛʦ ʩʪʨʫʤʫ. ɺʽʜʭʠʣʝʥʥʷ Iɺʀʍ ʚ ʜʽʘʧʘʟʦʥʽ 

- 50ÁC...+50ÁC ʩʢʣʘʜʘʶʪʴ 3,3 ʤʢɸ ʧʨʠ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʽ 1 ʤɸ. 

ɹ̔ ʣʴʰ ʩʢʣʘʜʥʫ ʩʭʝʤʫ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʢʦʤʧʝʥʩʘʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ ʥʘ ʧʦʨʷʜʦʢ ʢʨʘʱʝ, ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1 ʙ. ɺʦʥʘ ʤʽʩʪʠʪʴ ʩʪʨʫʤʦʚʝ ʜʟʝʨʢʘʣʦ ʋʾʣʩʦʥʘ ʥʘ 

ʪʨʘʥʟʠʩʪʦʨʘʭ T1-T5, ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ T6-T7 ʽ ʨʝʟʠʩʪʦʨ ̔R1, ʽ ʛʝʥʝʨʘʪʦʨ ʦʧʦʨʥʦʾ 

ʥʘʧʨʫʛʠ ʥʘ ʪʨʘʥʟʠʩʪʦʨʽ T8 ʽ ʨʝʟʠʩʪʦʨʘʭ R2 ʽ R3. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʪʨʫʤʫ ʪʦʢʦʚʦʛʦ ʜʟʝʨʢʘʣʘ - 1, ʯʝʨʝʟ 

ʪʨʘʥʟʠʩʪʦʨʠ T6-T7  ʽ ʨʝʟʠʩʪʦʨ R1 ʧʨʦʪʽʢʘʻ ʩʫʤʘʨʥʠʡ ʩʪʨʫʤ (I1+I2), ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 ʽ R3 - ʩʪʨʫʤ I2, ʘ ʯʝʨʝʟ 

ʪʨʘʥʟʠʩʪʦʨ T8 - ʩʪʨʫʤ I1. ʊʝʤʧʝʨʘʪʫʨʥʘ ʢʦʤʧʝʥʩʘʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. ɿʘ ʫʤʦʚʠ, ʱʦ ʩʫʤʘʨʥʠʡ 

ʩʪʨʫʤ (I1+I2) (ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ) ,̔ ʷʢ ʥʘʩʣʽʜʦʢ, ʥʘʧʨʫʛʘ ʥʘ ʨʝʟʠʩʪʦʨʽ R1 ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʪʦ, ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʥʘʧʨʫʛʘ ʥʘ ʧʝʨʝʭʦʜʽ ʝʤʽʪʝʨ-ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ T7 ʧʘʜʘʻ, ʪʘʢʠʤ ʯʠʥʦʤ, ʧʘʜʘʻ ʩʪʨʫʤ 

ʯʝʨʝʟ ʜʽʣʴʥʠʢ ʥʘ ʨʝʟʠʩʪʦʨʘʭ R2 ʽ R3 (I2) ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʦʪʝʥʮʽʘʣ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ T8. ɿʘ ʨʘʭʫʥʦʢ ʪʦʛʦ, ʱʦ 

ʯʝʨʝʟ T8 ʽ T7 ʧʨʦʪʽʢʘʶʪʴ ʩʪʨʫʤʠ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ (ʯʝʨʝʟ T7 ʧʨʠʙʣʠʟʥʦ ʚ ɓ ʨʘʟʽʚ ʤʝʥʰʠʡ), ʥʘʧʨʫʛʘ ʥʘ 

ʧʝʨʝʭʦʜʽ ʝʤʽʪʝʨ-ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ T7 ʽ ʙʘʟʽ ʪʨʘʥʟʠʩʪʦʨʘ T8 ʤʘʻ ʧʘʜʘʪʠ ʰʚʠʜʰʝ, ʥʽʞ ʥʘʧʨʫʛʘ ʥʘ ʧʝʨʝʭʦʜʽ 

ʝʤʽʪʝʨ-ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ T8, ʟʘ ʫʤʦʚʠ, ʱʦ ʩʪʨʫʤ ʯʝʨʝʟ ʥʴʦʛʦ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʠʤ. ʗʢ ʥʘʩʣʽʜʦʢ, ʩʪʨʫʤ 

ʯʝʨʝʟ ʧʝʨʝʭʽʜ ʝʤʽʪʝʨ-ʙʘʟʘ ʪʨʘʥʟʠʩʪʦʨʘ T8 (I1) ʟʨʦʩʪʘʻ. ʇʽʜʙʦʨʦʤ ʨʝʟʠʩʪʦʨʽʚ R1, R2 ʽ R3 ʤʦʞʥʘ ʜʦʤʦʛʪʠʩʷ 

ʚʟʘʻʤʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʮʠʭ ʩʪʨʫʤʽʚ ʽ ʧʦʩʪʽʡʥʦʩʪʽ ʩʫʤʘʨʥʦʛʦ ʩʪʨʫʤʫ (I1+I2) ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. 

 

 
ʈʠʩ. 2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ Iɺʀʍ(T) ʜʣʷ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ɼʆʉ 

 
ʈʠʩ. 3. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ Iɺʀʍ(T) ʜʣʷ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʦʛʦ ɼʆʉ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 
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ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʟʘʣʝʞʥʽʩʪʴ Iɺʀʍ(T) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ ʚʠʭʽʜʥʦʛʦ 

ʩʪʨʫʤʫ, ʷʢʘ ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ Micro-Cap. ɺʽʜʭʠʣʝʥʥʷ Iɺʀʍ ʚ ʜʽʘʧʘʟʦʥʽ -50ÁC...+50ÁC 

ʩʢʣʘʜʘʶʪʴ 29 ʥɸ ʧʨʠ ʚʠʭʽʜʥʦʤʫ ʩʪʨʫʤʽ 1 ʤɸ. 

ʊʨʘʥʟʠʩʪʦʨʠ T3-T5 ʜʦʜʘʥʦ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʩʭʝʤʠ. ʆʪʨʠʤʘʥʝ ʧʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʫ 

Micro-Cap ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʦʧʦʨʫ ʩʭʝʤʠ ʩʢʣʘʜʘʻ 505 ʢʆʤ. 

ʈʘʟʦʤ ʽʟ ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ, ʥʝʦʙʭʽʜʥʠʤʠ ʻ ʪʝʨʤʦʩʪʘʙʽʣʴʥʽ ʜʞʝʨʝʣʘ 

ʦʧʦʨʥʦ ʾʥʘʧʨʫʛʠ. ʊʝʤʧʝʨʘʪʫʨʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘʢʠʭ ʜʞʝʨʝʣ ʦʧʦʨʥʦ ʾʥʘʧʨʫʛʠ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, 

ʪʝʧʣʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʢʪʠʚʥʠʭ ʽ ʧʘʩʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʭʝʤʠ, ʘ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʶ ʢʦʤʧʝʥʩʫʚʘʪʠ ʾʭ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʨʝʡʬʠ. ʈʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʙʘʟʦʚʦʛʦ ʚʫʟʣʘ ï ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ 

ʚ ʦʧʦʨʥʫ ʥʘʧʨʫʛʫ, ʥʘʚʝʜʝʥʫ ʥʘ ʨʠʩ. 4  ʘ). ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ Iʆʇ, ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ 

Iʈ, ʦʧʦʨʥʦʛʦ ʨʝʟʠʩʪʦʨʘ Rʆʇ, ɦ ʦ ʟʘʜʘʻ ʚʝʣʠʯʠʥʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ, ʪʨʘʥʟʠʩʪʦʨʽʚ Tɼ, Tʂʉ ʽ ʨʝʟʠʩʪʦʨʘ ʨʝʛʫʣʷʪʦʨʘ 

Rʂʉ. 

 

  
                                                             ʘ)                                                                                            ʙ) 

 
ʚ) 

ʈʠʩ. 4. ʊʝʨʤʦʩʪʘʙʽʣʴʥʝ ʜʞʝʨʝʣʦ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ: ʘ) ʬʦʨʤʫʚʘʯ ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʦʾ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ; ʙ) ʬʦʨʤʫʚʘʯ 

ʪʝʨʤʦʢʦʤʧʝʥʩʦʚʘʥʦʾ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʟ ʙʫʬʝʨʥʠʤ ʧʨʠʩʪʨʦʻʤ 

 

ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʩʪʘʥʦʚʠʪʠʤʝ: 

( ) ( )
*

ʆʇ ʂʉɼ
ʆʇ R ɹɽ Tɹɽ T

U U U U= + - ,                                                       (4) 

ʜʝ Uɹɽʊɼ, Uɹɽʊʂʉ ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʧʝʨʝʭʦʜʘʭ ɹɽ ʪʨʘʥʟʠʩʪʦʨʽʚ Tɼ ʽ Tʂʉ; 

     URʆʇ ï ʧʘʜʽʥʥʷ ʥʘʧʨʫʛʠ, ʩʪʚʦʨʶʚʘʥʝ ʦʧʦʨʥʠʤ ʩʪʨʫʤʦʤ ʥʘ ʨʝʟʠʩʪʦʨʽ Rʆʇ.  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʨʰʦʛʦ ʟʘʢʦʥʫ ʂʽʨʭʛʦʬʘ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

( )

*

,
1 1 1

ɼ

ɼ

T ʆʇ
T ʈ ʆʇ

ʂʉ

I U
I I I

R

b

b b b

å õ
Ö = - + -æ öæ ö+ + + Öç ÷

    (5) 

ʜʝ ɓ ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʙʘʟʦʚʦʛʦ ʩʪʨʫʤʫ ʪʨʘʥʟʠʩʪʦʨʘ,  

     ITɼ ï ʩʪʨʫʤ ʝʤʽʪʝʨʘ ʪʨʘʥʟʠʩʪʦʨʘ Tɼ.  

ɿʚʽʜʢʠ ʟʥʘʡʜʝʤʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ITɼ: 

( )

*

.
1ɼ

ʆʇ
T ʈ ʆʇ

ʂʉ

U
I I I

Rb
= - -

+ Ö
    (6) 

ʉʪʨʫʤ ITɼ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʩʪʨʫʤʽʚ Iʆʇ ʽ Iʈ. ʧʝʨʝʧʠʰʝʤʦ ʚʠʨʘʟ (4): 
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*
* ln ln

1

ɼ ɼT T ʂʉ
ʆʇ T ʆʇ ʆʇ T

T T ʂʉ

I I U
U I R

I I R
j j

b

å õ å õ å õ
= Ö + + Ö - Öæ ö æ ö æ öæ ö æ ö+ Öç ÷ç ÷ ç ÷

   (7) 

( )

( ) ( )

*

*

* 2

1
ln

1 1 1 1

ʆʇ

ʈ ʆʇ ʆʇ ʂʉʈ
ʆʇ T ʆʇ

ʆʇ

ʂʉ

U

I I I RI
U R

U

R

b
j

b b b b

å õ å õ
æ ö æ ö- Öæ ö æ ö= Ö - + + - Ö
æ ö æ ö+ + + +
æ ö æ ö
ç ÷ ç ÷

. (8) 

ʗʢ ʚʠʜʥʦ ʟ ʬʦʨʤʫʣʠ, ʜʦʜʘʥʦʢ, ʱʦ ʤʽʩʪʠʪʴ ʣʦʛʘʨʠʬʤ, ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ ʥʫʣʴ, ʪʦʙʪʦ ʜʦʩʷʛʘʻʪʴʩʷ 

ʢʦʤʧʝʥʩʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʤʽʥ ʥʘ p-n ʧʝʨʝʭʦʜʘʭ ʪʨʘʥʟʠʩʪʦʨʽʚ Tɼ ʽ Tʂʉ, ʷʢʱʦ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʯʝʨʝʟ 

ʨʝʟʠʩʪʦʨ Rʂʉ ʧʨʠʙʣʠʟʥʦ ʜʦʨʽʚʥʶʻ ʨʽʟʥʠʮʽ ʩʪʨʫʤʽʚ Iʆʇ ʽ Iʈ.  

ɯʟ ʚʠʱʝʩʢʘʟʘʥʦʛʦ ʚʠʧʣʠʚʘʻ ʚʠʢʦʥʘʥʥʷ ʪʘʢʦʾ ʫʤʦʚʠ: 

( )

( )
( )

( )

( )

*

*

11
1 .

1 2

ʈ ʆʇ ʆʇ
ʈ ʆʇ

ʆʇ ʂʉ

ʂʉ

I I U
I I

U R

R

b

b b

- +
- = Ý = - Ö

+ +
  (9) 

ɿʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʩʪʘʥʦʚʠʪʠʤʝ: 

( )

( )
* *

1

2

ʆʇ ʂʉ

ʆʇ ʆʇ ʆʇ ʆʇ ʆʇ

I I
U R U I R

b

b

Ö + +
= Ö Ý º Ö

+
.   (10) 

ʉʣ̔ ʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ, ʚʠʭʽʜ ʬʦʨʤʫʚʘʯʘ 

U*ʆʇ ʪʨʝʙʘ ʚʽʜʦʢʨʝʤʠʪʠ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʧʘʩʠʚʥʦʛʦ Rʅ. ɯʟ ʮʽʻʶ ʤʝʪʦʶ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʫʬʝʨʥʠʡ 

ʧʨʠʩʪʨʽʡ (ɹʇ) (ʨʠʩ. 4 ʙ)). ʇʨʠʥʮʠʧʦʚʫ ʩʭʝʤʫ ʜʞʝʨʝʣʘ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ ʟ ʙʫʬʝʨʥʠʤ ʧʨʠʩʪʨʦʻʤ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 4 ʚ). ʆʧʦʨʥʠʡ ʩʪʨʫʤ ʟʘʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʩʪʨʫʤʫ I1 (Iʆʇ). ɺʠʭʽʜʥʘ ʥʘʧʨʫʛʘ U*ʆʇ ʬʦʨʤʫʻʪʴʩʷ ʥʘ ʚʠʭʦʜʽ 

ʪʨʘʥʟʠʩʪʦʨʘ ʊ11. ɹʫʬʝʨʥʠʡ ʧʨʠʩʪʨʽʡ ʚʠʢʦʥʘʥʦ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ ʊ12-ʊ18, ʱʦ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʩʪʨʫʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ U*ʆʇ ʫ ɓ2-ʨʘʟʽʚ. ʆʩʥʦʚʥʠʡ ʩʪʨʫʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʊ18, ʫ ɓ-ʨʘʟʽʚ 

ʤʝʥʰʠʡ ʩʪʨʫʤ ʙʫʜʝ ʧʨʦʪʽʢʘʪʠ ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʊ17 ʽ ʱʝ ʫ ɓ-ʨʘʟʽʚ ʤʝʥʰʠʡ ʩʪʨʫʤ - ʯʝʨʝʟ ʪʨʘʥʟʠʩʪʦʨ ʊ14 ʪʘ 

ʨʝʟʠʩʪʦʨ ʨʝʛʫʣʷʪʦʨ R2 (Rʂʉ). 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʨʫʛʠ ʰʠʨʠʥʠ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʩʪʨʫʤʦʚʠʭ ʜʟʝʨʢʘʣ. 

ʆʧʠʩʘʥʦ ʧʨʠʥʮʠʧʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤ ʽ ʜʦʚʝʜʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʷʛʥʝʥʥʷ ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʽʾ. ɿʜʽʡʩʥʝʥʦ 

ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʜʞʝʨʝʣ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ, ʟʦʢʨʝʤʘ, 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʜʨʝʡʬʫ ʩʪʨʫʤʽʚ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʪʝʨʤʦʩʪʘʙʽʣʴʥʠʭ ʜʞʝʨʝʣ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʥʘ ʙʽʧʦʣʷʨʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʘʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʽʚ ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ ʩʪʨʫʤʫ. ʆʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʽ 

ʘʥʘʣʽʪʠʯʥʽ ʚʠʨʘʟʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʭʝʤ ʜʞʝʨʝʣ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ ʟʘ ʘʚʪʦʨʩʴʢʠʤ ʧʽʜʭʦʜʦʤ. 

ɺʠʢʣʘʜʝʥʦ ʤʝʪʦʜ ʧʽʜʚʠʱʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʢʘʟʘʥʠʭ ʜʞʝʨʝʣ ʦʧʦʨʥʦʾ ʥʘʧʨʫʛʠ. 
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ˠ ̨̒̓́̓̓ ̎́̃̆̅̆̎̏ ̨̖̟̓̆̎̏̌̏̄ ̨̨̎́̐̃́̂̑̉̋́̓̃̕ ̈ ̨̅̑̇̅̇̏̃̏̄̏ ̨̓̒̓́ ̠̅̌ ̨̗̐̉ ̈ ̨̐̅̃̉̆̎̉̍̚ ̨̃̍̒̓̏̍ 

̖̘̖́̑̏̃̉ ̃̏̌̏̋̏̎Ȣ ˛̢̂̑̔̎̓̏̃́̎̏ ̨̨̗̝̝̅̏̌̎̒̓ ̠̃̉̋̏̑̉̒̓́̎̎ ̔ ̨̑̏̈̑̏̂̌̆̎̊ ̨̖̩̓̆̎̏̌̏̄ ̨̨̘̂̏̌̏̄̎̏-̩́̋̓̉̃̎̏ 
̒̉̑̏̃̉̎̉Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̠̃̉̋̏̑̉̒̓́̎̎ ̙̐̏̑̏̋̔ ̈ ̠̘̖̂̌̔̎̉ ̨̘̃̉́̃̋̃ ̔ ̨̒̋̌́̅ ̨̨̎́̐̃́̂̑̉̋́̓̃̕ ̠̅̌ ̨̗̐̉ ̨̝̙̂̌̆ 
υωϻ ̨̃̅ ̍́̒̉ ̙̂̏̑̏̎́ ̤ ̨̗̝̎̆̅̏̌̎̉̍ȟ ̨̝̏̒̋̌̋̉ ̘̈̎́̎̏ ̤̈̎̉̇̔ ̨̒̆̎̒̏̑̎ ̐̏̋́̈̎̉̋̉ ̨̠̋̏̒̓ ̨̃̉̑̏̂̃Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ 
̙̐̏̑̏̋̔ ̈ ̠̘̖̂̌̔̎̉ ̨̘̃̉́̃̋̃ ̠̤̅̏̈̃̏̌ ̨̝̙̈̂̌̉̓̉ ̨̃̍̒̓ ̖̘̖́̑̏̃̉ ̃̏̌̏̋̏̎ ̔ ̨̒̋̌́̅ ̨̨̎́̐̃́̂̑̉̋́̓̃̕ ̈ ̨̅̑̇̅̇̏̃̏̄̏ 
̨̓̒̓́ ̠̅̌ ̨̗̐̉ ̎́ ύȟϋϻ ̨̠̐̏̑̃̎̎̏ ̈ ̋̏̎̓̑̏̌̆̍ȟ ̏̚ ̠̤̅̏̈̃̏̌ ̘̈́̂̆̈̐̆̉̓̉ ̅̏̂̏̃̔ ̐̏̓̑̆̂̔ ̔ ̖̎̉ ̎́ ̨̨̑̃̎ φφȟύϻ. 
˜̏̋́̈̎̉̋̉ ̨̨̖̘̍̎̏̄̏ ̒̋̌́̅̔ ̨̨̎́̐̃́̂̑̉̋́̓̃̕ ̠̅̌ ̨̗̐̉ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̙̐̏̑̏̋̔ ̈ ̠̘̖̂̌̔̎̉ ̨̘̃̉́̃̋̃ ̈́ ̏̋̑̆̍̉̍̉ 
̐̏̋́̈̎̉̋́̍̉ ̨̙̠̐̏̌̐̉̌̉̒ ̨̠̐̏̑̃̎̎̏ ̈ ̋̏̎̓̑̏̌̆̍ȡ ̨̃̍̒̓ ̨̨̨̃̓́̍̎̃ ̄̑̔̐̉ ˏ ̨̝̙̠̈̂̌̉̃̒ ̎́ ωόȟχχϻȟ ̨̨̝̝̋̌̋̒̓ 
̨̨̃̓́̍̎̔ ˝˝ ̨̝̙̠̈̂̌̉̌́̒ ̎́ ϊχȟϊψϻȟ ̨̨̝̝̋̌̋̒̓ ̗̟̍́̑̄́̎ ̨̝̙̠̈̂̌̉̌́̒ ̎́ φϊȟχφϻȢ ˜̏̋́̈̎̉̋̉ ̨̨̖̘̍̎̏̄̏ ̒̋̌́̅̔ ̨̗̐̉ ̈ 
̨̐̏̍̅̏̑́̍̉ ̓́ ̒̉̑̏̍ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̙̐̏̑̏̋̔ ̈ ̠̘̖̂̌̔̎̉ ̨̘̃̉́̃̋̃ ̈́ ̏̋̑̆̍̉̍̉ ̐̏̋́̈̎̉̋́̍̉ ̨̙̠̐̏̌̐̉̌̉̒ 
̨̠̐̏̑̃̎̎̏ ̈ ̋̏̎̓̑̏̌̆̍ȡ ̨̃̍̒̓ ̨̨̨̃̓́̍̎̃ ̄̑̔̐̉ ˏυ ̨̝̙̠̈̂̌̉̃̒ ̎́ υϊτϻȟ ̨̨̝̝̋̌̋̒̓ ̨̨̃̓́̍̎̔ ˝˝ ̨̝̙̠̈̂̌̉̌́̒ ̎́ ϊτ ϻȟ 
̨̨̝̝̋̌̋̒̓ ̗̟̍́̑̄́̎ ̨̝̙̠̈̂̌̉̌́̒ ̎́ ψȟωχϻȢ ˔̠́̅̏̃̏̌̆̎̎ ̩̅̏̂̏̃̏ ̐̏̓̑̆̂̉ ̔ ̖̘̖́̑̏̃̉ ̖̃̏̌̏̋̎́ ̐̑̉ ̨̒̐̏̇̉̃́̎̎ υττ ̄ 
̩̑̏̈̑̏̂̌̆̎̏ ̨̗̐̉ ̨̝̙̤̝̠̈̂̌̔̓̒ ̈ ψȢτ ̅̏ φχȟϋϻȟ ̔ ̨̩̋́̌ ɀ ̈ χȟϋυ ̅̏ ύȟϊχϻȟ ̨̨̨̃̓́̍̎ ˏυ ɀ ̈ φȟύψ ̅̏ ϋȟϊωϻȟ ̨̨̨̃̓́̍̎ ˏφ ɀ ̈ 
4,0 ̅̏ όȟτϻ ̨̠̐̏̑̃̎̎̏ ̈ ̋̏̎̓̑̏̌̆̍Ȣ ˝̖̏̈̑́̏̃́̎̏ ̋̏̍̐̌̆̋̒̎̉̊ ̐̏̋́̈̎̉̋ ̨̠̋̏̒̓ ̨̨̎́̐̃́̂̑̉̋́̓̃̕ ̠̅̌ ̨̗̐̉ ̈ 
̠̃̉̋̏̑̉̒̓́̎̎̍ ̙̐̏̑̏̋̔ ̈ ̠̘̖̂̌̔̎̉ ̨̘̃̉́̃̋̃ȟ ̠̋̉̊ ̝̒̓́̎̏̃̉̓ φȟϊ ̏̅Ȣȟ ̏̚ ̎́ φφȟύϻȟ ̤̐̆̑̆̃̉̔̚ ̘̠̈̎́̆̎̎ ̟̋̏̎̓̑̏̌ 
ɉτȟω ̏̅ɊȢ ˞̨̗̝̏́̌̎̉̊ ̆̆̋̓̕ ̠̃̐̑̏̃́̅̇̆̎̎ ̑̏̈̑̏̂̌̆̎̏̄̏ ̨̎́̐̃́̂̑̉̋́̓̔̕ ̈ ̨̅̑̇̅̇̏̃̏̄̏ ̨̓̒̓́ ̠̅̌ ̨̗̐̉ ̈ 
̨̐̅̃̉̆̎̉̍̚ ̨̃̍̒̓̏̍ ̖̘̖́̑̏̃̉ ̃̏̌̏̋̏̎ ̠̤̐̏̌̄́ ̔ ̨̙̑̏̈̉̑̆̎̎ ́̒̏̑̓̉̍̆̎̓̔ ̒̓̑́̃ ̠̅̌ ̖̘̠́̑̔̃́̎̎ ̖̅̏̑̏̒̌̉ ̓́ 
̨̅̓̆̊ ̈ ̨̐̅̃̉̆̎̉̍̚ ̨̃̍̒̓̏̍ ̨̗̖̆̒̆̎̊̎̉ ̨̨̤̎̔̓̑̎̓̃ȟ ̐̏̋̑́̆̎̉̍̉̚ ̘̒̐̏̇̉̃̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉ ̨̗̩̐̑̏̅̔̋ȟ ̏̚ 
̠̒̐̑̉ ̓̉̍̆ ̟̈̂̆̑̆̇̆̎̎ ̈̅̏̑̏̃ȭ̠ ̠̎́̒̆̌̆̎̎ȟ ̖̈́̉̒̓̔ ̨̏̑̄́̎̈̍̔ ̨̃̅ ̎̆̄́̓̉̃̎̏̄̏ ̃̐̌̉̃̔ ̙̝̎́̃̋̏̌̉̎̏̄̏ ̒̆̑̆̅̏̃̉́̚Ȣ 
˝̏̈̑̏̂̌̆̎́ ̨̋̔̌̎́̑̎́ ̨̗̠̐̑̏̅̔̋ ̍̏̇̆ ̂̔̓̉ ̑̆̋̏̍̆̎̅̏̃́̎́ ̠̅̌ ̖̘̠́̑̔̃́̎̎ ̔ ̠̖̐̏̃̒̋̅̆̎̎̉ ̨̗̖̑́̏̎́ ̟̌̅̆̊ȟ ̏̚ 
̗̟̟̝̐̑́̓ ̎́ ̗̖̃̉̑̏̂̎̉̓̃́ ̩̃́̇̋̏ ̨̐̑̏̍̉̒̌̏̃̏̒̓ȟ ̟̝̐̑̏̇̉̃́̓ ̎́ ̨̘̆̋̏̌̏̄̎̏ ̖̈́̂̑̔̅̎̆̎̉ ̨̠̖̓̆̑̉̓̏̑ ̓́ ̨̖̃̒ 
̃̆̑̒̓̃ ̠̎́̒̆̌̆̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̖̘́̑̏̃́ ̨̨̗̝̎̎̒̓ȟ ̨̎́̐̃́̂̑̉̋́̓̕ ̨̗̐̉ȟ ̖̘́̑̏̃́ ̨̖̠̓̆̎̏̌̏̄ȟ ̨̅̑̇̅̇̏̃̆ ̨̓̒̓̏ȟ ̨̠̘̂̌̔̎ 
̘̃̉́̃̋̉ȟ ̨̖̘́̑̏̃ ̃̏̌̏̋̎́Ȣ 
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IMPROVEMENT OF TECHNOLOGY OF SEMI -FINISHED PRODUCTS  
FOR PIZZA WITH HIGH CONTENT OF DIETARY FI BERS 

 
The article presents the technology of semi-finished products from yeast dough for pizza with high content of dietary fiber. The 

expediency of using biologically active raw materials in the developed technology is substantiated. It is established that the use of apple 
pomace powder in the composition of semi-finished products for pizza more than 15% by weight of flour is impractical, as it significantly 
reduces the sensory quality of products. The use of apple pomace powder allows to increase the content of dietary fiber in the composition of 
semi-finished products from yeast dough for pizza by 9.7% compared to the control, which allows to meet the daily requirement for them at 
22.9%. The chemical composition of pizza semi-finished products using apple pomace powder in some respects improved compared to 
control: the content of B vitamins increased by 58.33%, the amount of vitamin PP increased by 63.64%, the amount of manganese increased 
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by 26.32%. The chemical composition of pizza with tomatoes and cheese using apple pomace powder in some respects improved compared to 
control: the content of B1 vitamins increased by 160%, the amount of vitamin PP increased by 60%, the amount of manganese increased by 
4.53%. Satisfaction of daily requirement in dietary fiber at consumption of 100 g of the developed pizza increases from 4.0 to 23,7%, in 
potassium - from 3,71 to 9,63%, vitamin B1 - from 2,94 to 7,65%, vitamin B2 - from 4.0 to 8.0% compared to control. A comprehensive 
indicator of the quality of semi-finished pizza products using apple pomace powder, which is 2.6 units, which is 22.9%, exceeds the control 
value (0.5 units). The social effect of the introduction of the developed semi-finished product from yeast dough for pizza with high dietary 
fiber content is to expand the range of meals for adults and children with high content of essential nutrients, improved consumer properties, 
which will help protect the health of the population. environment. Developed culinary products can be recommended for nutrition in the 
daily diets of people working in heavy industry, living in environmentally contaminated areas and all segments of the population. 

Keywords:  nutritional value, semi-finished pizza, food technology, yeast dough, apple pomace, dietary fiber. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ɼʣʷ ʥʦʨʤʘʣʴʥʦʾ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʽ ʥʝʦʙʭʽʜʥʠʡ ʧʦʚʥʦʮʽʥʥʠʡ ʥʘʙʽʨ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʾʾ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʨʘʮʽ ʪʘ ʫʤʦʚ ʧʨʦʞʠʚʘʥʥʷ. ʎʝʡ 
ʥʘʙʽʨ ʧʦʚʠʥʝʥ ʚʢʣʶʯʘʪʠ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʣʶʜʠʥʠ ʢʦʤʧʦʥʝʥʪʠ: ʙʽʣʢʠ 
ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʞʠʨʠ, ʚʫʛʣʝʚʦʜʠ, ʚʽʪʘʤʽʥʠ, ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʪʦʱʦ. ɺ ʩʫʯʘʩʥʠʭ 
ʨʘʮʽʦʥʘʭ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʙʽʣʴʰʝ 50% ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ, ʱʦ 
ʦʙʫʤʦʚʣʶʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʭʘʨʯʦʚʠʭ 
ʚʦʣʦʢʦʥ [1ï4]. ɿʛʽʜʥʦ ʟ ʧʦʩʪʫʣʘʪʘʤʠ ʪʝʦʨʽʾ ʘʜʝʢʚʘʪʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ ʚʚʘʞʘʣʠ ʙʘʣʘʩʪʥʠʤʠ 
ʨʝʯʦʚʠʥʘʤʠ, ʫ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʾʭ ʚʠʜʘʣʝʥʥʷ ʟ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʟʥʘʚʘʣʦʩʴ 
ʜʦʮʽʣʴʥʠʤ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʘ ʥʘ ʙʦʨʦʰʥʦ ʚʠʱʦʛʦ ˇʘʪʫʥʢʫ, ʰʣʽʬʫʚʘʥʥʷ 
ʨʠʩʫ, ʚʽʜʞʠʤʫ ʩʦʢʫ ʟ ʧʣʦʜʽʚ, ʨʽʟʥʦʤʘʥʽʪʥʽ ʧʨʦʮʝʩʠ ʝʢʩʪʨʘʢʮʽʾ. ʗʢ ʥʘʩʣʽʜʦʢ, ʮʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ 
ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʨʘʮʽʦʥʘʭ ʭʘʨʯʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ [5, 6]. 

ɺʽʜʦʤʦ, ʱʦ ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ ʥʝ ʟʘʩʚʦʶʶʪʴʩʷ ʦʨʛʘʥʽʟʤʦʤ, ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ ʻʜʠʥʠʡ ʬʽʟʽʦʣʦʛʽʯʥʦ 
ʘʢʪʠʚʥʠʡ ʢʦʤʧʣʝʢʩ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʷʜ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ, ʟôʻʜʥʘʥʠʭ ʟ ʧʨʦʮʝʩʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʽ ʦʙʤʽʥʫ 
ʨʝʯʦʚʠʥ ʚ ʮʽʣʦʤʫ. 

ʂʣʽʪʢʦʚʠʥʘ ʫ ʚʦʜʽ ʥʝ ʨʦʟʯʠʥʷʻʪʴʩʷ, ʦʨʛʘʥʽʟʤʦʤ ʣʶʜʠʥʠ ʥʝ ʟʘʩʚʦʶʻʪʴʩʷ, ʩʪʠʤʫʣʶʻ ʢʠʰʢʦʚʫ 
ʧʝʨʠʩʪʘʣʴʪʠʢʫ ʽ ʩʧʨʠʷʻ ʚʠʚʝʜʝʥʥʶ ʟ ʦʨʛʘʥʽʟʤʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʭʦʣʝʩʪʝʨʠʥʫ. ʈʦʩʣʠʥʥʘ 
ʢʣʽʪʢʦʚʠʥʘ ʩʧʨʠʷʻ ʥʦʨʤʘʣʽʟʘʮʽʾ ʰʣʫʥʢʦʚʦʾ ʤʽʢʨʦʬʣʦʨʠ, ʧʨʠʛʥʽʯʫʻ ʟʨʦʩʪʘʥʥʷ ʛʥʠʣʽʩʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, 
ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʘʥʥʶ ʥʦʨʤʘʣʴʥʦʛʦ ʨʽʚʥʷ ʭʦʣʝʩʪʝʨʠʥʫ ʚ ʢʨʦʚʽ, ʧʦʢʨʘʱʫʻ ʨʦʙʦʪʫ ʢʠʰʝʯʥʠʢʘ ʽ ʧʝʯʽʥʢʠ. ɿ 
ʨʦʩʣʠʥʥʦʾ ʢʣʽʪʢʦʚʠʥʠ ʫ ʪʦʚʩʪʽʡ ʢʠʰʮʽ ʧʽʜ ʜʽʻʶ ʢʦʨʠʩʥʠʭ ʙʘʢʪʝʨʽʡ ʩʠʥʪʝʟʫʻʪʴʩʷ ʥʠʟʢʘ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ, 
ʘʤʽʥʦʢʠʩʣʦʪ, ʬʝʨʤʝʥʪʽʚ ʪʘ ʽʥʰʠʭ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ. ʋʩʽ ʚʦʥʠ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ ʽʤʫʥʽʪʝʪʫ, 
ʥʦʨʤʘʣʽʟʘʮʽʾ ʞʠʨʦʚʦʛʦ ʦʙʤʽʥʫ, ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʧʦʙʽʛʘʥʥʽ ʦʥʢʦʟʘʭʚʦʨʶʚʘʥʥʷʤ ʪʘ ʭʚʦʨʦʙʘʤ 
ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʱʦ [7ï11].  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 
 ɿʘ ʩʫʯʘʩʥʠʤʠ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ ʥʫʪʨʠʮʽʦʣʦʛʽʾ ʥʦʨʤʘ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʜʣʷ ʣʶʜʠʥʠ ʥʘ ʜʦʙʫ ʩʪʘʥʦ-

ʚʠʪʴ 25ï30 ʛ, ʷʢʫ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʞʠʚʘʥʥʷʤ ʥʝʨʘʬʽʥʦʚʘʥʦʾ ʨʦʩʣʠʥʥʦʾ ʾʞʽ, ʘ ʪʘʢʦʞ ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ 
ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʥʝʩʝʥʦ ʜʦʜʘʪʢʦʚʫ ʢʽʣʴʢʽʩʪʴ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʟ ʜʽʻʪʠʯʥʠʤʠ ʜʦʙʘʚʢʘʤʠ ʽ 
ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ (ʦʙʦʣʦʥʢʠ ʟʝʨʥʘ, ʙʦʙʦʚʠʭ, ʰʢʦʨʠʥʢʠ ʽ ʚʠʯʘʚʢʠ ʟ ʧʣʦʜʽʚ ʽ ʦʚʦʯʽʚ). 

 
ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʜʣʷ 
ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʪʝʭʥʦʣʦʛʽʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʜʣʷ ʧʽʮʠ ʟ ʧʽʜʚʠʱʝʥʠʤ 
ʚʤʽʩʪʦʤ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʦʨʦʰʦʢ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ çNaturalisè, ʤʦʜʝʣʴʥʽ ʢʦʤʧʦʟʠʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ 
ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʜʣ ̫ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ, ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ 
ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ. ʂʦʥʪʨʦʣʝʤ ʦʙʨʘʥʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ, 
ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ (ˉ 1024) [12]. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʩʢʣʘʜʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʜʣʷ 
ʧʽʮʠ ʨʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴʥʽ ʢʦʤʧʦʟʠʮʽʾ ʜʨʽʞʜʞʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜ 5 ʜʦ 20% ʧʦʨʦʰʢʫ ʚʽʜ 
ʤʘʩʠ ʙʦʨʦʰʥʘ. ʇʨʦʚʝʜʝʥʦ ʧʦʧʝʨʝʜʥʻ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ, 
ʟʜʽʡʩʥʝʥʦ ʦʨʛʘʥʦʣʝʧʪʠʯʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ (ʪʘʙʣ. 1).  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʩʢʣʘʜʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ 
ʙʽʣʴʰʝ 15% ʚʽʜ ʤʘʩʠ ʙʦʨʦʰʥʘ ʻ ʥʝʜʦʮʽʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʩʝʥʩʦʨʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʠʨʦʙʽʚ. 
ʇʨʠ ʜʦʜʘʚʘʥʥʽ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 5ï15 % ʢʦʣʽʨ, ʩʤʘʢ ʪʘ ʟʘʧʘʭ ʚʠʨʦʙʽʚ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. 
ʇʨʠ ʮʴʦʤʫ ʢʦʣʽʨ ʚʠʨʦʙʽʚ ʚʘʨʽʶʻʪʴʩʷ ʚʽʜ ʩʚʽʪʣʦ-ʢʨʝʤʦʚʦʛʦ ʜʦ ʥʘʩʠʯʝʥʦ ʢʨʝʤʦʚʦʛʦ. ʂʦʥʩʠʩʪʝʥʮʽʷ ʚʠʨʦʙʫ ʧʨʠ 
ʜʦʜʘʚʘʥʥʽ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʢʽʣʴʢʦʩʪʽ 5ï15 % ʟʥʘʯʥʦ ʥʝ ʟʤʽʥʶʻʪʩɹʷ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ 
ʧʦʨʦʰʢʫ (ʙʽʣʴʰʝ 15% ʚʽʜ ʤʘʩʠ ʙʦʨʦʰʥʘ) ʢʦʥʩʠʩʪʝʥʮʽʷ ʜʨʽʞʜʞʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʫʱʽʣʴʥʶʻʪʴʩʷ, 
ʚʽʜʯʫʚʘʶʪʴʩʷ ʩʣʽʜʠ ʥʝʧʨʦʤʽʩʫ [13, 14]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʩʢʣʘʜʽ 
ʜʨʽʞʜʞʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ï 15% ʚʽʜ ʤʘʩʠ ʙʦʨʦʰʥʘ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ 
ʚʠʧʝʯʝʥʠʭ ʜʨʽʞʜʞʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʢʦʥʪʨʦʣʶ (ʪʘʙʣ. 1). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʪʝʭʥʦʣʦʛʽʶ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ 
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ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ (ʨʠʩ. 1). ʇʦʨʦʰʦʢ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʫ ʩʫʭʦʤʫ ʚʠʛʣʷʜʽ ʟʤʽʰʫʚʘʣʠ ʟ ʙʦʨʦʰʥʦʤ ʽ 
ʜʦʜʘʚʘʣʠ ʜʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʧʽʜ ʯʘʩ ʟʤʽʰʫʚʘʥʥʷ ʪʽʩʪʘ [15ï17]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʟ 
ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʚʤʽʩʪ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʫ ʩʢʣʘʜʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ 
ʜʣʷ ʧʽʮʠ ʥʘ 9,7% ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʙʦʚʫ ʧʦʪʨʝʙʫ ʫ ʥʠʭ ʥʘ ʨʽʚʥʽ 22,9% (ʥʘ 
100 ʛ) (ʪʘʙʣ. 2) [18ï20]. 

ʇʦʢʘʟʥʠʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ 
ʚʠʯʘʚʢʽʚ ʟʘ ʦʢʨʝʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʣʽʧʰʠʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ: ʚʤʽʩʪ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ ʟʙʽʣʴʰʠʚʩʷ 
ʥʘ 58,33%, ʢʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʈʈ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 63,64%, ʢʽʣʴʢʽʩʪʴ ʤʘʨʛʘʥʮʶ ʟʙʽʣʴʰʠʚʩʷ ʥʘ 26,32% (ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʷ 1 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ  
ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ, ʙʘʣʠ 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 
ʂʦʝʬ. ʚʘʛʦʤ., 

ʦʜ 
ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 1 ɼʦʩʣʽʜ 2 ɼʦʩʣʽʜ 3 ɼʦʩʣʽʜ 4 

ʉʤʘʢ 0,2 4,8 4,9 4,8 4,9 4,9 

ɿʘʧʘʭ 0,15 4,9 4,9 4,9 4,9 4,8 

ʂʦʣʽʨ 0,2 4,8 4,7 4,8 4,7 4,7 

ʂʦʥʩʠʩʪʝʥʮʽʷ 0,25 4,8 4,7 4,8 4,8 4,7 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 0,2 4,9 4,8 4,9 4,9 4,8 

ɿʘʛʘʣʴʥʘ ʦʮʽʥʢʘ 1,0 4,9 4,87 4,81 4,78 4,52 
* ʇʨʠʤʽʪʢʘ: ʜʦʩʣʽʜ 1 ï ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 5% ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ (ʇʗɺ), ʜʦʩʣʽʜ 2 ï ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ 
ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 10% ʇʗɺ, ʜʦʩʣʽʜ 3 ï ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 15% ʇʗɺ, ʜʦʩʣʽʜ 4 ï ʥʘʧʽʚʬʘʙʨʠʢʘʪʠ ʜʣʷ 
ʧ̔ ʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 20% ʇʗɺ. 

 
ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʠʛʦʪʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʜʦʜʘʚʘʥʥʷʤ 15% ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 

 
ʊʘʙʣʠʮʷ 2 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ (ʥʘ 100 ʛ) 
ʇʦʢʘʟʥʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ ʈʽʟʥʠʮʷ, % 

ɹʽʣʢʠ, ʛ 8,80 10,10 14,77 

ɾʠʨʠ, ʛ 2,20 2,60 18,18 

ɺʫʛʣʝʚʦʜʠ, ʛ, ʚ ʪ. ʯ. 50,30 53,70 6,76 

- ʤʦʥʦ- ʽ ʜʠʩʘʭʘʨʠʜʠ, ʛ 2,0 2,40 20,00 

- ʢʨʦʭʤʘʣʴ, ʛ 22,0 23,8 8,18 

- ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʛ 1,4 4,7 80,77 

ʄ ʥ̔ʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ 

ʂʘʣʽʡ 42,0 44,30 5,48 

ʂʘʣʴʮʽʡ 67,0 68,5 2,24 

ʄʘʛʥʽʡ 9,5 10,3 8,42 

ʌʦʩʬʦʨ 105,0 105,50 0,48 

ʎʠʥʢ 2,80 2,90 3,57 

ʄʘʨʛʘʥʝʮʴ 3,0 4,80 26,32 

ɺʽʪʘʤʽʥʠ, ʤʛ 

ɺʽʪʘʤʽʥ ɺ1 0,12 0,19 58,33 

ɺʽʪʘʤʽʥ ɺ2 1,2 1,9 58,33 

ɺʽʪʘʤʽʥ E 7,1 7,1 - 

ɺʪ̔ʘʤʽʥ PP 1,1 1,8 63,64 

ɽʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ, ʢʢʘʣ 328,70 342,3 4,14 

ʇʦʨʦʰʦʢ 

ʟ ʷʙʣʫʯʥʠʭ 

ʚʠʯʘʚʢʽʚ 

ɹʦʨʦʰʥʦ 

ʇʽʜʽʛʨʽʚʘʥʥʷ 

ʊ=40Áʉ 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʜʦ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʌʦʨʤʫʚʘʥʥʷ 

ɺʠʧʽʢʘʥʥʷ 

t= 175-180 ÜC, 

Ű = 1,8Ā103ʩ 

ʅʘʧʽʚʬʘʙʨʠʢʘʪ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʦʨʦʰʢʫ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 

ʄʂʆ 
ʄʂʆ 

ɹʨʦʜʽʥʥʷ Ű = 3600 ʩ 

ʇʝʨʝʤʽʰʫʚʘʥʥʷ 

ɿʤʽʰʫʚʘʥʥ ̫

ɺʦʜʘ ɼʨ̔ʞʜʞ ̔
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ʊʘʙʣʠʮʷ 3 
ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʽʮʠ ʟ ʧʦʤʽʜʦʨʘʤʠ ʪʘ ʩʠʨʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ  ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ (ʥʘ 100 ʛ) 

ʇʦʢʘʟʥʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ ʈʽʟʥʠʮʷ, % 

ɹʽʣʢʠ, ʛ 4.1 6.3 53.66 

ɾʠʨʠ, ʛ 17.5 18.3 4.57 

ɺʫʛʣʝʚʦʜʠ, ʛ, ʚ ʪ. ʯ. 12.6 15.4 22.22 

ʤʦʥʦ- ʽ ʜʠʩʘʭʘʨʠʜʠ, ʛ 1.4 1.8 28.57 

ʢʨʦʭʤʘʣʴ, ʛ 22 23.8 8.18 

ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʛ 1.8 6.3 250.00 

ʄʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ 

ʂʘʣʽʡ 148.5 385.1 159.33 

ʂʘʣʴʮʽʡ 74 76 2.70 

ʄʘʛʥʽʡ 17.3 64.3 271.50 

ʌʦʩʬʦʨ 65.1 65.8 1.08 

ʎʠʥʢ 0.4689 0.564 20.28 

ʄʘʨʛʘʥʝʮʴ 0.2009 0.21 4.53 

ɺʽʪʘʤʽʥʠ, ʤʛ 

ɺʽʪʘʤʽʥ ɺ1 0.05 0.13 160.00 

ɺʽʪʘʤʽʥ ɺ2 0.08 0.16 100.00 

ɺʽʪʘʤʽʥ PP 0.5 0.8 60.00 

ɽʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ, ʢʢʘʣ 221.6 236 6.50 

 
ʊʘʙʣʠʮʷ 4 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʫ ʥʫʪʨʽʻʥʪʘʭ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛ ʧʽʮʠ  
 ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 

ʇʦʢʘʟʥʠʢʠ 
 

ɼʦʙʦʚʘ 
ʧʦʪʨʝʙʘ 

 

ɿʘʙʝʟʧʝʯʝʥʥʷ 
ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʧʨʠ 
ʩʧʦʞʠʚʘʥʥʽ 100 ʛ 
ʢʦʥʪʨʦʣʶ, % 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʜʦʙʦʚʦʾ 
ʧʦʪʨʝʙʠ ʧʨʠ 

ʩʧʦʞʠʚʘʥʥʽ 100 ʛ 
ʜʦʩʣʽʜʫ, % 

ʈʽʟʥʠʮʷ, % 

ɹʽʣʢʠ, ʛ 90 4,56 7,0 2,44 

ɾʠʨʠ, ʛ 110 15,91 16,64 0,73 

ɺʫʛʣʝʚʦʜʠ, ʛ. ʚ ʪ.ʯ. 400 3,15 3,85 0,7 

ʤʦʥʦ- ʽ ʜʠʩʘʭʘʨʠʜʠ, ʛ 50 2,8 3,6 0,8 

ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʛ 25 7,2 25,2 18,0 

ʄʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ 

ʂʘʣʽʡ 4000 3,71 9,63 5,92 

ʂʘʣʴʮʽʡ 1200 6,17 6,33 0,16 

ʄʘʛʥʽʡ 300 5,77 29,1 23,33 

ʌʦʩʬʦʨ 600 10,85 10,97 0,12 

ʎʠʥʢ 13 3,61 4,34 0,73 

ʄʘʨʛʘʥʝʮʴ 3 6,7 7,0 0,3 

ɺʽʪʘʤʽʥʠ, ʤʛ 

ɺʽʪʘʤʽʥ ɺ1 1.7 2,94 7,65 4,71 

ɺʽʪʘʤʽʥ ɺ2 2 4,0 8,0 4,0 

ɺʽʪʘʤʽʥ PP 80 0,63 1,0 0,37 

ɽʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ, ʢʢʘʣ 2600 8,52 9,08 0,56 

 
ʇʦʢʘʟʥʠʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʮʠ ʟ ʧʦʤʽʜʦʨʘʤʠ ʪʘ ʩʠʨʦʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ 

ʚʠʯʘʚʢʽʚ ʟʘ ʦʢʨʝʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʣʽʧʰʠʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ: ʚʤʽʩʪ ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ1 
ʟʙʽʣʴʰʠʚʩʷ ʥʘ 160%, ʢʽʣʴʢʽʩʪʴ ʚʽʪʘʤʽʥʫ ʈʈ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 60 %, ʢʽʣʴʢʽʩʪʴ ʤʘʨʛʘʥʮʶ ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 4,53% 
(ʪʘʙʣ. 3). 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʟʘʜʦʚʦʣʝʥʥʷ 
ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʚ ʝʩʝʥʮʽʡʥʠʭ ʥʫʪʨʽʻʥʪʘʭ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛ ʧʽʮʠ. ʊʘʢ, ʟʘʜʦʚʦʣʝʥʥʷ ʜʦʙʦʚʦʾ ʧʦʪʨʝʙʠ ʫ 
ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʥʘʭ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ 100 ʛ ʨʦʟʨʦʙʣʝʥʦʾ ʧʽʮʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ 4.0 ʜʦ 23,7%, ʫ ʢʘʣʽʾ ï ʟ 3,71 ʜʦ 
9,63%, ʚʽʪʘʤʽʥʽ ɺ1 ï ʟ 2,94 ʜʦ 7,65%, ʚʽʪʘʤʽʥʽ ɺ2 ï ʟ 4,0 ʜʦ 8,0% ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ (ʪʘʙʣ. 4).  

ʈʦʟʨʘʭʦʚʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ 
ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ, ʷʢʠʡ ʩʪʘʥʦʚʠʪʴ 2,6 ʦʜ., ʱʦ ʥʘ 22,9%, ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʢʦʥʪʨʦʣʶ (0,5 ʦʜ).  

ʇʦʙʫʜʦʚʘʥʦ ʤʦʜʝʣʴ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 
ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: ʚʤʽʩʪ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ, ʩʫʤʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, 
ʦʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ (ʨʠʩ. 2). 
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ʊʘʙʣʠʮʷ 5 
ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʫ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ  

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 

ʇʦʢʘʟʥʠʢʠ ʂʦʥʪʨʦʣʴ ɼʦʩʣʽʜ 

ʍʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʛ 1.8 6.3 

ʉʫʤʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʤʛ 305.57 614.97 

ɽʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ, ʢʢʘʣ 221.6 236 

ʉʫʤʘ ʚʽʪʘʤʽʥʽʚ (ɺ1, ɺ2, ʈʈ), ʤʛ 0.63 1.09 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ, ʙʘʣʠ 4.9 4.78 

ʂʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ, ʦʜ. 0.227 0.404 
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ʈʠʩ. 2. ʄʦʜʝʣʴ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʷʢʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʚʠʨʦʙʽʚ ʧʝʨʝʚʠʱʫʻ ʢʦʥʪʨʦʣʴ ʚʥʘʩʣʽʜʦʢ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ 
ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʮʽʥʥʦʩʪʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 
ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʚʠʨʦʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʦʨʦʰʢʫ ʟ 
ʷʙʣʫʯʥʠʭ ʚʠʯʘʚʢʽʚ ʤʘʶʪʴ ʚʠʩʦʢʫ ʦʨʛʘʥʦʣʝʧʪʠʯʥʫ ʦʮʽʥʢʫ, ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ 
ʛʨʫʧʠ ɺ, ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʜʣʷ ʧʽʮʠ ʜʦʟʚʦʣʷʻ 
ʦʪʨʠʤʫʚʘʪʠ ʘʩʦʨʪʠʤʝʥʪ ʧʽʮʠ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ ʪʘ ʽʥʰʠʭ ʝʩʝʥʮʽʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʝʩʝʨʪ ʤʘʻ 
ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʙʽʣʢʽʚ, ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ ʪʘ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʦʶ 
ʪʝʭʥʦʣʦʛʽʻʶ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʦʧʪʠʤʘʣʴʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʝʮʝʧʪʫʨʽ 
ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʝʩʝʨʪʫ ''ʇʪʘʰʠʥʝ ʤʦʣʦʢʦ''. ɿʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʦʩʣʽʜʥʠʡ ʟʨʘʟʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ 
ʷʢʽʩʪʶ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʦʨʤʘʤ. ʉʦʮʽʘʣʴʥʠʡ ʝʬʝʢʪ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʝʩʝʨʪʫ  ʟ 
ʥʠʟʴʢʦʝʪʝʨʠʬʽʢʦʚʘʥʠʤ ʧʝʢʪʠʥʦʤ, ʮʠʪʨʘʪʦʤ ʢʘʣʴʮʽʶ ʪʘ ʧʦʣʽʜʝʢʩʪʨʦʟʦʶ ʧʦʣʷʛʘʻ ʫ ʨʦʟʰʠʨʝʥʥʽ ʘʩʦʨʪʠʤʝʥʪʫ 
ʩʪʨʘʚ ʜʣʷ ʭʘʨʯʫʚʘʥʥʷ ʜʦʨʦʩʣʠʭ ʪʘ ʜʽʪʝʡ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʝʩʝʥʮʽʡʥʠʭ ʥʫʪʨʽʻʥʪʽʚ, ʧʦʢʨʘʱʝʥʠʤʠ 
ʩʧʦʞʠʚʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʩʧʨʠʷʪʠʤʝ ʟʙʝʨʝʞʝʥʥʶ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʟʤʫ ʚʽʜ 
ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʈʦʟʨʦʙʣʝʥʘ ʢʫʣʽʥʘʨʥʘ ʧʨʦʜʫʢʮʽʷ ʤʦʞʝ ʙʫʪʠ  
ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʭʘʨʯʫʚʘʥʥʷ ʫ ʧʦʚʩʷʢʜʝʥʥʠʭ ʨʘʮʽʦʥʘʭ ʣʶʜʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʚʘʞʢʦʾ 
ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʦʞʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʪʘ ʚʩʽʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ. 
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ʅʘʫʯʥʳʝ ʪʨʫʜʳ SWorld. 2013. ˉ 1. ʉ. 73ï77. 
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SYNTHESIS AND STRUCTURAL CHARACTERIZATION  

OF ZNO NANOPARTICLES  
 
In the present work, zinc oxide (ZnO) nanoparticles were synthesized by direct precipitation method in aqueous 

solution using zinc acetate dihydrate and sodium hydroxide as precursors. The molar ratio of Zn2+ to OH- was 1:2. The 
obtained precipitated compound was treated at different temperatures. The crystal phase and structural parameters of each 
prepared ZnO samples such as interplanar spacing, crystallite size, dislocation density, micro strain were determined by X-ray 
diffraction (XRD) analysis for different crystallographic planes. Other crystallite parameters such as lattice constants, unit 
cell volume, ZnɀO bond length, crystallinity of synthesized ZnO samples also were calculated from the XRD data. The XRD 
patterns show the successfully synthetized ZnO phase with wurtzite hexagonal structure and average crystallite sizes of 24.6 
nm, 25.6 nm and 28.1 nm for the samÐÌÅÓ ÔÈÁÔ ÄÒÉÅÄ ÁÔ ÒÏÏÍ ÔÅÍÐÅÒÁÔÕÒÅ ×ÉÔÈÏÕÔ ÈÅÁÔ ÔÒÅÁÔÍÅÎÔ ɉ3υɊȟ ÄÒÉÅÄ ÁÔ ϊτЌ# ×ÉÔÈÏÕÔ 
ÃÁÌÃÉÎÁÔÉÏÎ ɉ3φɊȟ ÄÒÉÅÄ ÁÔ ϊτЌ# ÁÎÄ ÃÁÌÃÉÎÁÔÅÄ ÁÔ χττЌ# ÉÎ ÁÉÒ ÁÔÍÏÓÐÈÅÒÅ ÆÏÒ φ ÈÏÕÒÓ ɉ3χɊ ÒÅÓÐÅÃÔÉÖÅÌÙȢ 4ÈÅ ÃÁÌÃÕÌÁÔÅÄ 
structural parameters of the synthesized ZnO nanoparticles are in good agreement with the standard reported data (JCPDS 
36-1451). The effect of heat treatment on the structural parameters of synthesized ZnO nanoparticles was examined and it 
indicates that increasing the thermal decomposition temperature improves the quality of crystalline material. The XRD data 
show that the synthesized S3 sample was free of impurities and characterized by lattice constants a = 3.252 Bȟ Ã = 5.210 Bȟ 
unit cell volume V = 47.703 B3, bond length ZnɀO = 1.9789 B ÁÎÄ ÃÒÙÓÔÁÌÌÉnity 93%. The results are of practical value for 
simple synthesis of highly dispersed forms of ZnO and its possible application in textile finishing. 

Keywords:  ZnO, nanoparticles, precipitation, structure, XRD. 
 

ɸʉɸʋʃʖʂ ʊ. ʉ., ʉɸʈɯɹɭʂʆɺɸ ʖ.ɻ., ʉɽʄɽʐʂʆ ʆ.ʗ., ʂʋʃɯʐ ɯ.ʄ. 
ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʉʀʅʊɽɿ ɯ ʉʊʈʋʂʊʋʈʅɸ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʅɸʅʆʏɸʉʊʀʅʆʂ ZNO 
 

ˠ ̨̅́̎̊ ̨̑̏̂̏̓ ̘̎́̎̏́̒̓̉̎̋̉ ̗̉̎̋̔ ̏̋̒̉̅̔ ɉZnOɊ ̨̒̉̎̓̆̈̏̃́̎ ̍̆̓̏̅̏̍ ̠̐̑̍̏̄̏ ̠̏̒́̅̇̆̎̎ ̔ ̃̏̅̎̏̍̔ ̨̘̑̏̈̉̎ ̈ 
̠̃̉̋̏̑̉̒̓́̎̎̍ ̗̉̎̋̔ ̗́̆̓́̓̔ ̨̅̉̄̅̑́̓̔ ̨ ̨̟̎́̓̑ ̨̄̅̑̏̋̒̉̅̔ ̠̋ ̨̐̑̆̋̔̑̒̏̑̃Ȣ ˙̠̏̌̑̎̆ ̨̨̙̠̒̐̃̃̅̎̏̆̎̎ Zn2+ ̅ ̏OH- ̒̋̌́̅́̌̏ υȡφȢ 
˛̓̑̉̍́̎̉̊ ̏̒́̅ ̠̏̂̑̏̂̌̌̉ ̐̑̉ ̨̖̑̈̎̉ ̖̓̆̍̐̆̑́̓̔̑́Ȣ ˗̨̘̑̉̒̓́̌̎̔ ́̈̔̕ ̨ ̨̒̓̑̔̋̓̔̑̎ ̐́̑́̍̆̓̑̉ ̋̏̇̎̏̄̏ ̏̓̑̉̍́̎̏̄̏ ̈̑́̈̋́ȟ 
̨̓́̋ ̠̋ ̨̍̇̐̌̏̉̎̎́̚ ̨̝̃̅̒̓́̎ȟ ̨̑̏̈̍̑ ̨̨̋̑̉̒̓́̌̓̃ȟ ̨̨̝̝̌̎̒̓̚ ̨̗̅̉̒̌̏̋́̊ȟ ̨̠̍̋̑̏̎́̐̑̔̇̆̎̎ȟ ̘̃̉̈̎́́̌̉ ̈́ ̟̅̏̐̏̍̏̄̏ 
̑̆̎̓̄̆̎̏̒̓̑̔̋̓̔̑̎̏̄̏ ̨́̎́̌̈̔ ɉXRDɊ ̠̅̌ ̨̖̑̈̎̉ ̨̘̖̋̑̉̒̓́̌̏̄̑́̎̉̕ ̐̌̏̉̎̚Ȣ ˴̨̙̎ ̐́̑́̍̆̓̑̉ ̨̋̑̉̒̓́̌̓̔ȟ ̨̓́̋ ̠̋ ̋̏̎̒̓́̎̓̉ 
̨̙̑̆̓̋̉ȟ ̏̂ȭ̤̍ ̩̆̌̆̍̆̎̓́̑̎̏ ̨̋̏̍̑̋̉ȟ ̅̏̃̇̉̎́ ̈̃ȭ̠̈̋̔ ZnɀOȟ ̨̨̘̝̋̑̉̒̓́̌̎̒̓ ̖̒̉̎̓̆̈̏̃́̎̉ ̨̈̑́̈̋̃ ZnOȟ ̓́̋̏̇ ̖̑̏̈̑́̏̃̔̃́̌̉ ̈́ 
̅́̎̉̍̉ XRDȢ ˝̆̎̓̄̆̎̏̄̑́̍̉ ̟̝̅̆̍̏̎̒̓̑̔̓ ̨̙̔̒̐̎̏ ̒̉̎̓̆̈̏̃́̎̔ ́̈̔̕ ZnO ̈ ̝̟̄̆̋̒́̄̏̎́̌̎̏ ̟̒̓̑̔̋̓̔̑̏ ̟̗̃̑̉̓̔ ̨ ̨̒̆̑̆̅̎̍̉ 
̨̑̏̈̍̑́̍̉ ̨̨̋̑̉̒̓́̌̓̃ φψȟϊ ̎̍ȟ φωȟϊ ̎̍ ̨ φόȟυ ̎̍ ̠̅̌ ̨̈̑́̈̋̃ȟ ̙̖̃̉̒̔̆̎̉ ̐̑̉ ̨̨̋̍̎́̓̎̊ ̨̓̆̍̐̆̑́̓̔̑ ̂̆̈ ̓̆̑̍̏̏̂̑̏̂̋̉ ɉS1), 
̙̖̃̉̒̔̆̎̉ ̐̑̉ ϊτЌC ̂̆̈ ̟̠̐̑̏̇́̑̃́̎̎ ɉSφɊȟ ̙̖̃̉̒̔̆̎̉ ̐̑̉ ϊτЌC ̨ ̖̏̂̑̏̂̌̆̎̉ ̐̑̉ χττЌC ̃ ̨́̓̍̏̒̆̑̕ ̨̠̐̏̃̓̑ ̠̐̑̏̓̄̏̍ φ ̄̏̅ ɉS3), 
̨̨̃̅̐̏̃̅̎̏Ȣ ˝̨̖̏̈̑́̏̃́̎ ̨̒̓̑̔̋̓̔̑̎ ̐́̑́̍̆̓̑̉ ̖̒̉̎̓̆̈̏̃́̎̉ ̘̎́̎̏́̒̓̉̎̏̋ ZnO ̅ ̏̂̑̆ ̟̝̠̔̈̄̏̅̇̔̓̒ ̨̈ ̒̓́̎̅́̑̓̎̉̍̉ ̨̈̃̓̎̉̍̉ 
̅́̎̉̍̉ (JCPDS 36-1451). ˑ̨̏̒̌̅̇̆̎̏ ̃̐̌̉̃ ̨̘̩̓̆̑̍̎̏ ̏̂̑̏̂̋̉ ̎́ ̨̒̓̑̔̋̓̔̑̎ ̐́̑́̍̆̓̑̉ ̖̒̉̎̓̆̈̏̃́̎̉ ̘̎́̎̏́̒̓̉̎̏̋ ZnOȟ ̠̋̉̊ 
̨̘̝̒̃̅̉̓ ̐̑̏ ̓̆ȟ ̏̚ ̨̠̐̅̃̉̆̎̎̚ ̓̆̍̐̆̑́̓̔̑̉ ̨̘̓̆̑̍̎̏̄̏ ̑̏̈̋̌́̅̔ ̤̐̏̋̑́̔̚ ̨̠̝̋̒̓ ̨̘̋̑̉̒̓́̌̎̏̄̏ ̨̍́̓̆̑́̌̔Ȣ ˑ̨́̎ XRD ̐ ̟̝̏̋́̈̔̓ȟ ̏̚ 
̒̉̎̓̆̈̏̃́̎̉̊ ̈̑́̈̏̋ Sχ ̎̆ ̨̝̍̒̓̉̓ ̨̙̅̏̍̏̋ ̨ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̐́̑́̍̆̓̑́̍̉ ̨̙̑̆̓̋̉ a = 3.252 Bȟ c = 5.210 Bȟ ̏̂ȭ̤̍̏̍ ̩̆̌̆̍̆̎̓́̑̎̏ 
̨̋̏̍̑̋̉ V = 47.703 B3ȟ ̟̅̏̃̇̉̎̏ ̈̃ȭ̠̈̋̔ ZnɀO = 1.9789 B ̨ ̨̨̘̟̋̑̉̒̓́̌̎̒̓ ύχϻȢ ˝̝̆̈̔̌̓́̓̉ ̟̝̍́̓ ̘̐̑́̋̓̉̎̆ ̘̠̈̎́̆̎̎ ̠̅̌ ̐̑̏̒̓̏̄̏ 
̒̉̎̓̆̈̔ ̖̃̉̒̏̋̏̅̉̒̐̆̑̒̎̉ ̏̑̍̕ ZnO ̨  ̩̖ ̍̏̇̌̉̃̏̄̏ ̠̈́̒̓̏̒̔̃́̎̎ ̃ ̨̠̏̐̏̑̅̇̆̎̎ ̟̓̆̋̒̓̉̌Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ZnOȟ ̘̎́̎̏́̒̓̉̎̋̉ȟ ̠̏̒́̅̇̆̎̎ȟ ̒̓̑̔̋̓̔̑́ȟ XRD. 
 

Introduction  

ZnO nanoparticles are semiconductor materials, which have been widespread used due to their unique 

physical and chemical properties, such as surface effect, quantum size effect and macroscopic quantum effect [1]. 

The application of ZnO nanoparticles to textile has attracted extensive attentions due to the advantages of 

ZnO nanoparticles, such as UV-shielding, antibacterial activity, biocompatible, biodegradable and biosafety for 

environmental applications. 

Emerging studies on functionalized cotton fibers modified with ZnO nanoparticles expanded the use of 

cotton fabrics for various applications, such as conductive [2], magnetic [3], photocatalytic [4], antimicrobial [5, 6], 

super hydrophobic [7] and fire retardant [8, 9] textiles. 
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Several in situ or ex situ approaches have been introduced for the incorporation of nanoparticles into textile 

fibers, in which the nanoparticles are synthesized in the presence of the fibers (in situ) or beforehand (ex situ) and 

then applied to the fibers [10]. 

Several ZnO synthesis routes have been described in the literature with different morphologies and 

excellent characteristics, including chemical precipitation [11], solvothermal [12], solïgel processing [13], thermal 

decomposition [14], microwave irradiation [15], chemical bath deposition [16], dip coating [17], spin coating [18], 

electrical deposition [17], and hydrothermal processing [19]. Among these methods, chemical precipitation provides 

a practical way for low cost and large-scale production, which does not need expensive raw materials and is 

expected to realize industrialization. 

During the synthesis of nanoparticles, it should be taken into account that the growth and the morphology 

of nano-ZnO are strongly affected by precursors concentration, pH of synthesis mixture, synthesis temperature, 

reaction time and heat treatment. 

In a number of recent works, which consider the preparation of ZnO nanoforms, various temperature 

ranges of precursors decomposition are indicated. Typically, low-temperature synthesis methods are more time 

consuming. In [20] described the synthesis ZnO nanoparticles with an average crystallite size of 16 nm by direct 

precipitation method at room temperature during 4 hrs followed by drying at 60ÁC without calcination. Romadhan 

and Suyatma [21] compared the structure and morphology of ZnO nanoparticles synthesized at three levels of 

temperatures (60ÁC, 80ÁC and 100ÁC) without or with calcinations (500ÁC). The results showed that preparation of 

ZnO nanoparticles by using heating at 80ÁC followed with calcinations at 500ÁC produced the smallest size (44 nm). 

As already stated [22, 23], calcination also influences the structure of the sample formed in terms of morphology. It 

was shown that the nanopowder agglomerated to form larger particle sizes at the calcination temperature higher than 

500ÁC. In addition, the rate of subsequent crystallization, as well as the properties of the obtained ZnO 

nanoparticles, depend not only on the conditions of synthesis, but also on the nature of the salt from the solution of 

which precipitation is carried out. Barabaszov§ and Hund§kov§ [24] showed that the nanoparticles morphology, 

crystallite size and particle size as well as pH of the reactions and subsequently ɝ-potential values are mainly 

depending on the type of Zn-precursor (zinc chloride and zinc acetate) used. In the work of Bekele and Berhanu [25] 

ZnO nanoparticles were synthesized from zinc acetate dehydrate, zinc sulphate heptahydrate and zinc nitrate 

hexahydrate as precursors with sodium hydroxide and polyvinyl alcohol at the same temperatures of synthesis, 

drying and calcination at 90ÁC, 150ÁC and 400ÁC, respectively. The XRD results showed that the synthesized 

nanoparticles have wurtzite hexagonal structure with the average particle size of 44 nm, 42 nm, 30 nm from zinc 

nitrate hexahydrate and polyvinyl alcohol concentration, zinc acetate and sodium hydroxide, zinc sulphate 

heptahydrate and sodium hydroxide samples respectively. 

In modern conditions, it is economically viable to develop technologies that can reduce the cost of 

chemical materials and energy resources. Thus, it is of interest to study a simple method for the synthesis of ZnO 

nanoparticles with good crystallinity at low temperatures. 

The purpose of present work is the synthesis and characterization of ZnO nanoparticles that are suitable 

for textile finishing. A simple precipitation method was used to prepare the ZnO nanoparticles in aqueous solution at 

low temperature in a short time. The influence of the synthesis conditions, namely, the thermal decomposition 

temperature, on the structural parameters of nano-ZnO was studied using the X-ray diffraction analysis. 

 

Materials and methods 

Zinc acetate (Zn(CH3COO)2Ŀ2H2O) and sodium hydroxide (NaOH) were of analytical grade and used in 

this work as precursors without further purification. 

ZnO nanoparticles were synthetized by direct precipitation method in aqueous solution. The molar ratio of 

Zn2+ to OH- was 1:2. Alkali  solution added drop wise into salt solution under vigorous stirring, which resulted in the 

formation of a white suspension. The reaction was allowed to proceed at 70ÁC for 2 hours to complete growth of 

nanoparticles. The resulting suspension was separated by centrifugation. The obtained white precipitate was washed 

three times in distilled water and two times in ethanol to remove any impurities or possible absorbed ions. 

Subsequently, the washed precipitate was divided into three parts, labeled S1, S2 and S3 samples. Then S1 sample 

was dried at room temperature without heat treatment, S2 sample was dried in an oven in air atmosphere at 60ÁC 

without calcination, S3 sample was dried at 60ÁC followed by calcination at 300ÁC for 2 hours. 

The crystal phase and structural parameters of the synthesized ZnO nanoparticles were determined by 

powder X-ray diffraction (Bruker D8 ADVANCE, Germany, CuKŬ radiation). The peaks of the X-ray diffraction 

patterns were compared with the standard available data for the confirmation of the structure. 

The processing of experimental results was carried out using Origin 2021b and Excel 2019 software. 

 

Results and discussion 

X-ray diffraction (XRD) is a simple and effective method for studying crystalline substances. The electrons 

of crystal atoms are responsible for the scattering of X-rays entering the crystal. The intensity of the diffraction 

scattering maxima is determined by the density of electrons in the atoms of those crystal planes from which 

scattering occurs. Analysis the profiles of diffraction peaks makes it possible to determine the distance between the 

crystal planes, the degree of their filling with atoms, the dimensions of the unit cell, and to get a complete picture of 

the crystal structure. 
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The powder XRD patterns of the ZnO samples S1, S2 and S3 synthesized at different decomposition 

temperatures are shown in Fig. 1. 

 

 
Fig. 1. XRD patterns of synthesized ZnO samples 

 

The appearance of diffraction peaks (Fig. 1) corresponding to the reflection from (100), (002), (101), (102), 

(110), (103), (200), (112) and (201) crystal planes is consistent with the standard XRD peaks of bulk ZnO reported 

in JCPDS (Joint Committee on Powder Diffraction Standards) card number: 36-1451 and indicates the formation of 

ZnO with hexagonal wurtzite structure. 

Shifts of the diffraction peaks positions are very small and quite consistent with that of JCPDS data (Table 

1). It is obvious that the width and intensity of the diffraction peaks changed with increasing thermal decomposition 

temperature of precipitate. The peak broadening of the diffraction pattern is mainly due to four factors: microstrains 

(deformations of the lattice), faulting (extended defects), crystalline domain size and domain size distribution [20]. 

If we assume that the analyzed ýne ZnO samples are free of strains and faulting, the peak broadening is only due to 

the crystalline domain size. Thus, definite peaks broadening in the XRD patterns indicates that small nanocrystals 

are present in the synthesized ZnO samples. The reduction in peaks width in XRD patterns with an increase in the 

decomposition temperature indicates an increase in the crystallites size. The observed sharper diffraction peaks of 

the S3 sample, due to the increase in intensity, indicate the enhancement ZnO particles crystallinity with increasing 

decomposition temperature. Further the synthesized S3 sample was free of impurities as no additional peaks 

associated with any other phase or impurity were observed apart from the characteristic peaks of ZnO. 

The crystallite sizes of synthesized ZnO samples were estimated from XRD data using the Scherrerôs 

formula (1) [26]: 

,
K

D
cos

l

b q
=  (1) 

where D is the crystallite size, K is Scherrerôs constant (0.89), ɚ is the X-ray wavelength (0.15406 nm), ɗ is the 

Bragg diffraction angle, and ɓ is the full width at half maximum (FWHM) of the diffraction peak. For the 

calculation we fitted the diffraction peaks with Gauss function. The crystallite size is assumed to be the size of a 

coherently diffracting domain and it is not necessarily the same as particle size. 

The dislocation density (ŭ), which represents the number of defects in the sample is deýned as the length of 

dislocation lines per unit volume of the crystal and was calculated from the crystallite size (D) using the relation (2): 

2

1
.

D
d=  (2) 
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Micro strain is defined as the root mean square of variations in the lattice parameters across the sample. 

The micro strain itself depends on the non-uniform lattice distortions, faulting, dislocations, antiphase domain 

boundaries, and grain surface relaxation. The micro strain value (Ů) for synthesized ZnO samples was calculated 

from XRD data using the formula (3): 

.
4tan

b
e

q
=  (3) 

Interplanar spacing (dhkl), which is the perpendicular distance between two successive crystallographic 

planes formed by the individual cells in a lattice structure, was calculated for different observed (hkl) planes from 

the Braggôs equation (4): 

2 ,hkln d sinl q=  (4) 

where n is the diffraction order (n = 1). 

All the calculated parameters for different crystallographic planes of each synthesized ZnO sample in 

comparison with standard data (JCPDS 36-1451) as well as the variation of the FWHM of various diffraction peaks 

are summarized in Table 1. 

 

Table 1 

Structural parameters of synthesized ZnO samples from XRD data for corresponding (hkl) planes 

No. 
(hkl) 

planes 

2ɗ (degree) 
Interplanar spacing, 

dhkl (¡) FWHM 

(degree) 

Crystallite 

size, Dhkl 

(nm) 

Dislocation 

density, 

ŭĬ10-3 

(nm-2) 

Micro 

strain, 

ŮĬ10-3 
Standard 

(JCPDS 

36-1451) 

Synthesized 

Standard 

(JCPDS 

36-1451) 

Synthesized 

S1 

1 100 31.770 31.740 2.8143 2.8169 0.28998 28.165 1.261 4.451 

2 002 34.422 34.389 2.6033 2.6057 0.24153 34.048 0.863 3.406 

3 101 36.253 36.226 2.4759 2.4777 0.30124 27.439 1.328 4.018 

4 102 47.539 47.506 1.9111 1.9124 0.33595 25.549 1.532 3.331 

5 110 56.603 56.562 1.6247 1.6258 0.37665 23.685 1.783 3.055 

6 103 62.864 62.821 1.4771 1.4780 0.39651 23.215 1.856 2.833 

7 200 66.378 66.354 1.4071 1.4076 0.43248 21.703 2.123 2.886 

8 112 67.961 67.914 1.3782 1.3790 0.46316 20.450 2.391 3.001 

9 201 69.100 69.045 1.3582 1.3592 0.56812 16.784 3.550 3.604 

S2 

1 100 31.770 31.742 2.8143 2.8168 0.27552 29.643 1.138 4.228 

2 002 34.422 34.392 2.6033 2.6056 0.22833 36.016 0.771 3.219 

3 101 36.253 36.230 2.4759 2.4774 0.29195 28.312 1.248 3.894 

4 102 47.539 47.510 1.9111 1.9122 0.32735 26.220 1.455 3.245 

5 110 56.603 56.565 1.6247 1.6257 0.36274 24.593 1.653 2.942 

6 103 62.864 62.823 1.4771 1.4780 0.42453 21.683 2.127 3.033 

7 200 66.378 66.354 1.4071 1.4076 0.44090 21.288 2.207 2.942 

8 112 67.961 67.923 1.3782 1.3789 0.43231 21.910 2.083 2.801 

9 201 69.100 69.056 1.3582 1.3590 0.46151 20.662 2.342 2.927 

S3 

1 100 31.770 31.751 2.8143 2.8160 0.26181 31.196 1.028 4.017 

2 002 34.422 34.399 2.6033 2.6050 0.22699 36.230 0.762 3.200 

3 101 36.253 36.232 2.4759 2.4773 0.27377 30.192 1.097 3.651 

4 102 47.539 47.524 1.9111 1.9117 0.31088 27.611 1.312 3.081 

5 110 56.603 56.575 1.6247 1.6255 0.34447 25.899 1.491 2.793 

6 103 62.864 62.843 1.4771 1.4776 0.37364 24.639 1.647 2.669 

7 200 66.378 66.354 1.4071 1.4076 0.30998 30.280 1.091 2.069 

8 112 67.961 67.932 1.3782 1.3787 0.39906 23.736 1.775 2.585 

9 201 69.100 69.070 1.3582 1.3588 0.40643 23.464 1.816 2.577 

 

It was established that the calculated sizes of crystallites of all synthesized ZnO samples are in the nanosize 

range (Table 1). Depending on the decomposition temperature of precipitate, the average crystallite size changes in 

the series S1 < S2 < S3 and amounts to 24.560, 25.592 and 28.139 nm, respectively. 

An analysis of the obtained values of the interplanar distance (dhkl) for various observed (hkl) planes (Table 

1) shows that for all studied ZnO samples, the calculated and standard values of dhkl differ insignificantly. The slight 

difference may be due to the presence of deformation in the crystals. 

It was found that the dislocation density of synthesized ZnO samples is very low (Table 1). The change in 

the values of this index for different crystallographic planes is associated with the anisotropy of crystal growth. The 
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lowest values of the dislocation density, as well as micro strain of the crystal lattice, are observed for sample S3, 

which indicates the formation of a good quality crystalline material. 

To evaluate the quality of the obtained nanocrystalline materials, it is also necessary to determine the 

crystal lattice parameters of the ZnO samples. 

The wurtzite structure of ZnO (Fig. 2) can be considered to be composed of two interpenetrating hexagonal 

close packed (HCP) sublattices of Zn2+ cation and O2- anion displaced relative to each other along direction c by 

length u. 

 

 
Fig. 2. Hexagonal structure of wurtzite ZnO: 

ʘ) ï projection perpendicular to direction c; b) ï projection along direction c. 

 

As seen in Fig. 2, in the crystal lattice of ZnO, layers of zinc ions alternate along the direction c with layers 

of oxygen ions. Each Zn2+ cation is surrounded by four O2- anions located at the vertices of a tetrahedron (similarly, 

each anionic site is surrounded by a tetrahedral environment of four cationic sites). 

The lattice parameters in the ZnO hexagonal structure were estimated using the equation (5), which relates 

the interplanar spacing (dhkl) to the lattice constants a, c and the Miller indices h, k, l: 
2 2 2

2 2 2

1 4
.

3hkl

h k hk l

d a c

å õ+ +
= +æ ö
ç ÷

 (5) 

The volume of the wurtzite unit cell (V) is expressed as (6): 

( )23
.

2
V a c=  (6) 

The ZnïO bond length (L) is calculated by (7): 

2 22
21 1
;    0.25 ,

3 2 3

a a
L u c u

c

è øå õ å õ
= + - = +é ùæ ö æ ö

ç ÷ ç ÷é ùê ú

 (7) 

where u is the positional parameter in the wurtzite structure and is a measure of the amount by which each atom is 

displaced with respect to the next along the c-axis. 

The crystallinity of the synthesized ZnO samples was determined according to XRD data from the ratio of 

the crystalline regions area to the total area of amorphous and crystalline regions. 

The calculated lattice parameters of synthesized ZnO samples in comparison with standard unit cell data 

(JCPDS 36-1451), average crystallite sizes and crystallinity are summarized in Table 2. 

 

Table 2 

General crystallite parameters of synthesized ZnO samples calculated from the XRD data 

Sample 

Average 

crystallite 

size, 

D (nm) 

Lattice constant 
Unit cell 

volume 

(¡3) 

Bond length 

ZnïO (¡) 

Crystallinity 

(%) a (¡) c (¡) c/a (¡) 

Standard (JCPDS 36-1451) ï 3.250 5.207 1.6020 47.630 ï ï 

Synthesized 

S1 24.560 3.253 5.211 1.6022 47.749 1.9796 85.85 

S2 25.592 3.253 5.211 1.6022 47.743 1.9795 84.24 

S3 28.139 3.252 5.210 1.6023 47.703 1.9789 93.02 
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The calculated lattice parameters of the synthesized ZnO samples (Table 2) are in good agreement with the 

standard reported data (JCPDS 36-1451). The observed deviations in the values of the lattice constants can be 

caused by a slight change in the peaks position due to the defect. The lattice constants a = 3.252 ¡, c = 5.210 ¡ and 

the unit cell volume V = 47.703 ¡3 closest to the standard correspond to sample S3. The calculated ZnïO bond 

length in the unit cell of sample S3 is 1.9789 ¡. The crystallinity of the synthesized ZnO powder increases from 

85.85 and 84.24% for samples S1 and S2 to 93.02% for sample S3 after calcination. 

The results of the present study show that the formation of a pure ZnO phase in a wurtzite hexagonal 

structure with high quality of crystalline material and average crystallite size of 28 nm can be obtained from zinc 

acetate and sodium hydroxide as precursors at a synthesis temperature of 70ÁC, a drying temperature of 60ÁC, and a 

calcination temperature of 300ÁC. 

Conclusions 

The ZnO nanoparticles were synthesized successfully by direct precipitation method under different 

conditions. The ZnO phase formation was confirmed by XRD analysis. The XRD results show that the ZnO 

nanoparticles were formed in a wurtzite hexagonal structure with average crystallite size of 24.6 ï 28.1 nm. The 

calculated structural parameters of the synthesized ZnO nanoparticles are in good agreement with the standard 

reported data (JCPDS 36-1451). The study of influence of the precipitate treatment temperature on the structure of 

crystalline material shows that calcination at 300ÁC (S3 sample) makes it possible to obtain ZnO nanoparticles free 

from impurities with a crystallinity of 93%. The results confirm the high quality of the synthesized ZnO 

nanoparticles, which make them suitable for possible application in textile finishing. 
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ITERATIVE ALGORITHMS FOR SOLVING A PLANE PROBLEM  FOR AN ENVIRONMENT WITH 

SIGNIFICANT MANIFESTATION OF INTERNAL FRICTION  
 

The purpose of research is to develop an algorithm for solving of a flat nonlinear problem of mechanics of discrete environment, 
which laws of deformation of take into account the effect of the internal friction. Described the explanation of the iterative algorithm for the 
numerical solution of the plane physically nonlinear boundary value problems of mechanics of discrete environment. Feature of the problem 
is the consideration of the effect of internal Coulomb friction on the deformation of the environment. When solving the problem in 
displacements for finite simplex elements, the continuity conditions are always satisfied at the nodes and at the faces of the element. Solving 
the system of canonical linear equations of the displacement method ensures the fulfillment of the equilibrium conditions in each node of the 
discrete computational domain. Therefore, the calculation procedure is organized in such a way that the obtained solutions also comply with 
the laws of deformation of the material. Known iterative methods of variable stiffness, initial stresses or initial deformations, which differ 
only in the method of obtaining solutions, can be used for this purpose. The analysis showed that the most effective method for solving the 
formulated physically nonlinear problem is the variable stiffness, on the basis of which the iterative algorithm was developed. Described in 
the article iterative algorithm for solving of a flat boundary value problems of mechanics of a discrete environment allows to take into 
account the influence on the process of deformation internal friction. It can also be used to solve problems in the mechanics of solid 
deformable body with a most influence of internal friction, thermo-elasticity problems, etc. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʬʦʨʤʫʣʴʦʚʘʥʘ ʚ [1] ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ, ʱʦ ʦʧʠʩʫʻ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʧʣʦʩʢʦʾ ʦʙʣʘʩʪʽ, ʟʘʧʦʚʥʝʥʦʾ 

ʤʘʪʝʨʽʘʣʦʤ ʟ ʩʫʪʪʻʚʠʤ ʚʥʫʪʨʽʰʥʽʤ ʪʝʨʪʷʤ, ʚʢʣʶʯʘʻ ʬʽʟʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʽ ʟʤʽʥʥʠʤʠ ʤʦʜʫʣʷʤʠ 

ʜʝʬʦʨʤʘʮʽʾ, ʚʝʣʠʯʠʥʠ ʷʢʠʭ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʤʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʩʷʛʥʫʪʦʛʦ ʚ 

ʢʦʞʥʽʡ ʪʦʯʮʽ ʦʙʣʘʩʪʽ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. 

ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʾ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʩʧʝʮʽʘʣʴʥʽ ʯʠʩʝʣʴʥʽ ʽʪʝʨʘʮʽʡʥʽ 

ʧʨʦʮʝʜʫʨʠ. ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ [2], ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʟ ʚʽʜʦʤʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʨʦʮʝʜʫʨ ʻ ʤʝʪʦʜ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝʡ ʤʝʪʦʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʫ 

ʜʦʛʨʘʥʠʯʥʽʡ ʩʪʘʜʽʾ ʧʨʠʡʥʷʪʦ ʟʘ ʙʘʟʦʚʠʡ ʧʨʠ ʨʦʟʨʦʙʮʽ ʽʪʝʨʘʮʽʡʥʠʭ ʧʨʦʮʝʜʫʨ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚôʷʟʘʥʥʷ ʧʣʦʩʢʦʾ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʤʝʭʘʥʽʢʠ ʜʠʩʢʨʝʪʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʟʘʢʦʥʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʷʢʦʛʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʄʘʪʝʤʘʪʠʯʥʝ ʬʦʨʤʫʣʶʚʘʥʥʷ ʟʘʜʘʯʽ ʥʘʚʝʜʝʥʦ ʫ [1]. 

ɿʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʤʘʪʨʠʯʥʠʭ ʨʽʚʥʷʥʴ [1]: 

[]{} {}VB T =s   ï ʨʽʚʥʷʥʥʷ ʨʽʚʥʦʚʘʛʠ; 

{}[]{}uB=e       ï ʛʝʦʤʝʪʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʂʦʰʽ; 

{}[]{}e=s ʟʤD  ï ʥʝʣʽʥʽʡʥʽ ʬʽʟʠʯʥʽ ʨʽʚʥʷʥʥ ̫ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣʦʚʠʭ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʫʤʦʚ ʥʘ ʤʝʞʽ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. 

ɿʚʝʜʝʥʥʷ ʚʢʘʟʘʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʦ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴʢʦʭ ʨʦʟʚôʷʟʫʚʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ, ʷʢ ʮʝ ʟʘʟʚʠʯʘʡ ʨʦʙʠʪʴʩʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʘʥʘʣʽʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʚʠʷʚʠʣʦʩʴ 

ʤʘʣʦ ʝʬʝʢʪʠʚʥʠʤ. ʊʦʤʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʣʦʩʢʦʾ ʬʽʟʠʯʥʦ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ 

ʤʝʭʘʥʽʢʠ ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʦʟʨʦʙʣʝʥʦ ʽʪʝʨʘʮʽʡʥʽ ʧʨʦʮʝʜʫʨʠ, ʘʥʘʣʦʛʽʯʥʽ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ 

ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ [3, 4], ʢʦʣʠ ʽʪʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʤʝʞʘʭ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ 

ʝʣʝʤʝʥʪʘ, ʘ ʥʝ ʜʣʷ ʚʩʽʻʾ ʦʙʣʘʩʪʽ, ʘ ʨʽʰʝʥʥʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʧʣʦʩʢʦʾ ʦʙʣʘʩʪʽ ʚʚʝʜʝʥʥʷʤ 

ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ ʙʫʜʽʚʝʣʴʥʦʾ 

ʤʝʭʘʥʽʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʢʨʘʡʦʚʠʭ ʫʤʦʚ. 
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ɼʣʷ ʧʨʠʡʥʷʪʠʭ ʩʠʤʧʣʝʢʩ-ʝʣʝʤʝʥʪʽʚ ʽʪʝʨʘʮʽʡʥʽ ʧʨʦʮʝʜʫʨʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʦʜʥʠʤ ʟ ʪʨʴʦʭ 

ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ [4]: ʟʤʽʥʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ, ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʧʦʯʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɺʽʜʦʤʦ, ʱʦ ʨʦʟʚôʷʟʦʢ ʟʘʜʘʯʽ ʙʫʜʝ ʻʜʠʥʠʤ, ʷʢʱʦ ʚʦʥʦ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʨʽʚʥʦʚʘʛʠ, ʥʝʨʦʟʨʠʚʥʦʩʪʽ 

ʜʝʬʦʨʤʘʮʽʡ, ʧʨʠʡʥʷʪʠʤ ʚ ʤʦʜʝʣʽ ʟʘʢʦʥʘʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʢʨʘʡʦʚʠʤ ʫʤʦʚʘʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ. 

ʇʽʜ ʯʘʩ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯʽ ʚ ʧʝʨʝʤʽʱʝʥʥʷʭ [2] ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʄʉɽ ʜʣʷ ʧʨʠʡʥʷʪʠʭ ʩʠʤʧʣʝʢʩ-

ʝʣʝʤʝʥʪʽʚ ʫʤʦʚʠ ʥʝʨʦʟʨʠʚʥʦʩʪʽ ʟʘʚʞʜʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʚʫʟʣʘʭ ʽ ʥʘ ʛʨʘʥʷʭ ʝʣʝʤʝʥʪʘ. ʈʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʢʘʥʦʥʽʯʥʠʭ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ, ʷʢʽ ʟʘ ʩʚʦʾʤ ʟʤʽʩʪʦʤ ʻ ʨʽʚʥʷʥʥʷʤʠ ʨʽʚʥʦʚʘʛʠ, ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʢʦʥʘʥʥʷ ʫʤʦʚ ʨʽʚʥʦʚʘʛʠ ʫ ʢʦʞʥʦʤʫ ʚʫʟʣʽ ʜʠʩʢʨʝʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ. ʊʦʤʫ ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʨʦʮʝʜʫʨʘ 

ʦʨʛʘʥʽʟʦʚʫʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʜʝʨʞʘʥʽ ʨʽʰʝʥʥʷ ʚʽʜʧʦʚʽʜʘʣʠ ʪʘʢʦʞ ʽ ʟʘʢʦʥʘʤ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʮʴʦʛʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚʽʜʦʤʽ ʽʪʝʨʘʮʽʡʥʽ ʤʝʪʦʜʠ ʟʤʽʥʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ, ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 

ʘʙʦ ʧʦʯʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʪʽʣʴʢʠ ʩʧʦʩʦʙʦʤ ʦʜʝʨʞʘʥʥʷ ʨʽʰʝʥʴ. 

ʇʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʤʝʪʦʜʦʤ ʟʤʽʥʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ ʫʩʽ Ăʥʝʣʽʥʽʡʥʦʩʪʽò ʟʚʦʜʷʪʴ ʚ 

ʤʘʪʨʠʮʶ []ʟʤD  ʟʤʽʥʥʠʭ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʘ ʜʘʣʽ ï ʚ ʤʘʪʨʠʮʶ []ek  ʞʦʨʩʪʢʦʩʪʽ ʝʣʝʤʝʥʪʘ. 

ɼʝʬʦʨʤʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤG  ʽ ʟʤK , ʱʦ ʚʭʦʜʷʪʴ ʚ ʮʽ ʤʘʪʨʠʮʽ, ʢʦʨʝʛʫʶʪʴʩʷ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ 

ʽʪʝʨʘʮʽʾ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʩʷʛʥʫʪʦʛʦ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʨʽʚʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ. 

ʄʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʟʥʘʯʝʥʥʷ G  ʽ K  ʟʘʣʠʰʘʶʪʴʩʷ ʧʦʩʪʽʡʥʠʤʠ 

ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. ɺ ʷʢʦʩʪʽ ʥʝʚôʷʟʦʢ ʤʽʞ ʣʽʥʽʡʥʠʤ ʪʘ ʥʝʣʽʥʽʡʥʠʤ ʨʽʰʝʥʥʷʤ ʨʦʟʛʣʷʜʘʶʪʴ ʨʽʟʥʠʮʶ 

ʥʘʧʨʫʞʝʥʴ, ʷʢʘ ʧʨʠʡʤʘʻʪʴʩʷ ʟʘ ʧʦʯʘʪʢʦʚʽ ʥʘʧʨʫʞʝʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʽʪʝʨʘʮʽʡ. 

ʄʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʧʝʨʝʜʥʴʦʤʫ, ʘʣʝ ʚ ʷʢʦʩʪʽ ʥʝʚôʷʟʦʢ ʨʦʟʛʣʷʜʘʶʪʴ 

ʨʽʟʥʠʮʽ ʜʝʬʦʨʤʘʮʽʡ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ ʬʽʟʠʯʥʦ 

ʥʝʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ ʻ ʤʝʪʦʜ ʟʤʽʥʥʠʭ ʞʦʨʩʪʢʦʩʪʝʡ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʽ ʨʦʟʨʦʙʣʝʥʦ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʽʪʝʨʘʮʽʡʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʟʘ ʮʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚôʷʟʫʶʪʴ ʣʽʥʽʡʥʫ ʟʘʜʘʯʫ ʦʜʥʦʨʽʜʥʦʾ 

ʦʙʣʘʩʪʽ. ɼʣʷ ʫʩʽʭ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘʜʘʶʪʴ ʦʜʥʽ ʽ ʪʽ ʞ ʧʦʯʘʪʢʦʚʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʟʩʫʚʫ 1G  ʪʘ ʤʦʜʫʣʷ 

ʦʙôʻʤʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 1K , ʷʢʽ ʧʨʠʟʥʘʯʘʶʪʴ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʘʟʢʽʚ ʤʘʪʝʨʽʘʣʫ ʚ ʫʤʦʚʘʭ ʧʣʦʩʢʦʾ 

ʜʝʬʦʨʤʘʮʽʾ [5]. ʌʦʨʤʫʶʪʴ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ [ ]ek
1  ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʘ ʟʘ ʧʨʘʚʠʣʦʤ Ăʟʙʠʨʘʥʥʷò ʽ 

ʛʣʦʙʘʣʴʥʫ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ [ ]1K  ʩʠʩʪʝʤʠ. 

ʈʦʟʚôʷʟʫʶʪʴ ʩʠʩʪʝʤʫ ʢʘʥʦʥʽʯʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʨʘʡʦʚʠʭ ʫʤʦʚ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ {}1d  

 

{} [ ]{},1
11 RK -=d  

ʜʝ {}R  ï ʚʝʢʪʦʨ ʚʫʟʣʦʚʠʭ ʩʠʣ. 

ɿʘ ʚʠʟʥʘʯʝʥʠʤʠ ʚʫʟʣʦʚʠʤʠ ʧʝʨʝʤʽʱʝʥʥʷʤʠ ʟʥʘʭʦʜʷʪʴ ʚʝʢʪʦʨʠ ʜʦʩʷʛʥʫʪʠʭ ʥʘ ʧʝʨʰʽʡ ʽʪʝʨʘʮʽʾ 

ʜʝʬʦʨʤʘʮʽʡ {}1e  ʽ ʥʘʧʨʫʞʝʥʴ {}1s  ʚ ʢʦʞʥʦʤʫ ʝʣʝʤʝʥʪʽ 

{} []{};11 d=e B  

{} [][]{}.111 d=s BD  

ɿʘ ʮʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʦʙʯʠʩʣʶʶʪʴ ʽʥʚʘʨʽʘʥʪʠ 111 ,, GPS  ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ. ɺ ʧʨʦʩʪʦʨʽ 

ʽʥʚʘʨʽʘʥʪʽʚ ʟʥʘʯʝʥʥʷʤ 111 ,, GPS  ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘ 1A  (ʨʠʩ. 1), ʘ ʥʘʧʨʫʞʝʥʥʷ {}1s  ʽ ʜʝʬʦʨʤʘʮʽʾ {}1e, ʱʦ 

ʦʜʝʨʞʘʥʽ ʟ ʨʽʰʝʥʥʷ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʣʽʥʽʡʥʦʾ ʟʘʜʘʯʽ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʨʠʟʥʘʯʝʥʠʤ ʚʝʣʠʯʠʥʘʤ ʤʦʜʫʣʽʚ 1G  ʽ 

1K , ʘʣʝ ʥʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʟʘʢʦʥʘʤʠ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɺʠʟʥʘʯʝʥʠʡ ʟ ʣʽʥʽʡʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʨʽʚʥʦʚʘʛʠ ʽ ʩʫʮʽʣʴʥʦʩʪʽ, 

ʘʣʝ ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʬʽʟʠʯʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʨʽʚʥʷʥʥʷʤ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʝʨʭʥʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. ʊʦʤʫ 

ʦʜʝʨʞʘʥʘ ʪʦʯʢʘ 1A  (ʨʠʩ. 1) ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʣʝʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɼʦʩʷʛʥʫʪʽʡ 

ʜʝʬʦʨʤʘʮʽʾ 1G ʥʘ ʮʽʡ ʧʦʚʝʨʭʥʽ ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘ 1a . ɺʽʜʨʽʟʦʢ 11aA  ʚʽʜʦʙʨʘʞʘʻ ʨʽʟʥʠʮʶ ʤʽʞ ʣʽʥʽʡʥʠʤ ʽ 

ʥʝʣʽʥʽʡʥʠʤ ʨʦʟʚôʷʟʢʦʤ (ʥʝʚôʷʟʢʫ). 

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʚôʷʟʢʠ ʧʨʦʚʦʜʷʪʴ ʥʘʩʪʫʧʥʽ ʽʪʝʨʘʮʽʾ. 

ʅʘ ʜʨʫʛʽʡ ʽʪʝʨʘʮʽʾ ʧʨʠʟʥʘʯʘʶʪʴ ʥʦʚʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʜʝʬʦʨʤʘʮʽʾ  
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2 22 GK , ʩʚʦʾ ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʽ ʨʦʟʚôʷʟʫʶʪʴ ʣʽʥʽʡʥʫ ʟʘʜʘʯʫ ʚʞʝ ʜʣʷ 

ʥʝʦʜʥʦʨʽʜʥʦʾ ʦʙʣʘʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʝʬʦʨʤʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ 2G  ʽ 2K  ʙʫʜʫʪʴ ʨʽʟʥʠʤʠ ʜʣʷ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ 

ʝʣʝʤʝʥʪʘ. ɼʘʣʽ ʬʦʨʤʫʶʪʴ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ [ ]ek
2  ʝʣʝʤʝʥʪʽʚ, ʛʣʦʙʘʣʴʥʫ ʤʘʪʨʠʮʶ ʞʦʨʩʪʢʦʩʪʽ [ ]2K  ʩʠʩʪʝʤʠ, 

ʟʥʘʭʦʜʷʪʴ ʚʫʟʣʦʚʽ ʧʝʨʝʤʽʱʝʥʥʷ {}2d , ʜʝʬʦʨʤʘʮʽʾ {}2e  ʽ ʥʘʧʨʫʞʝʥʥʷ {}2s  ʚ ʫʩʽʭ ʝʣʝʤʝʥʪʘʭ. ʇʽʜʨʘʭʦʚʫʶʪʴ 

ʽʥʚʘʨʽʘʥʪʠ 222 ,, GPS  ʦʜʝʨʞʘʥʠʭ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ, ʚʠʟʥʘʯʘʶʪʴ ʥʝʚôʷʟʢʫ 
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ʤʽʞ ʣʽʥʽʡʥʠʤ ʨʽʰʝʥʥʷʤ ʽ ʧʦʚʝʨʭʥʝʶ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʗʢʱʦ ʥʝʚôʷʟʢʘ ʙʽʣʴʰʘ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ ʤʘʣʦʾ ʚʝʣʠʯʠʥʠ, 

ʧʨʦʜʦʚʞʫʶʪʴ ʽʪʝʨʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟ ʤʦʜʫʣʷʤʠ ʜʝʬʦʨʤʘʮʽʾ ;2
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ʈʠʩ. 1. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ 

 

ʆʧʠʩʘʥʠʡ ʧʨʦʮʝʩ ʥʘʛʣʷʜʥʦ ʽʣʶʩʪʨʫʻʪʴʩʷ ʧʦʙʫʜʦʚʘʤʠ, ʱʦ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1. 

ʃʽʥʽʡʥʦʤʫ ʨʽʰʝʥʥʶ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚ ʧʨʦʩʪʦʨʽ ʽʥʚʘʨʽʘʥʪʽʚ PS,,G  ʚʽʜʧʦʚʽʜʘʻ ʪʦʯʢʘ ( )1111 ,, PSA G  ʽ 

ʢʨʠʚʘ I , ʱʦ ʻ ʟʨʽʟʦʤ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʣʦʱʠʥʦʶ constP =1 , ʘ ʜʦʩʷʛʥʫʪʦʤʫ ʨʽʚʥʶ ʜʝʬʦʨʤʘʮʽʡ 1G ï 

ʪʦʯʢʘ 1a  ʥʘ ʢʨʠʚʽʡ I . ɺʽʜʨʽʟʦʢ 11aA  ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʥʝʚôʷʟʢʘ ʤʽʞ ʣʽʥʽʡʥʠʤ ʽ ʥʝʣʽʥʽʡʥʠʤ ʨʽʰʝʥʥʷʤʠ. 

ʄʦʜʫʣʴ ʟʩʫʚʫ 2G , ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 2-ʤʫ ʝʪʘʧʽ ʽʪʝʨʘʮʽʾ ʜʦʨʽʚʥʶʻ ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʥʘʭʠʣʫ ʩʽʯʥʦʾ 11aO  

( )22 a=tgG . ɺʽʜʧʦʚʽʜʥʦ ʜʣʷ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ 33 a=tgG  ʽ ʪ.ʜ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ 

ʽʪʝʨʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʚʝʣʠʯʠʥʠ ʤʦʜʫʣʽʚ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠʟʥʘʯʘʶʪʴ ʟʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʘʪʠʚʥʠʤ ʩʪʘʥʦʤ, 

ʜʦʩʷʛʥʫʪʠʤ ʚ ʝʣʝʤʝʥʪʽ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ. ʇʨʦʮʝʩ ʟʘʢʽʥʯʫʻʪʴʩʷ ʥʘ k-ʤʫ ʝʪʘʧʽ, ʢʦʣʠ ʥʝʚôʷʟʢʘ x ʩʪʘʻ 

ʤʝʥʰʦʶ ʧʨʠʡʥʷʪʦʾ ʜʦʧʫʩʪʠʤʦʾ ʚʝʣʠʯʠʥʠ []x 
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()kG ; 
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TS  ï ʟʥʘʯʝʥʥʷ ʽʥʚʘʨʽʘʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʟ ʥʝʣʽʥʽʡʥʦʛʦ ʬʽʟʠʯʥʦʛʦ 
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ʈʝʢʫʨʝʥʪʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʦʧʠʩʫʶʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ k-ʛʦ ʝʪʘʧʫ, ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ 
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 ī ʢʦʨʝʛʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ;  
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k KGDD ,=  ī ʬʦʨʤʫʣʶʚʘʥʥʷ ʥʦʚʦʾ ʤʘʪʨʠʮʽ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; 
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[][ ][] [ ])()()( k
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è  ī ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʢʦʞʥʦʛʦ ʩʢʽʥʯʝʥʦʛʦ ʝʣʝʤʝʥʪʘ; 

()[ ] (){ }{}RK kk =d  ī ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ; 

(){ }[ ]{}RK kk 1-
=d  ī ʚʠʟʥʘʯʝʥʥʷ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʣʽʥʽʡʥʠʭ ʘʣʛʝʙʨʘʾʯʥʠʭ ʨʽʚʥʷʥʴ (ʨʦʟʚôʷʟʘʥʥʷ ʩʠʩʪʝʤʠ 

ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ ʤʝʪʦʜʫ ʧʝʨʝʤʽʱʝʥʴ); 

{ }[ ]{ } )()()()( kkkk B G­d=e  ī ʦʙʯʠʩʣʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ; 

{ }[ ][ ]{ } )()()()()()( , kkkkkk PSBD ­d=s  ī ʦʙʯʠʩʣʝʥʥʷ ʥʘʧʨʫʞʝʥʴ; 
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=  ī ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʽʥʚʘʨʽʘʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʝʨʭʥʽ ʜʝʬʦʨʤʫʚʘʥʥʷ; 
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 ī ʧʝʨʝʚʽʨʢʘ ʨʦʟʭʦʜʞʝʥʥʷ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʦʧʠʩʘʥʦʾ ʽʪʝʨʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ ʚʽʜ ʚʽʜʦʤʠʭ ʧʨʦʮʝʜʫʨ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦ "ʟʙʣʠʞʝʥʥʷ" ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ ʥʘʧʨʫʞʝʥʴ ï ʜʝʬʦʨʤʘʮʽʡ ( )G-S , ʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ( )PS ,,G . ʇʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʢʨʠʚʦʾ () ()( )kkS G-  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʜʦʩʷʛʥʫʪʦʛʦ ʩʪʠʩʢʫʶʯʦʛʦ 

ʥʘʧʨʫʞʝʥʥʷ ()kP . 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʦ ʽʪʝʨʘʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ ʨʦʟʚôʷʟʘʥʥʷ ʧʣʦʩʢʦʾ ʟʘʜʘʯʽ ʤʝʭʘʥʽʢʠ ʜʠʩʢʨʝʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʣʛʦʨʠʪʤʽʚ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʠʤ, ʱʦ "ʟʙʣʠʞʝʥʥʷ" ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ 

ʥʘʧʨʫʞʝʥʴ ï ʜʝʬʦʨʤʘʮʽʡ ( )G-S , ʘ ʚ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ( )PS ,,G . ʇʦʣʦʞʝʥʥʷ ʢʦʞʥʦʾ ʢʨʠʚʦʾ 

() ()( )kkS G-  ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʝʤ ʜʦʩʷʛʥʫʪʦʛʦ ʩʪʠʩʢʫʶʯʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ()kP . ʎʝ ʜʦʟʚʦʣʷʻ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ 

ʩʪʠʩʢʫʶʯʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ. 
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ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ ʆʉʅʆɺʅʀʍ 

ʂʆʄʇʆʅɽʅʊɯɺ ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʇʈʀʃɸɼʆɺʆɰ ʉʀʉʊɽʄʀ ʉʊɸɹɯʃɯɿɸʎɯɰ 
 
ˠ ̨̅́̎̊ ̨̒̓́̓̓ ̎́̅́̎̏ ̍̆̓̏̅̉̋̔ ̓́ ̝̑̆̈̔̌̓́̓̉ ̖̐̑̏̃̆̅̆̎̉ ̗̠̎́̔̋̏̃̍̉ ̋́̆̅̑̉̕ ̨̗̩́̃̓̏̍́̓̉̈́ ̓́ 

̒̉̒̓̆̍ ̨̎̆̑̔̊̎̃̎̏̄̏ ̟̋̏̎̓̑̏̌ ˗˜˴ ̨̍Ȣ ˴̠̄̏̑ ˞̨̝̋̏̑̒̋̏̄̏ ̓́ ˜ˍ˟ Ⱥ˚ˏ˛ Ⱥ˗̩̝̉̃̒̋̉̍ ̈́̃̏̅̏̍ ́̃̓̏̍́̓̉̋̉Ȼ 
̝̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̨̝̅̏̒̌̅̇̆̎ ̖̏̒̎̏̃̎̉ ̨̋̏̍̐̏̎̆̎̓̃ ̨̨̒̓́̂̌̈́̓̏̑́ ̤̠̏̈̂̑̏̎̎ ̩̌̆̄̋̏ ̝̩̂̑̏̎̏̃́̎̏ ̨̖̓̆̎̋̉Ȣ 
˙̟̆̓̏ ̝̖̆̋̒̐̆̑̉̍̆̎̓́̌̎̉ ̨̝̅̏̒̌̅̇̆̎ ̤ ̨̟̠̃̉̍̑̃́̎̎ ̎́ ̋̏̇̎̏̍̔ ̨̈ ̨̅̃̉̄̔̎̃ ̒̉̒̓̆̍̉ ̨̨̨̗̩̒̓́̂̌̈́ ˒ˑ˙φτ 
̨̩̆̌̆̋̓̑̏̍́̄̎̓̎̏ ̓́ ̨̖̘̩̆̌̆̋̓̑̏̍̆́̎̎̏ ̨̖̐̏̒̓̊̎̉ ̘́̒̔. ˏ̠̉̐̑̏̂̔̃́̎̎ ̨̅̃̉̄̔̎̃ ̈́ ̨̗̟̏̎̋̏ ̨̩̆̌̆̋̓̑̏̍́̄̎̓̎̏ 
̨̐̏̒̓̊̎̏ ̩̘́̒̔ ̝̐̑̏̃̏̅̉̌̉̒ ̔ ̨̒̋̌́̅  ̩́̃̓̏̍́̓̉̈̏̃́̎̏ ̩̐̑̉̌́̅̏̃̏ ̒̉̒̓̆̍̉ ̨̟̠̃̉̍̑̃́̎̎ ̨̖̘̖̍̆́̎̎̉ ̘̃̆̌̉̉̎ ̓́ 
̨̨̨̗̩̒̓́̂̌̈́ ̨ ̎́ ́̃̓̏̎̏̍̎̏̍̔ ̘̑̏̂̏̏̍̔ ̨̨̗̍̒ ̨̐̆̑̆̃̑̋̉ ̨̅̃̉̄̔̎̃Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̒̓́̂̌̈́̓̏̑ ̤̠̏̈̂̑̏̎̎ȟ ̌̆̄̋́ ̝̂̑̏̎̏̃́̎́ ̨̖̓̆̎̋́ȟ ̅̃̉̄̔̎ȟ ̒̉̒̓̆̍̉ ̨̨̨̗̩̒̓́̂̌̈́ 
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RESULTS OF EXPERIMENTAL RES EARCH OF THE MAIN COMPONENTS  

OF AUTOMATED  INSTRUMENT SYSTEM STABILIZATION  
 

This article presents the methodology and results of scientists conducted by the Department of Automation and Non-Destructive 
4ÅÓÔÉÎÇ 3ÙÓÔÅÍÓ ɉ!3.+Ɋ +0)Ȣ )ÇÏÒ 3ÉËÏÒÓËÙ ÁÎÄ 0*3# Ȱ20! Ȱ+ÙÉÖ !ÕÔÏÍÁÔÉÃ 0ÌÁÎÔȱɉ+:!Ɋ ÅØÐÅÒÉÍÅÎÔÁÌ ÓÔÕÄÉÅÓ ÏÆ ÔÈÅ ÍÁÉÎ ÃÏÍÐÏÎÅÎÔÓ ÏÆ ÔÈÅ 
stabilizer of light armored vehicles (LAV). The purpose of experimental research is to measure on each of the motors of the stabilization 
system (SS) EDM20M, EDM02, EDM20 elecÔÒÏÍÁÇÎÅÔÉÃ ɉʐEL. MAGN.) !ÎÄ ÅÌÅÃÔÒÏÍÅÃÈÁÎÉÃÁÌ ÔÉÍÅ ÃÏÎÓÔÁÎÔÓ ɉʐEL. MEX). Testing of engines 
ÁÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÁÓÓÅÓÓÍÅÎÔ ÏÆ ʐEL. MAGN. were carried out as part of an automated instrument system for measuring mechanical quantities 
and stabilization and in an autonomous workplace for testing engines. When testing as part of the SS in the winding of the braked EDM20M 
(EDM02, EDM20) voltages were supplied from the amplifier of the engine control unit (ECU) level 27V. The feed time was limited to 20ms due 
to the ÕÓÅ ÏÆ ÔÅÃÈÎÏÌÏÇÉÃÁÌ ÔÉÍÅ ÒÅÌÁÙ ɉ42Ɋ ÉÎ ÔÈÅ ÓÉÇÎÁÌ ÉÎÐÕÔ ÃÉÒÃÕÉÔ Ȱ3)'.Ȣ 07- ΅ÏÆ the amplifier of the engine control unit. Simultaneously 
with the supply of this voltage, oscillography was performed: the voltage applied to the motor windings (to use this parameter as a 
reference) and the output voltage of the current sensor (UCS) of the ECU amplifier, which informs about the current in the winding. The 
current values were recalculated only for the maximum UCS values. The UCS oscillogram (increasing exponent) determined the time constant 
of the exponent, which corresponds to the electromagnetic time constant of the motor (excluding errors introduced by the inductances of the 
ECU chokes and power supply). When tested according to the autonomous scheme, the estÉÍÁÔÅ ʐEL. MAGN. the engine was carried out 
according to the method, which is similar to the test method in the SS with the following differences: the voltage in the motor winding 
(hereinafter UPW) was applied at 2.4 V for ~ 25 ms; in the scheme of autonomous tests of engines the source of tension of a direct current B5-
φυȟ ÔÈÅ Ó×ÉÔÃÈ όχυυψτ! φϋ"ȟ ÔÅÃÈÎÏÌÏÇÉÃÁÌ 2Ȣ#ÈȢ ÔÏ ÍÅÁÓÕÒÅ ÔÈÅ %$- ÃÕÒÒÅÎÔ ÃÏÎÓÕÍÅÄȟ Á ϋω Í6 Ѐ ωτ! ÓÈÕÎÔ ×ÁÓ ÉÎÓÔÁÌÌÅÄ ÉÎ ÓÅÒies in the 
motor winding. According to the results of experiments, the following main technical characteristics are established. Electromagnetic time 
constants are: 0.7 ms - for EDM20M; 0.7 ms - for EDM02; 0.85 ms - for EDM20. Electromechanical time constants are: 20 ms - for EDM20M; 
24 ms - for EDM02; 26 ms - for EDM20. 

Keywords: arm stabilizer, light armored vehicles, engine, stabilization systems 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʄʝʪʘ ʩʪʘʪʪʽ ï ʨʦʟʨʦʙʢʘ ʪʘ ʥʘʜʘʥʥʷ ʦʧʠʩʫ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ (ʉʆ) ʣʝʛʢʦʾ ʙʨʦʥʴʦʚʘʥʦʾ ʪʝʭʥʽʢʠ (ʃɹʊ). 

ɿʘʜʘʯʘ ʩʪʘʪʪʽ ï ʜʦʩʪʫʧʥʠʤʠ ʟʘʩʦʙʘʤʠ ʪʘ ʤʝʪʦʜʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ, 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʽʜʪʚʝʨʜʠʪʠ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʧʨʠʡʥʷʪʠʭ ʩʭʝʤʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʥʷʭ. 

 

https://orcid.org/0000-0002-6951-1242
mailto:o.bezvesilna@gmail.com
https://orcid.org/0000-0002-6747-5698
mailto:s.tkachenko@kpi.ua
https://orcid.org/0000-0002-0056-6341
mailto:prilad@ukr.net
mailto:inv125@ukr.net


 ˟̨̖̘̆̎ ̨̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ4, 2022 (311) 47 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʋ ʚʽʜʦʤʽʡ ʣʽʪʝʨʘʪʫʨʽ [1-2 ʪʘ ʽʥ.] ʥʝʤʘʻ ʚʽʜʦʤʦʩʪʝʡ ʱʦʜʦ ʩʫʯʘʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʉʆ ʃɹʊ - ʜʚʠʛʫʥʽʚ. ʊʦʯʥʽʩʪʥʽ ʧʘʨʘʤʝʪʨʠ ʉʉ ʪʘ ʦʙʦʨʦʥʦʟʜʘʪʥʽʩʪʴ ʃɹʊ ʚʝʣʠʢʠʤ ʯʠʥʦʤ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʉʉ. ʊʦʤʫ ʤʝʪʘ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʦʶ. ʋ ʩʪʘʪʪʽ ʚʠʢʣʘʜʝʥʦ ʦʩʪʘʥʥʽ ʥʦʚʽ ʜʦʩʷʛʥʝʥʥʷ ʫ ʛʘʣʫʟʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʫʯʘʩʥʠʭ ʉʉ ʃɹʊ - ʜʚʠʛʫʥʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʉʉ ʃɹʊ - ʜʚʠʛʫʥʽʚ ʤʘʨʦʢ ɽɼʄ20ʄ, 

ɽɼʄ02, ɽɼʄ20, ʧʨʠʩʚʷʯʝʥʽ   ʚʠʟʥʘʯʝʥʥʶ ʾʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ. 

ʄʝʪʦʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʤʽʨʶʚʘʥʥʷ ʫ ʢʦʞʥʦʛʦ ʽʟ ʜʚʠʛʫʥʽʚ ɽɼʄ20ʄ, ɽɼʄ02, 

ɽɼʄ20 ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ (Űɽʃ. ʄɸɻʅ.) ʪʘ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʧʦʩʪʽʡʥʠʭ ʯʘʩʫ ( Ű ɽʃ. ʄɽʍ) [3-13]. 

ʆʙʩʷʛ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʽʚ ʟʘ ʦʮʽʥʢʦʶ Ű ɽʃ. ʄɸɻʅ. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʟʘ ʦʮʽʥʢʦʶ Ű ɽʃ. ʄɸɻʅ. ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʩʢʣʘʜʽ  ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʨʠʣʘʜʦʚʦʾ 

ʩʠʩʪʝʤʠ ʚʠʤʽʨʶʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ ʥʘ ʘʚʪʦʥʦʤʥʦʤʫ ʨʦʙʦʯʦʤʫ ʤʽʩʮʽ ʧʝʨʝʚʽʨʢʠ 

ʜʚʠʛʫʥʽʚ. 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫ ʩʢʣʘʜʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʚ ʦʙʤʦʪʢʫ ʟʘʛʘʣʴʤʦʚʘʥʦʛʦ ɽɼʄ20ʄ (ɽɼʄ02, ɽɼʄ20) 

ʧʦʜʘʚʘʣʠʩʴ ʥʘʧʨʫʛʠ ʚʽʜ ʧʽʜʩʠʣʶʚʘʯʘ ɹʂɼ  ʨʽʚʥʝʤ  27 ɺ. ʏʘʩ ʧʦʜʘʯʽ ʦʙʤʝʞʫʚʘʚʩʷ ʜʦ 20 ʤʩ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʣʝ ʯʘʩʫ (ʈ. ʏ.) ʫ ʚʭʽʜʥʦʤʫ ʣʘʥʮʶʟʽ ʩʠʛʥʘʣʫ çʉʀɻʅ. ʐɯʄè ʧʽʜʩʠʣʶʚʘʯʘ 

ɹʂɼ. ʆʜʥʦʯʘʩʥʦ ʟ ʧʦʜʘʯʝʶ ʟʘʟʥʘʯʝʥʦʾ ʥʘʧʨʫʛʠ ʧʨʦʚʦʜʠʣʦʩʷ ʦʩʮʠʣʦʛʨʘʬʫʚʘʥʥʷ.  

ʅʘ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʘ ʧʦʜʘʚʘʣʘʩʴ  ʥʘʧʨʫʛʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʫ ʥʘʜʘʣʽ, ʷʢ ʜʦʚʽʜʢʦʚʦʛʦ. 

ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʜʘʪʯʠʢʘ ʩʪʨʫʤʫ (Uɼʉ) ʧʽʜʩʠʣʶʚʘʯʘ ɹʂɼ ʜʚʠʛʫʥʘ ʽʥʬʦʨʤʫʻ ʧʨʦ ʩʪʨʫʤ ʚ ʦʙʤʦʪʮʽ. 

ʇʝʨʝʨʘʭʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ʧʨʦʚʦʜʠʣʦʩʴ ʪʽʣʴʢʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ Uɼʉ. 

ʇʦ ʦʩʮʠʣʦʛʨʘʤʽ Uɼʉ (ʟʨʦʩʪʘʶʯʘ ʝʢʩʧʦʥʝʥʪʘ) ʚʠʟʥʘʯʘʣʘʩʴ ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʝʢʩʧʦʥʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʧʦʩʪʽʡʥʠʡ ʯʘʩʫ ʜʚʠʛʫʥʘ (ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʧʦʭʠʙʦʢ, ʱʦ ʚʥʝʩʝʥʽ ʽʥʜʫʢʪʠʚʥʦʩʪʷʤʠ ʜʨʦʩʝʣʽʚ 

ɹʂɼ ʪʘ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ). 

ʇʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʟʘ ʘʚʪʦʥʦʤʥʦʶ ʩʭʝʤʦʶ ʦʮʽʥʢʘ Ű ɽʃ. ʄɸɻʅ. ʜʚʠʛʫʥʘ ʧʨʦʚʦʜʠʣʘʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʷʢʘ 

ʘʥʘʣʦʛʽʯʥʘ ʚʠʧʨʦʙʫʚʘʥʥʷʤ ʫ ʩʢʣʘʜʽ ʉʉ ʧʨʠ ʥʘʩʪʫʧʥʠʭ ʚʽʜʤʽʥʥʦʩʪʷʭ: 

- ʥʘʧʨʫʛʘ ʚ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ (ʜʘʣʽ U ɾʀɺ.ʆɹʄ.) ʧʦʜʘʚʘʣʘʩʷ ʨʽʚʥʝʤ 2,4 ɺ ʥʘ ʯʘʩ ~ 25 ʤʩ.; 

 

 
ʈʠʩ. 1. ʅʘʧʨʫʛʘ Uɼʉ  ɽɼʄ20ʄ ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ. ʆɹʄ. = 27ɺ 

 
ʈʠʩ. 2. ʅʘʧʨʫʛʘ Uɼʉ ɽɼʄ02 ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ. ʆɹʄ. = 27ɺ 

 

 
ʈʠʩ. 3.  ʅʘʧʨʫʛʘ Uɼʉ  ɽɼʄ20 ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ. ʆɹʄ. = 27ɺ 

 
ʈʠʩ. 4. ʅʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʮʽ ʜʚʠʛʫʥʘ ɽɼʄ20ʄ ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ. 

ʆɹʄ. = 27ɺ 
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- ʫ ʩʭʝʤʽ ʘʚʪʦʥʦʤʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʚʠʛʫʥʽʚ ʚʠʢʦʨʠʩʪʘʥʽ ʜʞʝʨʝʣʦ ʥʘʧʨʫʛʠ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ɹ5-21, 

ʢʦʤʫʪʘʪʦʨ 831140ɸ 27ɺ, ʪʝʭʥʦʣʦʛʽʯʥʝ ʈ.ʏ.; 

- ʜʣʷ ʚʠʤʽʨʫ ʩʧʦʞʠʚʘʥʦʛʦ ɽɼʄ ʩʪʨʫʤʫ ʧʦʩʣʽʜʦʚʥʦ ʚ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ ʙʫʚ ʫʩʪʘʥʦʚʣʝʥʠʡ ʰʫʥʪ ç75 ʤɺ 

Ĭ 50ɸè. 

ʆʙʩ̫ʛ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʽʚ ʟʘ ʦʮʽʥʢʦʶ Ű ɽʃ. ʄɽʍ.  

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʩʢʣʘʜʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʜʚʠʛʫʥʘʤʠ, ʷʢʽ ʙʫʣʦ ʚʢʣʶʯʝʥʦ ʚ ʨʝʞʠʤ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 

ɼʣʷ ʚʠʤʽʨʫ Ű ɽʃ.. ʄɽʍ ʚ ʦʙʤʦʪʢʫ ɽɼʄ ʧʦʜʘʚʘʣʘʩʴ ʥʘʧʨʫʛʘ  ʚʽʜ  ɹʂɼ  27 ɺ ʪʨʠʚʘʣʽʩʪʶ å 60 ʤʩ ʟ 

ʦʜʥʦʯʘʩʥʠʤ ʦʩʮʠʣʦʛʨʘʬʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ Uʜʩ, ʘ ʪʘʢʦʞ - ʥʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʢʫ ʜʚʠʛʫʥʘ, ʷʢ ʜʦʚʽʜʢʦʚʘ. 

ʇʦ ʦʩʮʠʣʦʛʨʘʤʽ Uɼʉ (ʩʧʘʜʘʶʯʘ ʝʢʩʧʦʥʝʥʪʘ) ʚʠʟʥʘʯʘʣʘʩʷ ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʝʢʩʧʦʥʝʥʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽʡ ʧʦʩʪʽʡʥʽʡ ʯʘʩʫ ʜʚʠʛʫʥʘ Ű ɽʃ. ʄɽʍ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʽʚ ʟʘ ʦʮʽʥʢʦʶ Ű ɽʃ. ʄɸɻʅ. 

ʅʘ ʨʠʩ. 1-4 ʥʘʚʝʜʝʥʦ ʦʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ Uɼʉ (ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʚʠʤʽʨʶʚʘʥʦʛʦ ʟʥʘʯʝʥʥʷ Ű ɽʃ.  ʄɸɻʅ.) ʜʣʷ 

ʜʚʠʛʫʥʽʚ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʫ ʩʢʣʘʜʽ ʉʉ (ʜʣʷ ʧʦʜʘʥʦʾ ʚ ʦʙʤʦʪʢʠ ʜʚʠʛʫʥʽʚ ʥʘʧʨʫʛʠ Uɾʀɺ.ʆɹʄ , ʱʦ ʨʽʚʥʘ 27ɺ). 

ʅʘ ʨʠʩ. 4 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʫ ʦʩʮʠʣʦʛʨʘʤʫ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʕɼʄ20ʄ ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ. = 27ɺ 

(ʘʥʘʣʦʛʽʯʥʦ ʜʣʷ ʕɼʄ02, ʕɼʄ20 ʧʨʠ ʥʝʟʥʘʯʥʠʭ ʚʽʜʤʽʥʥʦʩʪʷʭ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʥʘʧʨʫʛʠ ʥʘ 

8ɺ ʧʨʦʪʷʛʦʤ 3,5 ʤʩ  ʟ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ ʯʝʨʝʟ ʦʩʽʜʘʥʥʷ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ =27 ɺ ʪʘ ʩʧʘʜ ʥʘʧʨʫʛʠ ʧʨʠ 

ʤʦʥʪʘʞʽ ʪʘ ʥʘ ʝʣʝʢʪʨʦ-ʨʘʜʽʦ ʚʠʨʦʙʘʭ  ʧʽʜʩʠʣʶʚʘʯʘ ɹʂɼ. 

ʅʘ ʨʠʩ.5 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʫ ʦʩʮʠʣʦʛʨʘʤʫ ʥʘʧʨʫʛʠ ʥʘ ʰʫʥʪʽ ç75 ʤɺ ʭ 50ɸè ʧʨʠ ʧʦʜʘʯʽ ʚ ʦʙʤʦʪʢʠ 

ʜʚʠʛʫʥʽʚ ʥʘʧʨʫʛ Uɾʀɺ.ʆɹʄ. = 2,4 ɺ (ʘʚʪʦʥʦʤʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ɽɼʄ). 

ʅʘ ʨʠʩ.6 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʫ ʦʩʮʠʣʦʛʨʘʤʫ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʜʚʠʛʫʥʘ, ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ. = 2,4 ɺ 

(ʽʜʝʥʪʠʯʥʦ ʜʣʷ ɽɼʄ20ʄ, ɽɼʄ02, ɽɼʄ20). ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʥʘ 0,2ɺ 

ʧʨʦʪʷʛʦʤ 1 ʤʩ ʽʟ ʤʦʤʝʥʪʫ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ  ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʡʦʛʦ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʜʚʠʛʫʥʽʚ ʟʘ ʦʮʽʥʢʦʶ Ű ɽʃ. ʄɽʍ. 

ʅʘ ʨʠʩ. 9-11 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʽ ʦʩʮʠʣʦʛʨʘʤʠ ʥʘʧʨʫʛʠ Uɼʉ ʧʨʠ ʨʦʟʛʦʥʽ ʫ ʨʝʞʠʤʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

ɽɼʄ ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ. = 27ɺ (ʟ ʚʢʘʟʽʚʢʦʶ ʚʠʤʽʨʶʚʘʥʠʭ ʟʥʘʯʝʥʴ Űɽʃ.ʄɽʍ.). 

ʅʘ ʨʠʩ. 12 ʥʘʚʝʜʝʥʦ ʦʪʨʠʤʘʥʫ ʦʩʮʠʣʦʛʨʘʤʫ ʥʘʧʨʫʛʠ ʥʘ ʦʙʤʦʪʮʽ ʜʚʠʛʫʥʘ (ʽʜʝʥʪʠʯʥʘ ʜʣʷ ɽɼʄ20ʄ, 

ɽɼʄ02, ɽɼʄ20) ʧʨʠ ʨʦʟʛʦʥʽ ɽɼʄ ʫ ʤʦʤʝʥʪ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ. = 27ɺ.  

 

 
ʈʠʩ. 5. ʅʘʧʨʫʛʘ ʥʘ ʰʫʥʪʽ 75ʤɺ 50ɸ ʥʘ ɽɼʄ20ʄ ʧʨʠ ʧʦʜʘʯʽ 

Uɾʀɺ..ʆɹʄ.=2,4ɺ 

 

 
ʈʠʩ. 6. ʅʘʧʨʫʛʘ ʥʘ ʰʫʥʪʽ 75ʤɺ 50ɸ ʥʘ ɽɼʄ02 ʧʨʠ ʧʦʜʘʯʽ 

Uɾʀɺ..ʆɹʄ.=2,4ɺ 

 

 
ʈʠʩ. 7. ʅʘʧʨʫʛʘ ʥʘ ʰʫʥʪʽ 75ʤɺ 50ɸ ʧʨʠ ʧʦʜʘʯʽ Uɾʀɺ.ʆɹʄ.=2,4ɺ 

 
ʈʠʩ. 8. ʅʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʮʽ ʜʚʠʛʫʥʽʚ ʥʘ ɽɼʄ20 ʧʨʠ ʧʦʜʘʯʽ 

Uɾʀɺ.ʆɹʄ.=2,4ɺ 
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ʈʠʩ. 9. ʅʘʧʨʫʛʘ Uɼʉ ʧʨʠ ʨʦʟʛʦʥʽ ɽɼʄ20ʄ ʈʠʩ. 10. ʅʘʧʨʫʛʘ Uɼʉ ʧʨʠ ʨʦʟʛʦʥʽ ɽɼʄ02 

 

 
ʈʠʩ. 11. ʅʘʧʨʫʛʘ Uɼʉ ʧʨʠ ʨʦʟʛʦʥʽ ɽɼʄ20 

 
ʈʠʩ. 12. ʅʘʧʨʫʛʘ ʥʘ ʦʙʤʦʪʢʘʭ ʜʚʠʛʫʥʽʚ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʦʩʥʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʉʉ - ʜʚʠʛʫʥʽʚ  

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʚʠʛʫʥʽʚ ʉʉ: 

1. ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʧʦʩʪʽʡʥʽ ʯʘʩʫ ʩʪʘʥʦʚʣʷʪʴ: 

0,7 ʤʩ - ʜʣʷ ɽɼʄ20ʄ,        

0,7 ʤʩ - ʜʣʷ ɽɼʄ02,     

0,85 ʤʩ - ʜʣʷ ɽɼʄ20; 

2. ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʧʦʩʪʽʡʥʽ  ʯʘʩʫ ʩʪʘʥʦʚʣʷʪʴ: 

20 ʤʩ - ʜʣʷ ɽɼʄ20ʄ,         

24 ʤʩ - ʜʣʷ ɽɼʄ02,       

26 ʤʩ - ʜʣʷ ɽɼʄ20. 
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A NEW APPROACH TO CREATING A HIGHLY STABLE RANGE MICROWAVE GENERATOR  
 

A range microwave generator is considered. A frequency multiplier is installed in the PLL loop of the generator. There is no 
frequency divider in the generator. It has increased stability due to low output phase noise. The proposed device can be used in 
telecommunications and radio equipment. The microwave generator consists of an autogenerator, three multipliers, a bandpass filter, two 
low-pass filters, a reference frequency unit, a harmonic generator, and a control unit. Auxiliary units of the generator are two adders, a key 
and two controllers. The first multiplier together with the bandpass filter works as a stroboscopic transducer, the second - as a quadrator, 
the third with a low-pass filter - as a phase detector. The inputs of the stroboscopic converter receive two voltages from the harmonic 
generator. The frequencies of the first voltage harmonics are close. Voltages have the form of short pulses and are enriched with harmonics. 
After the signal at the output of the first low-pass filter, the first controller opens the key, switches the reference frequency node and through 
the second controller closes the PLL loop. The control unit sets the reference frequencies and changes the frequency of the autogenerator. The 
main nodes of the PLL loop are the third multiplier with the second low-pass filter. Auto-tuning of the generator begins with the appearance 
of the control signal from the quadrator. The signal appears after the strobe conversion frequency at the output of the bandpass filter 
coincides with the center frequency. The frequency instability of the range generator decreases. It is approaching the instability of the 
reference frequency. The stability of the reference frequencies determines the relative frequency error of the range of the microwave 
generator. The maximum frequency depends on the parameters and dynamic properties of the autogenerator, stroboscopic transducer and 
harmonic generator. A high-quality harmonic generator will provide a low level of phase noise. The structural scheme of the microwave 
generator is offered and its work is explained. The analysis of the mathematical model of the microwave generator is performed. The 
formulas of interrelation of voltages of knots with initial oscillation of the generator are received. Computer simulations have confirmed that 
the output frequency can be stabilized in the generator. 

Keywords: band generator, microwave generator, frequency instability, phase noise, harmonic generator, frequency multiplier, 
multiplier, filter, PLL, reference frequency. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤʘʭ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʅɺʏ ʛʝʥʝʨʘʪʦʨʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʚʠʩʦʢʘ ʯʘʩʪʦʪʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ ʯʠʩʪʦʪʘ ʩʧʝʢʪʨʫ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʨʽʚʥʝʤ ʬʘʟʦʚʦʛʦ ʰʫʤʫ. ʇʦʰʠʨʝʥʠʤ ʩʧʦʩʦʙʦʤ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʯʘʩʪʦʪʥʦʛʦ ʩʠʥʪʝʟʫ ʥʝʧʨʷʤʦʾ ʜʽʾ ʥʘ ʦʩʥʦʚʽ ʬʘʟʦʚʦʛʦ ʘʚʪʦʧʽʜʩʪʨʦʶʚʘʥʥʷ ʯʘʩʪʦʪʠ (ʌɸʇʏ) ʫ ʢʦʤʙʽʥʘʮʽʾ ʟ 

ʛʝʥʝʨʘʮʽʻʶ ʅɺʏ ʢʦʣʠʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ɿɯɻ-ʨʝʟʦʥʘʪʦʨʘ, LC-ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʽʥʰʠʭ ʨʝʟʦʥʘʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ 

ʩʤʫʛʦʚʠʡ, ʦʙ'ʻʤʥʠʡ, ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʪʘ ʽʥʰʽ. 

ɺ ʢʣʘʩʠʯʥʦʤʫ ʚʘʨʽʘʥʪʽ ʚ ʧʝʪʣʽ ʌɸʇʏ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʽʣʝʥʥʷ ʯʘʩʪʦʪʠ ʟ ʚʝʣʠʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʯʘʩʪʦʪʥʦʾ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ [1,2]. ʗʢ ʚʠʭʽʜ ʽʟ ʩʠʪʫʘʮʽʾ ʟʘʤʽʩʪʴ ʜʽʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʦʧʝʨʘʮʽʶ ʧʝʨʝʥʝʩʝʥʥʷ ʥʘ 

ʥʠʟʴʢʫ ʯʘʩʪʦʪʫ ʧʦʨʽʚʥʷʥʥʷ ʚ ʧʝʪʣʽ ʌɸʇʏ. ɼʣʷ ʮʴʦʛʦ ʚ ʛʝʥʝʨʘʪʦʨʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʦʜʠʥ ʘʙʦ ʙʽʣʴʰʝ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʯʘʩʪʦʪʠ. ʏʠʤ ʚʠʱʝ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʮʽʾ, ʪʠʤ ʩʢʣʘʜʥʽʰʝ ʬʦʨʤʫʚʘʪʠ ʦʧʦʨʥʽ ʢʦʣʠʚʘʥʥʷ ʜʣʷ ʪʘʢʠʭ 

ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ. ʈʦʟʨʦʙʥʠʢʠ ʰʫʢʘʶʪʴ ʽʥʰʽ ʰʣʷʭʠ ʩʪʚʦʨʝʥʥʷ ʷʢʽʩʥʠʭ ʅɺʏ ʛʝʥʝʨʘʪʦʨʽʚ. ʆʜʠʥ ʟ ʥʠʭ 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫ ʯʘʩʪʦʪʥʦʤʫ ʩʠʥʪʝʟʽ ʥʝʧʨʷʤʦʾ ʜʽʾ ʟ ʌɸʇʏ ʚ ʦʧʪʠʤʘʣʴʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʨʘʟʦʤ ʽʟ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʧʝʨʘʮʽʾ ʤʥʦʞʝʥʥʷ ʯʘʩʪʦʪʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʛʝʥʝʨʘʪʦʨʽʚ, ʫ ʧʝʪʣʽ ʌɸʇʏ ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ ʜʽʣʴʥʠʢ ʯʘʩʪʦʪʠ, ʚʠʜʽʣʠʤʦ ʜʚʘ. 

ʇʝʨʰʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʽʨʤʦʶ Analog Devices (ʨʠʩ. 1) [1]. ɸʚʪʦʛʝʥʝʨʘʪʦʨ (ɸɻ) ʢʝʨʫʻʪʴʩʷ ʯʝʨʝʟ 

ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌʅʏ) ʥʘʧʨʫʛʦʶ ʟ ʚʠʭʦʜʫ ʬʘʟʦ-ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʌʏɼ), ʚ ʷʢʦʤʫ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ 
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ʪʦʯʥʽʩʪʶ ʜʦ ʬʘʟʠ ʯʘʩʪʦʪʘ ʚʽʜ ʚʫʟʣʘ ʦʧʦʨʥʦʾ ʯʘʩʪʦʪʠ (ʆʏ) ʽ ʧʨʦʤʽʞʥʘ ʯʘʩʪʦʪʘ ʟ ʚʠʭʦʜʫ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ 

ʧʝʨʝʤʥʦʞʫʚʘʯʽ ʩʠʛʥʘʣʽʚ (ʇʉ) ʽ ʩʤʫʛʦʚʦʤʫ ʬʽʣʴʪʨʽ (ʉʌ). 

ʅʘ ʦʧʦʨʥʠʡ ʚʭʽʜ ʧʝʨʝʤʥʦʞʫʚʘʯʘ (ʇʉ) ʧʦʜʘʻʪʴʩʷ ʩʠʛʥʘʣ ʚʽʜ ʚʫʟʣʘ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʫ 

(DDS), ʨʦʙʦʪʫ ʷʢʦʛʦ ʟʘʜʘʻ ʚʫʟʦʣ ʪʘʢʪʦʚʦʾ ʯʘʩʪʦʪʠ (ʊʏ). ɻʝʥʝʨʘʪʦʨ ʤʘʻ ʚʠʩʦʢʫ ʯʘʩʪʦʪʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʘʣʝ ʦʙʤʝʞʝʥʠʡ ʟʚʝʨʭʫ ʧʦʪʝʥʮʽʡʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʚʫʟʣʘ DDS ʯʘʩʪʦʪʥʠʡ 

ʜʽʘʧʘʟʦʥ (ʜʦ 4 ɻɻʮ). 

 

ɸɻ

ʇʉ

ʆʏ

ʉʌ

ʌʏɼ ʌʅʏ

DDSʊʏ

ɺʀʍ

 
ʈʠʩ. 1.  ɻʝʥʝʨʘʪʦʨ ʬʽʨʤʠ Analog Devices 

 

ʄʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ ʉʂ4 ï ɹɽʃɸʅ 

ʥʘʙʘʛʘʪʦ ʚʠʱʘ (ʨʠʩ. 2) [2]. ʎʝ ʜʦʩʷʛʥʫʪʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ (ɻɻ) ʷʢ ʜʞʝʨʝʣʘ ʦʜʥʦʛʦ 

ʟ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʥʘ ʧʝʨʝʤʥʦʞʫʚʘʯʽ ʇʉ ʪʘ ʬʽʣʴʪʨʽ ʉʌ. ɻʝʥʝʨʘʪʦʨ ɻɻ ʥʘ ʜʽʦʜʘʭ ʟ 

ʥʘʢʦʧʠʯʝʥʥʷʤ ʟʘʨʷʜʫ ʫʧʨʘʚʣʷʻʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤ 

ʩʠʥʪʝʟʘʪʦʨʦʤ ʯʘʩʪʦʪʠ (ʉʏ). 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 1) ʯʘʩʪʦʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʧʝʪʣʽ ʌɸʇʏ ʟʤʽʥʥʘ, ʘ ʚ ʩʭʝʤʽ ʧʨʠʩʫʪʥʽ 

ʜʚʘ ʜʞʝʨʝʣʘ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ï ʚʫʟʣʠ ʉʏ ʽ DDS. ɺ 

ʨʝʟʫʣʴʪʘʪʽ, ʯʘʩʪʦʪʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦʛʽʨʰʫʻʪʴʩʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʪʘ ʧʦʷʩʥʝʥʥʷ ʨʦʙʦʪʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʜʽʘʧʘʟʦʥʥʠʡ ʅɺʏ ʛʝʥʝʨʘʪʦʨ (ʨʠʩ. 3) 

ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ [3]  ʽ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʅʘ ʚʭʽʜ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ (ɹʋ) ʥʘʜʭʦʜʠʪʴ 

ʮʠʬʨʦʚʠʡ ʢʦʜ ʧʨʦ ʯʘʩʪʦʪʫ f ,  ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ. ʇʦ ʧʝʨʰʦʤʫ ʚʠʭʦʜʫ ʙʣʦʢʫ 

ɹʋ ʟʘʧʫʩʢʘʻʪʴʩʷ ʜʨʫʛʠʡ ʢʝʨʫʚʘʯ (ʂ2). ɺʽʥ ʧʦʯʠʥʘʻ ʣʽʥʽʡʥʦ ʚ ʯʘʩʽ ʟʤʽʥʶʚʘʪʠ ʯʘʩʪʦʪʫ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ (ɸɻ). ʇʦ 

ʜʨʫʛʦʤʫ ʚʠʭʦʜʫ ʙʣʦʢʫ ɹʋ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ ʚʠʭʦʜʽ ʚʫʟʣʘ ʦʧʦʨʥʠʭ ʯʘʩʪʦʪ (ʆʏ) ʜʚʘ ʩʪʘʙʽʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷ ʽʟ 

ʙʣʠʟʴʢʠʤʠ ʯʘʩʪʦʪʘʤʠ 
1f  ʽ 

2f , ʧʨʠʯʦʤʫ 2 1f f> . ʏʘʩʪʦʪʠ ʟʥʘʭʦʜʷʪʴʩʷ ʟ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ 

1 2

0 2 1

( ) / 2,

( ) / 2,

f N f f

f N f f

= +ë
ì
= -í      (1) 

ʜʝ  N  ï ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʤʥʦʞʝʥʥʷ ʯʘʩʪʦʪʠ (ʮʽʣʝ ʯʠʩʣʦ ʚ ʤʝʞʘʭ 4,é,25 ʘʙʦ ʙʽʣʴʰʝ), 
0f  ï ʧʦʩʪʽʡʥʘ 

ʮʝʥʪʨʘʣʴʥʘ ʯʘʩʪʦʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚ ʧʝʪʣʽ ʌɸʇʏ, ʧʨʠʯʦʤʫ  
0f f<< .  

ʈʦʟʚôʷʟʦʢ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʜʘʻ ʥʘʩʪʫʧʥʝ: 

1 0 2 0( ) / , ( ) / .f f f N f f f N= - = +
     (2) 

ɻʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ (ɻɻ) ʬʦʨʤʫʻ ʥʘ ʚʠʭʦʜʘʭ ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ ʟ ʯʘʩʪʦʪʘʤʠ ʧʦʚʪʦʨʝʥʥʷ 
1f  ʽ 

2f , 

ʚʽʜʧʦʚʽʜʥʦ. ɸʤʧʣʽʪʫʜʥʠʡ ʩʧʝʢʪʨ ʮʠʭ ʽʤʧʫʣʴʩʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʥʦʤʝʨʦʤ ʛʘʨʤʦʥʽʢʠ N  

ʨʽʚʥʦʤʽʨʥʠʡ ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʛʝʥʝʨʘʪʦʨʘ. ʅʘ ʚʠʭʦʜʽ ʧʝʨʰʦʛʦ ʩʫʤʘʪʦʨʘ (ʉ1) ʫʪʚʦʨʶʻʪʴʩʷ ʦʙ'ʻʜʥʘʥʘ 

ʽʤʧʫʣʴʩʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. 

ʇʝʨʰʠʡ ʘʥʘʣʦʛʦʚʠʡ ʧʝʨʝʤʥʦʞʫʚʘʯ (ɸʇ1) ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ, ʜʨʫʛʠʡ 

ɸʇ2 ï ʚ ʨʝʞʠʤʽ ʢʚʘʜʨʘʪʦʨʘ, ʘ ʪʨʝʪʽʡ ɸʇ3 ï ʷʢ ʬʘʟʦʚʠʡ ʜʝʪʝʢʪʦʨ. 

ʅʘ ʜʽʘʛʨʘʤʽ (ʨʠʩ. 4) ʧʦʢʘʟʘʥʦ, ʯʦʤʫ ʜʦʨʽʚʥʶʻ ʯʘʩʪʦʪʘ (ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 
02 f ) ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʤʥʦʞʫʚʘʯʘ ɸʇ1, ʷʢʱʦ ʯʘʩʪʦʪʘ ʜʽʘʧʘʟʦʥʥʦʛʦ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 
03 f°  ʚʽʜʥʦʩʥʦ 

ʯʘʩʪʦʪʠ f . ʇʝʨʝʙʫʜʦʚʘ ʛʝʥʝʨʘʪʦʨʘ ɸɻ ʟʘʢʽʥʯʫʻʪʴʩʷ ʚ ʤʦʤʝʥʪ, ʢʦʣʠ ʟ ʚʠʭʦʜʫ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ (ʉʌ) ʟʽ 

ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 
0 /f N  ʥʘ ʟʘʤʢʥʫʪʽ ʚʭʦʜʠ ʧʝʨʝʤʥʦʞʫʚʘʯʘ ɸʇ2 ʥʘʜʭʦʜʠʪʴ ʩʫʤʘ ʜʚʦʭ ʢʦʣʠʚʘʥʴ ʟ 

ʯʘʩʪʦʪʦʶ 
0f  (ʨʠʩ. 4, ʪʦʯʢʘ ɸ).  

ʇʽʩʣʷ ʧʦʷʚʠ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʥʘʧʨʫʛʠ ʟ ʧʦʩʪʽʡʥʦʶ ʩʢʣʘʜʦʚʦʾ ʥʘ ʚʠʭʦʜʽ ʧʝʨʰʦʛʦ ʬʽʣʴʪʨʘ ʥʠʞʥʽʭ 

ʯʘʩʪʦʪ (ʌ1) ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 
0 / 2f N  ʢʝʨʫʚʘʯ ʂ1 ʟʥʽʤʘʻ ʟ ʚʠʭʦʜʫ ʚʫʟʣʘ ʆʏ ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ 

2f  ʽ 

ʚʽʜʢʨʠʚʘʻ ʢʣʶʯ (ʂʃ). ʂʨʽʤ ʪʦʛʦ, ʢʝʨʫʚʘʯ ʂ2 ʟʫʧʠʥʷʻ ʧʝʨʝʙʫʜʦʚʫ ʛʝʥʝʨʘʪʦʨʘ ɸɻ. 

ɸɻ ʇʉ ɻɻ ʉʏ

ʉʌ

ʌʏɼ

ʌʅʏ

DDS ʊʏ

ɺʀʍ

 
ʈʠʩ. 2. ʅɺʏ ʛʝʥʝʨʘʪʦʨ ʘʥʘʣʽʟʘʪʦʨʘ ʩʧʝʢʪʨʫ 
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ɸɻ

ɸʇ1ʉʌ

ʂʃ

ɸʇ3

ʌ1

ɸʇ2

ʌ2

ʉ1

ʆʏ

ʂ1

ʂ2ʉ2

ɻɻ

ɹʋ

ɺʠʭ̔ʜ

ɺʭ̔ʜ

f

f2f1

f0

f0

 
ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʜʽʘʧʘʟʦʥʥʦʛʦ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ 

 

ɿʘʤʠʢʘʻʪʴʩʷ ʧʝʪʣʷ ʌɸʇʏ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʧʝʨʝʤʥʦʞʫʚʘʯʝʤ ɸʇ1, ʬʽʣʴʪʨʦʤ ʉʌ, ʧʝʨʝʤʥʦʞʫʚʘʯʝʤ ɸʇ3 ʪʘ 

ʜʨʫʛʠʤ ʬʽʣʴʪʨʦʤ ʥʠʞʥʽʭ ʯʘʩʪʦʪ (ʌ2) ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʰʦʶ 
0 / 2f N. ʅʘ ʚʠʭʦʜʽ ʜʨʫʛʦʛʦ 

ʩʫʤʘʪʦʨʘ (ʉ2) ʜʦ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜ ʢʝʨʫʚʘʯʘ ʂ2 ʜʦʜʘʻʪʴʩʷ ʥʘʧʨʫʛʘ ʧʦʤʠʣʢʠ ʬʘʟʦʚʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜ ʬʽʣʴʪʨʘ ʌ2. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʥʘ ʚʠʭʦʜʽ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʬʦʨʤʫʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ʟ 

ʯʘʩʪʦʪʦʶ f . ʁʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʪʦʪʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʢʦʣʠʚʘʥʥʷ 1f  ʚʽʜ ʚʫʟʣʘ ʆʏ. 

 

f

f0

Nf2Nf1

2f0

A

 
ʈʠʩ. 4. ɿʤʽʥʘ ʯʘʩʪʦʪʠ 

 

ɿʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ʫ [3] ʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʟʚôʷʟʢʽʚ ʜʽʘʧʘʟʦʥʥʠʡ ʅɺʏ ʛʝʥʝʨʘʪʦʨ ʙʝʟ ʜʽʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 

ʤʘʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʬʘʟʦʚʦʛʦ ʰʫʤʫ. ʎʝ ʨʦʙʠʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʩʪʨʦʶ ʫ ʩʢʣʘʜʽ  ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʪʘ 

ʨʘʜʽʦʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʬʝʢʪʠʚʥʽʰʠʤ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʝʥʝʨʘʪʦʨʘ (ʨʠʩ. 2)  ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʨʠʩʪʨʦʾ ʯʘʩʪʦʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʝʪʣʽ ʌɸʇʏ 

ʧʦʩʪʽʡʥʘ, ʘ ʟ ʜʚʦʭ ʟʛʘʜʘʥʠʭ ʚʽʜʯʫʪʥʠʭ ʜʞʝʨʝʣ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʟʘʣʠʰʘʻʪʴʩʷ ʦʜʥʝ ï ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ.  

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ. ʄʦʜʝʣʴ (ʨʠʩ. 5) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʧʝʨʝʤʥʦʞʫʚʘʯʽʚ (ʄ1-ʄ3) ʟ ʢʦʝʬʽʮʽʻʥʪʘʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ 
1 2 3, , ,m m m  ʚʽʜʧʦʚʽʜʥʦ,  ʪʘ ʪʨʴʦʭ ʬʽʣʴʪʨʽʚ ʟ ʽʜʝʘʣʽʟʦʚʘʥʠʤʠ ʧʨʷʤʦʢʫʪʥʠʤʠ ʘʤʧʣʽʪʫʜʥʦ-

ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʩʤʫʛʦʚʦʛʦ F1 ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ 
1,fk  ʮʝʥʪʨʘʣʴʥʦʶ ʯʘʩʪʦʪʦʶ 

0f  ʪʘ 

ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 
0 /f N; ʥʠʞʥʽʭ ʯʘʩʪʦʪ F2 ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ 2fk  ʪʘ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 

0 / 2f N; ʥʠʞʥʽʭ ʯʘʩʪʦʪ F3 ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ 3fk ʪʘ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ PLLfD . ʂʨʽʤ ʪʦʛʦ, ʜʦ 

ʤʦʜʝʣʽ ʚʭʦʜʠʪʴ ʩʫʤʘʪʦʨ S ʟ ʦʜʠʥʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʧʝʨʝʜʘʯʽ, ʷʢʠʡ ʧʦʻʜʥʫʻ ʜʚʽ ʚʭʽʜʥʠʭ ʥʘʧʨʫʛʠ 1 2,u u  

ʟ ʙʣʠʟʴʢʠʤʠ ʦʧʦʨʥʠʤʠ ʯʘʩʪʦʪʘʤʠ 
1 2,Nf Nf , ʜʝ N-ʥʦʤʝʨ ʛʘʨʤʦʥʽʢʠ. ʅʘ ʚʭʽʜ ɺʍ ʥʘʜʭʦʜʠʪʴ ʥʝʩʪʘʙʽʣʴʥʝ 

ʅɺʏ ʢʦʣʠʚʘʥʥʷ ʯʘʩʪʦʪʦʶf , ʘ ʥʘ ʚʭʽʜ ɺʍ.0 ï ʦʧʦʨʥʝ ʢʦʣʠʚʘʥʥʷ ʧʝʪʣʽ ʌɸʇʏ ʯʘʩʪʦʪʦʶ
0f . ʅʘʧʨʫʛʘ 2fu  ʟ 

ʚʠʭʦʜʫ ɺʀʍ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʌɸʇʏ. 
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ʈʠʩ. 5. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ 

 

ɺʭʽʜʥʝ ʅɺʏ ʢʦʣʠʚʘʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

cos ( ),u U ty=
      (3) 

ʜʝ  ( )ty -ʧʦʚʥʘ ʬʘʟʘ, 
1 ( )

( )
2

d t
f t

dt

y

p
= -ʤʠʪʪʻʚʘ ʯʘʩʪʦʪʘ. 

ʋ ʚʠʧʘʜʢʫ ʛʝʥʝʨʘʮʽʾ ʢʦʣʠʚʘʥʥʷ ʬʽʢʩʦʚʘʥʽ ʯʘʩʪʦʪʠ 

cos2 .u U ftp=
      (4) 

ʗʢʱʦ ʛʝʥʝʨʘʪʦʨ ʟʤʽʥʶʻ ʯʘʩʪʦʪʫ ʣʽʥʽʡʥʦ ʚ ʯʘʩʽ  
2

0cos[2 ( ) ],u U ft t tp pg= + -
     (5) 

ʜʝ  
0( ) ( )f t f t tg= + - -

 
ʤʠʪʪʻʚʘ ʯʘʩʪʦʪʘ, g-h ʚʠʜʢʽʩʪʴ ʟʤʽʥʠ ʯʘʩʪʦʪʠ. ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʜʝ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʅɺʏ ʢʦʣʠʚʘʥʥʷ, ʧʨʦʮʝʩ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʷʢʦʛʦ ʟʫʧʠʥʷʻʪʴʩʷ ʧʨʠ 0.t t=  

ʉʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʧʨʠ ʟʫʧʠʥʮʽ ʯʘʩʪʦʪʘ ʅɺʏ ʢʦʣʠʚʘʥʥʷ ʤʘʻ ʥʫʣʴʦʚʝ 

ʚʽʜʭʠʣʝʥʥʷ0.fD =  ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʚʭʽʜʥʽ ʥʘʧʨʫʛʠ ʤʘʶʪʴ ʦʜʠʥʠʯʥʫ ʘʤʧʣʽʪʫʜʫ.  

ʅʘ ʦʧʦʨʥʠʡ ʚʭʽʜ ʧʝʨʝʤʥʦʞʫʚʘʯʘ M1 ʥʘʜʭʦʜʠʪʴ ʩʫʤʘ ʜʚʦʭ ʥʘʧʨʫʛ  

1 2 1 2cos(2 ) cos(2 ).u u Nf t Nf tp p+ = +
     (6) 

ʅʘ ʡʦʛʦ ʚʠʭʦʜʽ ʬʦʨʤʫʻʪʴʩʷ ʢʦʣʠʚʘʥʥʷ 

( )1 1 1 2 1 1 2cos(2 )[cos(2 ) cos(2 )],mu m u u u m ft Nf t Nf tp p p= + = +
  (7)

 

ʜʝ  ( )1 0

1
,f f f

N
= - ( )2 0

1
.f f f

N
= +

 
ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʫʻʤʦ 

( ) ( ) ( )

( )

1 1 0 1 0 1 0

1 0

1 1 1
cos 2 cos 4 2 cos 2

2 2 2

1
cos 4 2 .

2

mu m f t m ft f t m f t

m ft f t

p p p p

p p

= + - + - +

+ +
  (8) 

ʉʤʫʛʦʚʠʡ ʬʽʣʴʪʨ F1 ʚʠʜʽʣʷʻ  

( )1 1 1 0cos 2 .f fu m k f tp=
     (9) 

ʅʘ ʚʠʭʦʜʽ ʧʝʨʝʤʥʦʞʫʚʘʯʘ M2 ʚ ʨʝʞʠʤʽ ʢʚʘʜʨʘʪʦʨʘ ʟ'ʷʚʣʷʻʪʴʩʷ ʥʘʧʨʫʛʘ 
2 2 2 2 2 2

2 2 1 2 1 1 0 2 1 1 0[cos(2 )] 0.5 [1 cos(4 )].m f f fu m u m m k f t m m k f tp p= = = +
 (10) 

ɿ ʧʦʷʚʦʶ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʥʘ ʚʠʭʦʜʽ ʬʽʣʴʪʨʘ F2
2 2

2 2 2 1 10.5f f fu m k m k=  ʚʠʤʠʢʘʻʪʴʩʷ 

ʦʧʦʨʥʝ ʢʦʣʠʚʘʥʥʷ ʟ ʯʘʩʪʦʪʦʶ2Nf , ʪʦʙʪʦ2 0u = .  

ʅʘʧʨʫʛʘ ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʤʥʦʞʫʚʘʯʘ M1 ʟ ʮʴʦʛʦ ʤʦʤʝʥʪʫ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʷʢ  

1 1 1 1 0 1 0cos[2 ( ) )]cos(2 ) 0.5 [cos(2 )mu m u u m f f t ft m f tp p p= = - = +
     

0cos(4 2 )].ft f tp p+ -
       (11) 

ʌʽʣʴʪʨ F1 ʚʠʜʽʣʷʻ ʥʘʧʨʫʛʫ: 
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1 1 1 00.5 cos(2 ).f fu m k f tp=       (12) 

ʅʘ ʚʠʭʦʜʽ ʧʝʨʝʤʥʦʞʫʚʘʯʘ M3 ʟ'ʷʚʣʷʻʪʴʩʷ ʥʘʧʨʫʛʘ: 

3 3 1 0 3 1 1 0 0 3 1 1 00.5 cos(2 )cos(2 ) 0.25 [1 cos(4 )].m f f fu m u u m m k f t f t m m k f tp p p= = = +
       (13) 

ɿ ʧʦʷʚʦʶ ʥʘ ʚʠʭʦʜʽ ɺʀʍ.PLL ʥʘʧʨʫʛʠ 
3 3 1 10.25f fu m m k=

 
ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʌɸʇʏ ʽ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʯʘʩʪʦʪʘ f  ʛʝʥʝʨʘʪʦʨʘ ʅɺʏ ʜʽʘʧʘʟʦʥʫ. 

ʂʦʣʠ ʧʨʠ 0t t=
 
ʯʘʩʪʦʪʘ ʅɺʏ ʢʦʣʠʚʘʥʥʷ ʤʘʻ ʥʝʥʫʣʴʦʚʝ, ʘʣʝ ʤʘʣʝʥʴʢʝ ʚʽʜʭʠʣʝʥʥʷ, ʪʦʙʪʦ ʜʦʨʽʚʥʶʻ 

,f f+D  ʥʘʧʨʫʛʠ ʚ ʭʘʨʘʢʪʝʨʥʠʭ ʪʦʯʢʘʭ ʤʦʜʝʣʽ (ʨʠʩ. 5) ʪʘʢʽ: 

( ) ( ){ } ( ) ( )

( ) ( )

1 1 0 0 1 0

0 0 0

cos 2 cos 2 cos 2 0.5 [cos 2 2

cos(4 2 2 ) cos 2 2 cos 4 2 2 ];

mu m f f t f f t f f t m ft f t

ft ft f t ft f t ft ft f t

p p p p p

p p p p p p p p

= - + + +D = D + +è ø è ø è øê ú ê ú ê ú

+ + D - + - D + + + D +
  (14) 

( ) ( )1 1 1 0 0

1
[cos 2 2 cos 2 2 ];

2
f fu m k ft f t ft f tp p p p= D + + - D +

  (15) 

( ) ( )

( ) ( ) ( )

( )

22 2 2

2 2 1 2 1 1 0 0

2 2

2 1 1 0 0

0

0.25 cos 2 2 cos 2 2

0.25 [0.5cos 4 4 1 cos 4 cos 4

0.5cos 4 4 ];

m f f

f

u m u m m k ft f t ft f t

m m k ft f t ft f t

ft f t

p p p p

p p p p

p p

= = D + + - D + =è øê ú

= D + + + D + +

+ - D +
  (16) 

( )2 2

2 2 1 1 20.25 [1 cos 4 ].f f fu m m k k ftp= + D
    (17) 

ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʽʜʢʣʶʯʘʻʪʴʩʷ 2u : 

( ) ( ) ( )

( )

1 1 1 1 0 1 0

0

cos 2 cos 2 0.5 [cos 2 2

cos 4 2 2 ];

mu m u u m f f t f f t m ft f t

ft ft f t

p p p p

p p p

= = - +D = D + +è ø è øê ú ê ú

+ + D -
   (18) 

( )1 1 1 00.5 cos 2 2 ;f fu m k ft f tp p= D +
    (19) 

( ) ( )

( ) ( )

3 3 1 0 3 1 1 0 0 3 1 1

0

0.5 [cos 2 cos 2 2 ] 0.25

cos 2 cos 4 2 ;

m f f fu m u u m m k f t ft f t m m k

ft f t ft

p p p

p p p

= = D + = ³

³ D + + Dè øê ú  (20) 

3 3 1 1 30.25 cos(2 ).f f fu m m k k ftp= D
    (21) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʪʨʠʤʘʥʽ ʦʩʥʦʚʥʽ ʬʦʨʤʫʣʠ, ʷʢʽ ʟʚ'ʷʟʫʶʪʴ 

ʚʠʭʽʜʥʽ ʥʘʧʨʫʛʠ ʬʽʣʴʪʨʘ ʌɸʇʏ ʽ ʬʽʣʴʪʨʘ ʧʽʩʣʷ ʢʚʘʜʨʘʪʦʨʘ ʟ ʚʭʽʜʥʠʤʠ ʦʧʦʨʥʠʤʠ ʥʘʧʨʫʛʘʤʠ ʽ ʟ ʢʦʣʠʚʘʥʥʷʤ 

ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ, ʯʘʩʪʦʪʘ ʷʢʦʛʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ. 

 

ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʤʦʜʝʣʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï 

ʦʪʨʠʤʘʥʥʷ ʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘʧʨʫʛʠ ɺʀʍu  ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ ʉʌ2 ʧʽʩʣʷ ʢʚʘʜʨʘʪʦʨʘ X3 ʥʘ 

ʧʝʨʝʤʥʦʞʫʚʘʯʽ Aʇ2 ʧʨʠ ʨʽʟʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʦʧʦʨʥʠʭ ʯʘʩʪʦʪ 
1 2,Nf Nf  ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʅɺʏ ʛʝʥʝʨʘʪʦʨ 

E1 ʟʤʽʥʶʻ ʣʽʥʽʡʥʦ ʚ ʯʘʩʽ ʯʘʩʪʦʪʫ f . ʂʦʣʠʚʘʥʥʷ ʚʽʜ ʛʝʥʝʨʘʪʦʨʽʚ V1, V2 ʟ ʯʘʩʪʦʪʘʤʠ 
1 2,Nf Nf

 
ʦʙ'ʻʜʥʫʶʪʴʩʷ 

ʩʫʤʘʪʦʨʦʤ ʉ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʝʨʝʜʘʯʽ ʦʜʠʥʠʮʷ ʽ ʧʦʜʘʶʪʴʩʷ ʥʘ ʦʧʦʨʥʠʡ ʚʭʽʜ ʟʤʽʰʫʚʘʯʘ X1 ʥʘ ʧʝʨʝʤʥʦʞʫʚʘʯʽ 

ɸʇ1. 

 

ɸʇ1

ʉ

f

Nf1 Nf2

ʉʌ1

ʉʌ2

ɸʇ2

E1

V2

X1 X3

uɺʀʍ
V1

 
ʈʠʩ. 6. ʂʦʤʧ'ʶʪʝʨʥʘ ʤʦʜʝʣʴ 
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 ʉʭʝʤʘ (ʨʠʩ. 7), ʷʢʘ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ, ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʧ'ʶʪʝʨʥʽʡ ʤʦʜʝʣʽ (ʨʠʩ. 6). ɿ ʤʝʪʦʶ ʟʤʝʥʰʠʪʠ 

ʧʦʭʠʙʢʫ ʦʙʯʠʩʣʝʥʴ ʚʩʽ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʭʘʨʘʢʪʝʨʥʽ ʯʘʩʪʦʪʠ ʬʽʣʴʪʨʽʚ ʟʤʝʥʰʝʥʽ ʚ ʤʽʣʴʡʦʥ ʨʘʟʽʚ, ʘ ʯʘʩ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʽʣʴʰʝʥʦ ʚ ʤʽʣʴʡʦʥ ʨʘʟʽʚ. ɻʝʥʝʨʘʪʦʨ E1 ʟʘ 10 ʩ ʟʤʽʥʶʻ ʯʘʩʪʦʪʫ ʚʽʜ 48.75 ʢɻʮ ʜʦ 51.25 ʢɻʮ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 0.25 ʢɻʮ/ʩ. ʆʧʦʨʥʘ ʯʘʩʪʦʪʘ 
1Nf  
ʛʝʥʝʨʘʪʦʨʘ V1 ʜʦʨʽʚʥʶʻ 49.5 ʢɻʮ, ʘ ʯʘʩʪʦʪʘ 

2Nf
 
ʛʝʥʝʨʘʪʦʨʘ V2 ï 

50.5 ʢɻʮ. ʊʦʙʪʦ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ E1 50 ʢɻʮ. ʌʽʣʴʪʨ ʉʌ1 L1, L2, C1 - C3 ʤʘʻ ʮʝʥʪʨʘʣʴʥʫ 

ʯʘʩʪʦʪʫ 
0 500f = ɻʮ ʽ ʩʤʫʛʫ ʧʨʦʧʫʩʢʘʥʥʷ 100 ɻʮ. ʉʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʬʽʣʴʪʨʘ ʉʌ2 ʥʘ ʝʣʝʤʝʥʪʘʭ R3, C4, R6, 

C5 ï (5é50) ɻʮ. ʋʟʛʦʜʞʫʶʯʽ ʧʽʜʩʠʣʶʚʘʯʽ X2, X4 ʤʘʶʪʴ ʦʜʠʥʠʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ. ʂʦʝʬʽʮʽʻʥʪ 

ʤʥʦʞʝʥʥʷ 

0 2 1 1 22 / ( ) 2 / ( ) 5,N f f f f f f= - = + =   (22) 

ʪʦʙʪʦ 1f = 9.9 ʢɻʮ;
 2f = 10.1 ʢɻʮ. 

 

 
ʈʠʩ. 7. ʉʭʝʤʘ, ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ 

 

 
ʈʠʩ. 8. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ 

 

ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʫ ʩʭʝʤʽ (ʨʠʩ. 7) ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʧʨʫʛʠ ʫ ʚʫʟʣʽ 4 ʥʘ ʚʠʭʦʜʽ ʧʝʨʝʤʥʦʞʫʚʘʯʘ X1, ʟ 

ʚʫʟʣʦʚʦʾ ʥʘʧʨʫʛʠ 7 ʥʘ ʚʠʭʦʜʽ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ ʽ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʫ ʚʫʟʣʽ 10 (ʨʠʩ. 8). ʅʘʷʚʥʽʩʪʴ ʯʽʪʢʦʛʦ 

ʨʘʜʽʦʽʤʧʫʣʴʩʫ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʧʨʠ ʧʝʨʝʭʦʜʽ ʯʘʩʪʦʪʠ f  ʛʝʥʝʨʘʪʦʨʘ E1 ʯʝʨʝʟ 50 ʢɻʮ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ 

ʩʘʤʝ ʮʷ ʯʘʩʪʦʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠʤʝʪʴʩʷ ʧʝʪʣʝʶ ʌɸʇʏ. 

ʗʢʽʩʥʦ ʪʘʢʽ ʞ ʯʘʩʦʚʽ ʟʘʣʝʞʥʦʩʪʽ ʦʪʨʠʤʘʻʤʦ ʜʣʷ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʛʝʥʝʨʘʪʦʨ E1 ʟʘ 10 ʤʢʩ ʟʤʽʥʶʻ ʯʘʩʪʦʪʫ 

ʚʽʜ 48.75 ɻɻʮ ʜʦ 51.25 ɻɻʮ ʟʽ ʰʚʠʜʢʽʩʪʶ 0.25 ɻɻʮ/ʤʢʩ. ʆʧʦʨʥʽ ʯʘʩʪʦʪʠ 
1 2,f f

 
ʜʦʨʽʚʥʶʶʪʴ 9.9 ɻɻʮ ʽ 10.1 ɻɻʮ, 

ʚʽʜʧʦʚʽʜʥʦ. ʉʪʘʙʽʣʽʟʫʻʪʴʩʷ ʯʘʩʪʦʪʘ ʛʝʥʝʨʘʪʦʨʘ E1 50 ɻɻʮ. ʌʽʣʴʪʨ ʉʌ1 (ʨʠʩ. 6) ʤʘʪʠʤʝ ʮʝʥʪʨʘʣʴʥʫ ʯʘʩʪʦʪʫ 

500 ʄɻʮ ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 100 ʄɻʮ, ʘ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʬʽʣʴʪʨʘ ʉʌ2 ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ (5é50) ʄɻʮ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ 41.7 ʢɻʮ ʘʙʦ ʚ ʧʝʨʝʨʘʭʫʥʢʫ 41.7 ɻɻʮ (ʨʠʩ. 9). 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʭʽʜʥʠʡ ʨʘʜʽʦʽʤʧʫʣʴʩ ʚʽʜʩʫʪʥʽʡ ʪʦʙʪʦ ʌɸʇʏ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʽ ʨʝʞʠʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ ʚʽʜʩʫʪʥʽʡ. 
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ʈʠʩ. 9. ʇʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʘʩʪʦʪʠ 

 

ʄʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʦʜʽʙʥʽ ʨʠʩ. 9 ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʯʘʩʪʦʪʠ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʷʢʘ ʚʠʭʦʜʠʪʴ ʫ ʪʦʡ ʯʠ ʽʥʰʠʡ ʙʽʢ 

ʟʘ ʤʝʞʽ ʟʤʽʥʠ ʯʘʩʪʦʪʠ ʛʝʥʝʨʘʪʦʨʘ E1. ʎʽ ʟʘʣʝʞʥʦʩʪʽ ʥʝ ʙʫʜʫʪʴ ʤʽʩʪʠʪʠ ʨʘʜʽʦʽʤʧʫʣʴʩ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʨʝʞʠʤ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʽʜʩʫʪʥʽʡ. 

ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ, ʱʦ ʙʫʜʴ-ʷʢʽʡ ʯʘʩʪʦʪʽ f
 
ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʘʢʽ 

ʜʚʽ ʙʣʠʟʴʢʠʭ ʦʧʦʨʥʠʭ ʯʘʩʪʦʪʠ 
1 2,f f , ʷʢʽ ʜʣʷ ʟʘʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʤʥʦʞʝʥʥʷ N  ʜʘʜʫʪʴ ʥʘ ʚʠʭʦʜʽ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʩʫʤʫ ʜʚʦʭ ʢʦʣʠʚʘʥʴ ʯʘʩʪʦʪʦʶ 
0 2 10.5 ( ),f N f f= -  ʧʨʠʯʦʤʫ 

0 10.25f f<  ʘʙʦ 

2 1 1 / 2 .f f f N- <
 

ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʛʝʥʝʨʘʪʦʨʽ ʰʣʷʭʦʤ ʧʨʘʚʠʣʴʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʦʧʦʨʥʠʭ ʯʘʩʪʦʪ ʤʦʞʥʘ 

ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʌɸʇʏ  ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴhʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʚʠʩʦʢʦʩʪʘʙʽʣʴʥʦʛʦ ʜʽʘʧʘʟʦʥʥʦʛʦ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʧʦʷʩʥʝʥʦ ʡʦʛʦ 

ʨʦʙʦʪʫ. ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʅɺʏ ʛʝʥʝʨʘʪʦʨʘ. ʆʪʨʠʤʘʥʽ ʬʦʨʤʫʣʠ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʥʘʧʨʫʛ 

ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʟ ʚʠʭʽʜʥʠʤ ʢʦʣʠʚʘʥʥʷʤ ʛʝʥʝʨʘʪʦʨʘ. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʧʨʠʩʪʨʦʶ ï ʚ ʅɺʏ ʛʝʥʝʨʘʪʦʨʽ ʤʦʞʥʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ. 

ʉʪʘʙʽʣʴʥʽʩʪʴ ʚʫʟʣʘ ʦʧʦʨʥʠʭ ʯʘʩʪʦʪ ʚʠʟʥʘʯʘʻ ʚʽʜʥʦʩʥʫ ʧʦʭʠʙʢʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʪʦʪʠ ʅɺʏ 

ʛʝʥʝʨʘʪʦʨʘ ï 10-6 ʽ ʢʨʘʱʝ. ʁʦʛʦ ʤʘʢʩʠʤʘʣʴʥʘ ʯʘʩʪʦʪʘ  ï  100 ɻɻʮ ʽ ʙʽʣʴʰʝ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʜʠʥʘʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ, ʩʪʨʦʙʦʩʢʦʧʽʯʥʦʛʦ ʟʤʽʰʫʚʘʯʘ ʪʘ ʛʝʥʝʨʘʪʦʨʘ ʛʘʨʤʦʥʽʢ. ʗʢʽʩʥʠʡ 

ʛʝʥʝʨʘʪʦʨ ʛʘʨʤʦʥʽʢ ʟʘʙʝʟʧʝʯʠʪʴ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʚʠʭʽʜʥʦʛʦ ʢʦʣʠʚʘʥʥʷ. 
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ʌɯʃʔʊʈɸ ʇɯɼ ʏɸʉ ʂʆʃʀɺɸʅʔ ʅɸʇʈʋɻʀ 
 
˝̏̈̑̏̂̌̆̎̏ ̠̑̆̄̔̌̓̏̑ ̎́̐̑̔̄̉ ̎́ ̖̋̏̎̅̆̎̒́̓̏̑́ ̠̅̌ ̖̒̆̍̉ ̠̋̆̑̔̃́̎̎ ̝̐́̑́̌̆̌̎̉̍ ́̋̓̉̃̎̉̍ ̨̝̌̓̑̏̍̕ 

̎́ ̨̏̒̎̏̃ ÄÑ-̨̩̓̆̏̑ ̈ ̂̌̏̋̏̍ ̋̏̃̈̎̏̄̏ ̠̔̒̆̑̆̅̎̆̎̎ ̒̓̑̔̍̔ ̃ ̨̋̏̌ ̠̋̆̑̔̃́̎̎ ̒̓̑̔̍̏̍ 
di Ȣ ˏ̨̎ ̨̝̍̒̓̉̓ ̂̌̏̋ 

̈́̓̑̉̍̋̉ȟ ̗̉̑̏̃̉̊̕ ̨̝̌̓̑̕ ̨̖̎̉̇̎ ̘́̒̓̏̓ ̙̐̆̑̏̄̏ ̠̐̏̑̅̋̔ &)2 ́̂̏ ))2 ɉ̃ ̨̈́̌̆̇̎̏̒̓ ̨̃̅ ̨̃́̑́̎̓̔ ̠̩̑̏̈̄̌̎̔̓̏ 
̖̒̆̍̉Ɋ ̓́ ̂̌̏̋ ȺÓÇÎȻȟ ̏̚ ̨̨̤̒̓́̂̌̈̔ ̨̖̃̉̅̎̉̊ ̒̉̄̎́̌Ȣ ˞̖̆̍̔ ̠̋̆̑̔̃́̎̎ ̟̎́̐̑̔̄̏ ̎́ ̨̋̏̎̅̆̎̒́̓̏̑ ̍̏̇̌̉̃̏ 
̨̑̆́̌̈̔̃́̓̉ ̨̟̐̏̃̎̒̓ ̃ ̗̉̑̏̃̏̍̔̕ ̨̨̃́̑́̎̓ ̏̂̑̏̂̋̉ ̒̉̄̎́̌̔ ̓́ ̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ ̨̝̈́̍̒̓ ́̎́̌̏̄̏̃̏̄̏ 0)$ 
̠̑̆̄̔̌̓̏̑́ȟ ̏̚ ̎́̂́̄́̓̏ ̨̙̆̆̋̓̉̃̎̆̕ ̈́ ̨̨̖̎̆̏̂̅̎̏̒̓ ̨̗̩́̅́̐̓́ ̖̒̆̍̉ ̅̏ ̑̆̇̉̍̔ ̝̎́̃́̎̓́̇̆̎Ȣ ˎ̨̨̝̙̝̌̒̓ 
̖́̎́̌̏̄̏̃̉ ̨̨̝̌̓̑̃̕ ̟̝̒̓̑́̇̅́̓ ̨̃̅ ̖́̈̏̃̉̕ ̠̒̐̏̓̃̏̑̆̎̎ȟ ̋̏̌̉ ̒̉̄̎́̌̉ ̎́ ̨̖̑̈̎̉ ̘̖́̒̓̏̓́ ̟̝̠̈́̓̑̉̍̔̓̒ ̎́ 
̨̑̈̎̔ ̘̃̆̌̉̉̎̔Ȣ ˢ̘̏́ ̗̆ ̃̒̆ ̆̚ ̤̐̑̉̒̔̓̎ ̃ ̗̖̉̑̏̃̉̕ ))2-̨̝̖̌̓̑́̕Ȣ &)2-̨̝̌̓̑̉̕ ̘̈́̈̃̉́̊ ̨̑̏̈̑̏̂̌̆̎ ̠̋ Ⱥ̨̨̌̎̊̎́ 
́̈́̕Ȼȟ ̏̚ ̘̤̏̈̎́́ȟ ̏̚ ̨̝̌̓̑̕ ̎̆ ̤̍́ ̖́̈̏̃̉̕ ̝̒̐̏̓̃̏̑̆̎Ȣ ˡ̨́̈̏̃ ̠̒̐̏̓̃̏̑̆̎̎ ̟̝̃̉̎̉̋́̓ ̘̆̑̆̈ ̓̆ȟ ̏̚ ̒̉̄̎́̌̉ 
̨̩̑̈̎̏ ̘́̒̓̏̓̉ ̟̝̠̈́̓̑̉̍̔̓̒ ̐̏-̨̑̈̎̏̍̔ ̐̑̉ ̨̐̆̑̆̓̉̎ ̨̝̌̓̑́̕Ȣ ˑ̠̌ ))2 ̨̨̝̌̓̑̃̕ ̨̖̎̆̏̂̅̎̏ ̠̃̃̆̅̆̎̎ 
̅̏̅́̓̋̏̃̏̄̏ ̨̨̗̤̋̏̆̎̓́̕ȟ ̠̋̉̊ ̂̔̅̆ ̟̑̆̄̔̌̃́̓̉ ̄̑̔̐̏̃̔ ̈́̓̑̉̍̋̔ȟ ̠̐̑̏̓̄̏̍ ̠̩̋̏ ̨̝̌̓̑̕ ̈́̓̑̉̍̔̃́̓̉̍̆ ̒̉̄̎́̌ 
̩̐̆̃̎̏ ̘́̒̓̏̓̉Ȣ ˬ̋̏̚ ̃̉ ̑̏̂̉̓̆ ̓̆ ̇ ̒́̍̆ ̠̅̌ &)2-̨̝̌̓̑́̕ȟ ̃̉ ̘̐̏̂́̉̓̆ ̠̐̑̍̔ ̝̄̏̑̉̈̏̎̓́̌̎̔ ̨̨̟̌̎ȟ ̗̆ ̘̤̏̈̎́́ȟ 
̏̚ ̨̃̒ ̒̉̄̎́̌̉ ̟̝̠̈́̓̑̉̍̔̓̒ ̎́ ̏̅̎́̋̏̃̔ ̘̃̆̌̉̉̎̔ȟ ̏̚ ̅̏̂̑̆ ̓́ ̘̝̈́̂̆̈̐̆̉̓ ̋̑́̔̚ ̨̠̝̋̒̓ ̒̉̄̎́̌̔Ȣ ˎ̌̏̋ ȺÓÇÎȻ ̎̆ 
̤̃̐̌̉̃́ ̎́ ̗̐̑̏̆̒ ̨̠̐̅̓̑̉̍́̎̎ ̎́̐̑̔̄̉ ̎́ ̖̋̏̎̅̆̎̒́̓̏̑́ ̓́ ̨̙̝̃̉̅̋̒̓ ̨̖̖̐̆̑̆̅̎̉ ̨̗̐̑̏̆̒̃ȟ ̊̏̄̏ ̝̑̏̌ ̠̤̐̏̌̄́ ̔ 
̨̐̏̒̉̌̆̎̎ ̨̗̩̋̏̍̐̆̎̒́̊̎̏ ̨̈̅́̓̎̏̒̓ ̠̑̆̄̔̌̓̏̑́ ̎́̐̑̔̄̉ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̨̝̗̩̌̓̑́̕ ̗̉̑̏̃̏̄̏̕ ̒̉̄̎́̌̔Ȣ ˏ̉̂̑́̎̉̊ 
̨̝̌̓̑̕ ̈́ ̟̅̏̐̏̍̏̄̏ ̘̩́̃̓̏̍́̓̉̎̏ ̨̨̨̗̩̒̓́̂̌̈́ ̎́̐̑̔̄̉ ̎́ ̨̋̏̎̅̆̎̒́̓̏̑ ̘̤̈́̂̆̈̐̆̔ ̨̝̒̓́̂̌̎̉̊ ̗̐̑̏̆̒ 
̠̈́̑̅̔Ⱦ̠̑̏̈̑̅̔ ̋̏̎̅̆̎̒́̓̏̑́ ̨ ̃̉̒̏̋̉̊ ̨̝̑̃̆̎ ̨̗̩̋̏̍̐̆̎̒́ ̖̃̉̉̚ ̨̄́̑̍̏̎̋ ̂̆̈ ̘̩̈̎́̎̏ ̩̅̏̅́̓̋̏̃̏ ̨̗̩̄̆̎̆̑́ 
̩́̋̓̉̃̎̏ ̨̐̏̓̔̇̎̏̒̓ ̃ ̍̆̑̆̇̔Ȣ ˜̑̉ ̨̃̉̋̏̑̉̒̓́̎̎ ̃ ̨̋̏̎̓̆̋̒̓ ̖́̎́̌̏̄̏̃̉ ̒̉̒̓̆̍ ̝̑̆́̌̎̏̄̏ ̘́̒̔ ̗̉̑̏̃̉̊̕ 
̨̝̌̓̑̕ ̨̨̎̏̅ ̤̍́ ̘̐̑̏̂̌̆̍́̓̉̎̔ ̈́̓̑̉̍̋̔ ɉ̨̗̠̑̈̎̉ ̃ ̨̘́̒ ̨̍̇ ̖̃̏̅̏̍ ̨ ̖̃̉̏̅̏̍Ɋȟ ̏̚ ̐̏̃ȭ̠̈́̎̏ ̈ ́̎́̌̏̄-̏
̗̉̑̏̃̉̍̕ ̓́ ̗̉̑̏̕-́̎́̌̏̄̏̃̉̍ ̠̐̆̑̆̓̃̏̑̆̎̎̍ ̓́ ̠̈̄̌́̅̇̔̃́̎̎̍Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̨̗̩̏̐̓̉̍̈́ ̘́̒̔ 
̠̈́̑̅̔Ⱦ̠̑̏̈̑̅̔ ̋̏̎̅̆̎̒́̓̏̑́ ̒̉̌̏̃̏̄̏ ́̋̓̉̃̎̏̄̏ ̨̝̌̓̑́̕ ̍̏̇̎́ ̠̅̏̒̄̓̉ ̨̨̝̩̍̎̍́̌̎̏ ̨̓̑̉̃́̌̏̒̓ ̨̖̐̆̑̆̅̎̏̄̏ 
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OPTIMIZATION OF CHARGE / DISCHARGE TIME OF ACTIVE FILTER  
CAPACITORS DURING VOLTAGE FLUCTUATIONS  

 
A voltage regulator on capacitors has been developed for the control circuit of a parallel active filter based on dq-theory with a 

block of sliding averaging current in the current control circuit i_d. It contains a delay unit, a digital low-pass filter of the first order FIR or 
IIR (depending on the variant of the considered scheme) and the unit "sgn", which stabilizes the output signal. The voltage control circuit on 
the capacitor can be implemented entirely in digital signal processing and used instead of the analog PID controller, which is much more 
effective if you need to adapt the circuit to the load mode. Most analog filters suffer from phase distortion when signals at different 
frequencies are delayed by different amounts. Although it is still present in digital IIR filters. FIR filters are usually designed as a "linear 
phase", which means that the filter has no phase distortion. Phase distortions occur due to the fact that signals of different frequencies are 
delayed differently when crossing the filter. For IIR filters, it is necessary to enter an additional factor that will regulate the group delay, 
during which the filter will delay the signal of a certain frequency. If you do the same for the FIR filter, you will see a straight horizontal line, 
which means that all signals are delayed by the same amount, which is good and will provide better signal quality. The unit "sgn" does not 
affect the process of maintaining the voltage on the capacitors and the speed of transients, its role is to enhance the compensatory capacity 
of the voltage regulator by filtering the digital signal. The selected filter, by automatically stabilizing the voltage on the capacitor provides a 
stable charge / discharge process of the capacitor and a high level of compensation of higher harmonics without significant additional 
generation of active power in the network. When used in the context of real-time analog systems, the digital filter sometimes has a 
problematic delay (input-output time difference) due to analog-to-digital and digital-to-analog conversion and smoothing. It is shown that 
by optimizing the charge / discharge time of the capacitor of the power active filter it is possible to achieve the minimum duration of the 
transient process with the minimum values of harmonic distortions. 

Keywords: electric network, higher harmonics, reactive power, active power filter, voltage regulator, delay unit, digital filter. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ ʟʘʛʦʩʪʨʠʣʦ ʧʨʦʙʣʝʤʫ ʷʢʦʩʪʽ 
ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʪʠʨʠʩʪʦʨʥʽ 
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ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ, ʢʝʨʦʚʘʥʽ ʚʠʧʨʷʤʣʷʯʽ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʽ ʘʚʪʦʥʦʤʥʽ ʽʥʚʝʨʪʦʨʠ ʥʘʧʨʫʛʠ ʛʝʥʝʨʫʶʪʴ 
ʛʘʨʤʦʥʽʢʠ, ʯʘʩʪʦʪʠ ʷʢʠʭ ʧʝʨʝʚʠʱʫʶʪʴ 1 ʢɻʮ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʚʩʝ 
ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʣʦʚʽ ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ (ʉɸʌ) [1, 2]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʉɸʌ ʟʘ ʨʽʟʢʦ ʟʤʽʥʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʦʶ ʯʘʩʪʠʥʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 
ʢʦʥʜʝʥʩʘʪʦʨʘʭ [3, 4].  

ɺ [5] ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʽʡ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʚ ʷʢʽʡ ʧʦʻʜʥʫʶʪʴʩʷ ʘʥʘʣʦʛʦʚʘ ʪʘ 
ʮʠʬʨʦʚʘ ʨʝʘʣʽʟʘʮʽʾ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʠʩʪʨʦʶ 
ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ. 

 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 

ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʉɸʌ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʫʣʘ 
ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Simulink ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Matlab (ʨʠʩ. 1). ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʙʣʦʢʽʚ: ʙʣʦʢʽʚ ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ ʟ ʩʠʩʪʝʤʠ ʬʘʟʥʠʭ 
ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʤʠʪʪʻʚʠʭ ʩʠʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ  ʪʘ  [2], ʙʣʦʢʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʤʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ.  

 
ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʉɸʌ 

 
ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʉɸʌ ʚ ʨʝʞʠʤʽ  ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʟ 

ʪʨʠʬʘʟʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʜʦʜʘʪʢʦʚʠʤ ʪʨʠʬʘʟʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [6]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʥʦʾ ʤʦʜʝʣʽ: ʦʧʽʨ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 18.4+j17.1 ʤʆʤ, ʦʧʽʨ ʥʘ ʩʪʦʨʦʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
ʥʝʣʽʥʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʠʧʨʷʤʣʷʯ, ʩʭʝʤʘ ʃʘʨʽʦʥʦʚʘ) ï 12+j1,256 ʆʤ, ʦʧʽʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʨʠʬʘʟʥʦʛʦ  
ʥʘʚʘʥʪʘʞʝʥʥʷ ï 10+j10 ʆʤ, ʦʧʽʨ ʪʨʠʬʘʟʥʦʛʦ ʥʘʢʠʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 5+j3 ʆʤ. ɯʥʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʚʽʤʢʥʝʥʘ 

ʧʦʩʣʽʜʦʚʥʦ ʟ ʬʽʣʴʪʨʦʤ ʤɻʥ. ɼʚʘ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʱʦ ʚʚʽʤʢʥʝʥʽ ʧʦʩʣʽʜʦʚʥʦ ʪʘ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʻʤʥʽʩʪʴ , ʥʘʧʨʫʛʘ ,  . ʅʘʢʠʜ ʪʨʠʬʘʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,06 ʩ, ʘ ʩʢʠʜ ï ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,12 ʩ.  
ʅʘ ʚʭʽʜ ʙʣʦʢʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ (ʨʠʩ. 1) ʧʦʩʪʫʧʘʻ ʩʠʛʥʘʣ 

( ) ( ) ( )dosc d di t i t i t=D - ,                                                             (1) 

ʜʝ  ( )di tD  ï ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʩʪʨʫʤʫ ( )di t , ʱʦ ʟʫʤʦʚʣʝʥʠʡ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ( )dcU t  ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 
dcrefU ; ( )di t ï ʩʢʣʘʜʥʠʢ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ( )di t . 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʠʢʘ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ: 

( ) ( ) ( )d d di t i t I t= - ,                                                                      (2) 

ʜʝ  

/6

6
( )

t

d d

t T

I i t dt
T
-

= ñ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ( )di t . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ FIR ʪʘ IIR 

ʬʽʣʴʪʨʽʚ. ʈʦʟʨʦʙʣʝʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2. ɺ ʧʝʨʰʦʤʫ 
ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʤʝʥʪ ʟʘʪʨʠʤʢʠ, ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ FIR ʪʘ ʙʣʦʢ çsgnè. ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ FIR 
(ʬʽʣʴʪʨ ʟʽ ʩʢʽʥʯʝʥʥʦʶ ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ) ʤʘʻ ʪʨʘʥʩʧʦʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʘʪʨʠʤʢʫ, ʷʢʘ 
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ʨʝʛʫʣʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʪʘ ʩʧʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʯʘʩʫ. ɼʦʜʘʪʢʦʚʠʡ 
ʙʣʦʢ çsgnè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 
ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ.   

 
ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ  

 
ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʣʘʰʪʫʚʘʥʴ FIR ʬʽʣʴʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ b0=-0,3 ʪʘ b1=1 z ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ 
ʬʫʥʢʮʽʾ ʷʢʦʛʦ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ 

1( ) 0,3 0,3 ( 3,333)

( ) 1

FIR

FIR

Y z z z

X z z

-- + - Ö -
= = .                                               (3) 

ʐʚʠʜʢʦʜʽʷ FIR ʬʽʣʴʪʨʘ ʻ ʚʠʱʦʶ, ʥʽʞ IIR ʬʽʣʴʪʨʘ, ʪʦʤʫ ʚʽʥ ʤʦʞʝ ʢʨʘʱʝ ʨʦʟʜʽʣʷʪʠ ʯʘʩʪʦʪʠ. ʆʜʥʽʻʶ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ FIR ʬʽʣʴʪʨʘ ʻ ʡʦʛʦ ʘʚʪʦʥʦʤʥʘ ʨʦʙʦʪʘ [7].  
ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ  
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ɿʘʪʨʠʤʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘ ʚ ʤʝʞʘʭ 350 ï 260 ʪʘʢʪʽʚ (ʱʦ 
ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʥʠʢʫ ʩʪʝʧʝʥʽ 351 ï 261), ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤ ʽʥʪʝʛʨʘʪʦʨʦʤ ʯʘʩʫ ʪʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 
ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʴ ʩʠʛʥʘʣʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ ʟʘʪʨʠʤʢʠ. ʊʨʠʛʝʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʜʣʷ ʩʢʠʜʘʥʥʷ ʩʪʘʥʽʚ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʟʨʦʩʪʘʶʯʠʡ ʘʙʦ ʩʧʘʜʥʠʡ ʬʨʦʥʪ [8].  

ɯʥʪʝʛʨʘʪʦʨ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʟʘʪʨʠʤʢʫ, ʤʘʻ ʥʫʣʴʦʚʫ ʧʝʨʝʜʘʯʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʁʦʛʦ ʧʝʨʝʜʘʪʦʯʥʘ 
ʬʫʥʢʮʽʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 
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ʆʪʞʝ, ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʽʥʪʝʛʨʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʧʦʪʦʯʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʥʝʟʥʘʯʥʦʶ 

ʟʘʪʨʠʤʢʦʶ ʪʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ.  
ʌʫʥʢʮʽʶ çsgnè  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 
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ʇʨʠ ʮʴʦʤʫ  
űű ű jz / z cos j sin e= + =,                                                    (7) 

ʜʝ  arg zj=  ï ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z.  

ʊʦʯʢʘ z = 0 ʻ ʪʦʯʢʦʶ ʨʦʟʨʠʚʫ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʦʩʢʽʣʴʢʠ ʤʝʞʽ ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʚʽʜ ʥʫʣʷ ʜʦʨʽʚʥʶʶʪʴ,  
ʚʽʜʧʦʚʽʜʥʦ, +1 ʪʘ -1. ɺʠʨʘʟ (7) ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʫʟʘʛʘʣʴʥʝʥʴ ʬʫʥʢʮʽʾ ʩʽʛʥʫʤʫ ʥʘ ʧʣʦʱʠʥʽ ʢʦʤʧʣʝʢʩʥʠʭ 

ʯʠʩʝʣ.  
ʇʨʠ  ʨʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʽʾ   ̒ʪʦʯʢʘ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ. ʉʝʥʩ ʮʴʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ ʧʦʢʘʟʘʪʠ ʥʘʧʨʷʤʦʢ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ z. ʎʝʡ ʥʘʧʨʷʤʦʢ ʫ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʜʘʻ ʢʫʪ . ʅʝʚʠʟʥʘʯʝʥʠʡ ʥʘʧʨʷʤʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʯʠʩʣʫ z = 0, ʚʠʨʘʞʘʻʪʴʩʷ ʥʫʣʴʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ. 
ʅʘ ʨʠʩ. 3 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ çsgnè ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʋ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ IIR (ʬʽʣʴʪʨ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʽʤʧʫʣʴʩʥʦʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ), ʷʢʠʡ ʩʢʠʜʘʻʪʴʩʷ ʧʦ ʨʽʚʥʶ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ ʙʣʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʯʘʩʫ. ɺ ʜʨʫʛʦʤʫ 
ʚʘʨʽʘʥʪʽ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʚʽʜ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʣʷʛʘʻ ʚ IIR ʬʽʣʴʪʨʽ, ʷʢʠʡ ʰʚʠʜʰʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽ 
ʟʘʧʫʩʢʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʙʫʜʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  

ɼʣʷ ʜʘʥʦʛʦ IIR ʬʽʣʴʪʨʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 

ʧʽʜʪʨʠʤʫʻ ʦʜʠʥʠʯʥʫ ʘʤʧʣʽʪʫʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʘʣʝ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʧʽʜʩʠʣʝʥʥʷ. ʊʦʤʫ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʢʠʜʘʪʠ ʬʽʣʴʪʨ ʧʦ ʨʽʚʥʶ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ 
ʜʠʩʢʨʝʪʥʠʡ ʯʘʩʦʚʠʡ ʽʥʪʝʛʨʘʪʦʨ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʙʦʨʫ 
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ʢʦʝʬʽʮʽʻʥʪʽʚ 
1 0,75b = , 0 0, 75a =  ʪʘ 1 1a =  ʜʣʷ z ï ʧʝʨʝʪʚʦʨʝʥʥʷ, IIR ʬʽʣʴʪʨ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʜʠʥʠʯʥʫ 

ʘʤʧʣʽʪʫʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

 
ʈʠʩ. 3. ɻʨʘʬʽʢ ʨʝʘʢʮʽʾ ʩʠʛʥʘʣʫ  ʥʘ ʨʦʙʦʪʫ ʙʣʦʢʫ çsgnè 
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ʑʝ ʦʜʠʥ ʤʦʤʝʥʪ, ʥʘ ʷʢʠʡ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʜʣʷ IIR ʬʽʣʴʪʨʽʚ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʭʘʨʘʢʪʝʨʥʘ 
ʥʝʩʪʽʡʢʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ, ʪʦʜʽ ʷʢ FIR ʬʽʣʴʪʨʠ ʟʘʚʞʜʠ ʩʪʘʙʽʣʴʥʽ. IIR ʬʽʣʴʪʨʠ ʤʫʣʴʪʠʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʤʘʶʪʴ 
ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʱʦʙ ʰʚʠʜʢʦ ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʘ.  

ɯʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ IIR ʬʽʣʴʪʨʘ ʻ ʟʘʛʘʩʘʶʯʦʶ ʝʢʩʧʦʥʝʥʪʦʶ. ʈʽʚʥʷʥʥʷ IIR ʬʽʣʴʪʨʘ ʧʝʨʰʦʛʦ 
ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ z-ʧʝʨʝʪʚʦʨʝʥʥʷ 

[] [] []1(1 ɔ) ɔIIRIIR IIRy z x z z y z-= - Ö + Ö Ö Ö.                                           (9) 

ʜʝ  .  

ʇʝʨʝʛʨʫʧʫʻʤʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ 
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IIR ʬʽʣʴʪʨ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʧʨʷʤʦʾ ʬʦʨʤʠ II ʪʘ ʧʦʪʨʝʙʫʻ ʣʠʰʝ N ʦʜʠʥʠʮʴ ʟʘʪʨʠʤʢʠ, ʜʝ N ʻ ʧʦʨʷʜʢʦʤ 

ʬʽʣʴʪʨʘ ï ʧʦʪʝʥʮʽʡʥʦ ʚʜʚʽʯʽ ʤʝʥʰʠʤ, ʥʽʞ ʜʣʷ ʧʨʷʤʦʾ ʬʦʨʤʠ I. ʎʶ ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʨʷʜʢʫ 
ʯʠʩʝʣʴʥʠʢʘ ʪʘ ʟʥʘʤʝʥʥʠʢʘ ʧʨʷʤʦʾ ʬʦʨʤʠ I, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘʩʧʨʘʚʜʽ ʻ ʜʚʦʤʘ ʣʽʥʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʽ 
ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʤʫʪʘʪʠʚʥʦʩʪʽ. ɹʣʦʢ-ʩʭʝʤʫ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.   

 

 
ʈʠʩ. 4. ɹʣʦʢ-ʩʭʝʤʘ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ 

 
ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʟ IIR ʬʽʣʴʪʨʦʤ ʚ z ï ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʇʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ 
ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ IIR ʬʽʣʴʪʨʘ ʪʘ 
ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ FIR ʬʽʣʴʪʨʘ ʚ ʤʝʞʘʭ 0,75 ï 0,85 [9]. ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʠʱʽ 

ʛʘʨʤʦʥʽʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 5).  
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ɸʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ. ʇʨʠ 
ʧʝʨʝʚʝʜʝʥʥʽ ʡʦʛʦ ʚ ʨʝʞʠʤ ʣʠʰʝ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ 
ʟʜʘʪʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʝʞʠʤʦʤ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʜ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʪʨʽʙʥʦ: ʚʠʟʥʘʯʠʪʠ ʘʢʪʠʚʥʫ ʽ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʩʪʨʫʤ ʤʝʨʝʞʽ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 
ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʝʨʝʟ ʾʭ ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʧʝʨʽʦʜʽ. 
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= Öñ .                                          (12) 

ʑʦʙ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʡ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ.  

2 2 ;p eP Ps = -  
2 2

q eQ Qs = - .                                                 (13) 

ɽʬʝʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ ʧʽʜ 

ʯʘʩ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ. ɻʨʘʬʽʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʘʨʽʘʥʪʽʚ ʽʜʝʥʪʠʯʥʽ ʟ ʧʦʭʠʙʢʦʶ ʤʝʥʰʝ 1%. 

 

 
ʈʠʩ. 5. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ: ʘ) ʜʽʡʩʥʘ ʘʢʪʠʚʥʘ ʪʘ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ; ʙ) ʩʪʨʫʤ 

ʤʝʨʝʞʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ; ʚ) ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ  ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʤʽʥʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ 

 
ɻʨʘʬʽʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʥʘ ʨʠʩʫʥʢʫ 6 ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ. ɿ ʨʠʩʫʥʢʫ 6 ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʥʘʧʨʫʛʠ ʥʘ 
ʢʦʥʜʝʥʩʘʪʦʨʽ. ɻʣʠʙʠʥʘ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʻʤʥʽʩʪʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʤʦʞʝ ʙʫʪʠ 
ʟʤʝʥʰʝʥʘ ʟʙʽʣʴʰʝʥʥʷʤ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʦʭʠʙʢʠ. 

 

 
ʈʠʩ. 6. ɻʨʘʬʽʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ 

 
ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ IGBT ʪʨʘʥʟʠʩʪʦʨʠ, ʷʢʽ ʥʘʙʘʛʘʪʦ ʣʝʛʰʽ ʚ ʢʝʨʫʚʘʥʥʽ ʪʘ ʛʽʨʰʽ ʚ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɺ ʤʘʣʦʧʦʪʫʞʥʠʭ ʉɸʌ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ MOSFET ʪʨʘʥʟʠʩʪʦʨʠ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ 
ʢʨʘʱʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ. ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 
ʩʪʨʫʤʫ ʢʝʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʢʦʞʥʦʛʦ ʟ ʬʽʣʴʪʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ (ʜʠʚ. ʪʘʙʣʠʮʶ). 
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ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʉɸʌ ʚ ʨʝʞʠʤʽ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ 

ɿʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ ɯɸ ɯɺ ɯʉ 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɸ)  103,8 103,8 103,8 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (%) 8,52 8,52 8,52 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ (ɸ) IIR  93,75 93,89 93,82 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ (%) IIR 0,72 0,71 0,73 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ (ɸ) FIR  93,78 93,89 93,79 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ (%) FIR 0,72 0,72 0,72 

 
 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʤʽʩʪʠʪʴ FIR ʘʙʦ IIR ʬʽʣʴʪʨʠ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʟʘʪʨʠʤʢʠ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʽʥʪʝʛʨʘʪʦʨʦʤ 
ʯʘʩʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʧʘʜʢʫ ʪʘ ʙʣʦʢʦʤ çsgnè, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʘ ʟʤʝʥʰʫʻ ʘʤʧʣʽʪʫʜʠ 5 ʪʘ 7 
ʛʘʨʤʦʥʽʢ, ʚʽʜʧʦʚʽʜʥʦ, ʚ 4 ʪʘ 6 ʨʘʟʽʚ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʢʦʥʘʥʦ 
ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʘ ʢʦʚʟʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʰʦʩʪʫ ʛʘʨʤʦʥʽʢʫ ʫ ʨʘʟʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 
ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 5 ʪʘ 7 ʛʘʨʤʦʥʽʢ ʚ ʜʚʘ ʨʘʟʠ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʘʨʽʘʥʪʘ: 1) ʚʠʩʦʢʦ ʩʝʣʝʢʪʠʚʥʽ IIR ʬʽʣʴʪʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʮʽʡ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ; 2) FIR ʬʽʣʴʪʨʠ, 
ʢ̫ʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʘ ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʦʢʨʫʛʣʝʥʥʷ ʽ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʠʡ 
ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʪʨʠʬʘʟʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ. 
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ʉʊɺʆʈɽʅʅʗ ʉɽʅʉʆʈʅʀʍ ʇʈʆʌɯʃɯɺ ɺʀʅ ɿ ʉʆʈʊʋ ʈʀʉʃɯʅɻ ʈɽʁʅʉʔʂʀʁ 

ʂʈɸɰʅ ɭɺʈʆʇʀ, ɸʄɽʈʀʂʀ ɯ ʆʂɽɸʅɯɰ ʊɸ ɰʍ ʇʆʈɯɺʅʗʃʔʅɸ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ 
 
ˠ ̨̖̏̅ ̨̝̅̏̒̌̅̇̆̎ ̒̓̃̏̑̆̎̏ ̒̆ ̨̎̒̏̑̎ ̨̨̐̑̏̌̕ ̃̉̎ ̈ ̒̏̑̓̔ ˝̨̉̒̌̎̄ ˝̝̆̊̎̒̋̉̊ ̩̋̑́̎ ˰̃̑̏̐̉ȟ ˍ̍̆̑̉̋̉ ̩ ˛̨̩̋̆́̎  

̓́ ̩̖ ̨̠̝̐̏̑̃̎̌̎́ ̖́̑́̋̓̆̑̉̒̓̉̋́ȟ  ̨̐̑̏́̎́̌̈̏̃́̎̏ ̨̗̟̒̉̓̔́ ̈ ̗̃̉̑̏̂̎̉̓̃̏̍ ̓́ ̠̒̐̏̇̉̃́̎̎̍ ̃̉̎ ̈ ̒̏̑̓̔ 
˝̨̉̒̌̎̄ ˝̝̆̊̎̒̋̉̊ ̃ ˠ̨̩̋̑́̎Ƞ ̐̑̏̃̆̅̆̎̏ ̨̨̃̅̂̑ ̨̈̑́̈̋̃ ̃̉̎ ̈ ̒̏̑̓̔ ˝̨̉̒̌̎̄ ˝̆̊ ̝̎̒̋̉̊ȟ ̖̃̉̑̏̆̎̉̚ ̃ ˠ̨̩̋̑́̎ȟ ˰̃̑̏̐̉ ̓́ 
̩̖̋̑́̎́ ˚̏̃̏̄̏ ˞̨̃̓̔Ƞ ̑̏̈̑̏̂̌̆̎̏ ̨̨̗̅̆̄̔̒̓́̊̎ ̐̑̏̓̏̋̏̌̉ ̓́ ̒̓̃̏̑̉̓̉ ̨̒̆̎̒̏̑̎ ̨̨̐̑̏̌̕ ̃̉̎́ ̈ ̒̏̑̓̔ ˝̨̉̒̌̎̄ȟ 
̨̈̄̅̎̏ ̈ ̨̍̇̎́̑̏̅̎̉̍̉ ̨̓̆̑̍̎́̍̉ ̒̆̎̒̏̑̎̏̄̏ ̨́̎́̌̈̔Ƞ ̐̑̏̃̆̅̆̎̏ ̨̠̠̐̏̑̃̎̎̎ ̖̒̆̎̒̏̑̎̉ ̨̨̐̑̏̌̃̕ ̃̉̎ ̈ ̒̏̑̓̔ 
˝̨̉̒̌̎ ̄ ˝̝̆̊̎̒̋̉̊ ̓́  ̠̃̉̃̌̆̎̏ ̨̝̔̎̋́̌̎̉̊ ̒̆̎̒̏̑̎̉̊ ̨̝̐̑̏̌̕ ̨̘̠̖̃̓̉̈̎̎̉ ̃̉̎ ̈ ̒̏̑̓̔ ˝̨̉̒̌̎̄ ˝̝̆̊̎̒̋̉̊Ȣ ˠ ̨̖̏̅ 
̨̐̑̏̃̆̅̆̎̎ ̆̋̒̐̆̑̉̍̆̎̓̔ ̈́̒̓̏̒̔̃́̌̉ ̍̆̓̏̅̉ ̒̆̎̒̏̑̎̏̄̏ ̨́̎́̌̈̔ ̅̆̒̋̑̉̐̓̎̏-̨̝̐̑̏̌̎̉̊̕ ̓ ́ ̂́̌̏̃̉̊ ̍̆̓̏̅̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̃̉̎̏ȟ ˝̨̉̒̌̎̄ ˝̝̆̊̎̒̋̉̊ȟ ̅̆̒̋̑̉̐̓̏ ̑ȟ ̒̆̎̒̏̑̎̉̊ ̨̝̐̑̏̌̕ȟ ̂́̌́̎̒Ȣ 
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CREATION OF SENSORY PROFILES OF RIESLING WINES FROM EUROPE, AMERICA AND OCEANIA AND 

THEIR COMPARATIVE C HARACTERISTICS  
 

Effective work at the winery is possible only if the final result is taken into account. Riesling wines have a different organoleptic 
profile depending on the country of cultivation, zone, climate and weather conditions. High temperatures affect the high concentration of 
TDN in the berry, more moderate forms herbal, fruit and mineral descriptors. Of course, work at the winery is also important. This work 
presents the results of the research of seven Riesling wines from different countries of the world: France, Italy, Germany, Austria, Ukraine, 
New Zealand and Australia. All wines are from the same harvest year and are made using similar technology. Looking at the possible 
difference in grape clones, terroir and yeast, the author understands the discrepancy in descriptors, but the main criteria for wine quality are 
objective indicators. The most important indicators of the quality of wines are balance and aftertaste, the whole range of descriptors and 
indicators of taste, in the end, should answer two questions - how good is the balance and long aftertaste. The higher the score, the higher the 
quality of the product. The analysis carried out by the author shows that the Riesling wines produced in New Zealand, Austria and Germany 
received the highest indicators of balance and aftertaste. These same samples received the highest points according to the scoring method, in 
addition, the first two have the highest ratings in the categories "aroma intensity" and "taste intensity". Another important criterion of wines 
from the Riesling variety - minerality - is also the largest in the above three wines. The Ukrainian sample turned out to have good descriptors 
of berry, floral and stone aromas, and has good acidity. These data may indicate the peculiarity of the Ukrainian terroir, but still require 
additional research. The obtained data can be used to improve the organoleptic profile of Riesling wines grown in Ukraine. 

Keywords: wine, Riesling, descriptor, sensory profile, balance, aftertaste. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʂʦʞʥʠʡ ʩʦʨʪ ʚʠʥʦʛʨʘʜʫ ʤʘʻ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʽ ʧʝʨʝʜʘʻ ʚʠʥʫ. ɿʘ ʮʠʤʠ ʦʟʥʘʢʘʤʠ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʷʢ ʪʝʨʨʫʘʨʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ, ʪʘʢ ʽ ʚʥʘʩʣʽʜʦʢ ʧʨʘʮʽ ʚʠʥʦʨʦʙʽʚ, ʢʽʥʮʝʚʠʡ ʩʧʦʞʠʚʘʯ ʤʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʙʨʘʪʠ ʩʘʤʝ ʪʝ, ʱʦ ʡʦʤʫ ʜʦ ʚʧʦʜʦʙʠ. ʅʘ ʚʠʥʘ, ʟʦʢʨʝʤʘ  ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ, ʤʘʶʪʴ ʚʧʣʠʚ 

ʪʘʢʽ ʢʣʘʩʪʝʨʠ ʬʘʢʪʦʨʽʚ ʷʢ ʫʤʦʚʠ ʥʘ ʚʠʥʦʛʨʘʜʥʠʢʫ (ʢʣʽʤʘʪ, ʚʦʣʦʛʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʩʦʥʮʷ, ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ, ˇʨʫʥʪʠ, 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚʠʥʦʛʨʘʜʥʠʢʘ ʚʽʜʥʦʩʥʦ ʩʪʦʨʽʥ ʩʚʽʪʫ); ʟʙʽʨ ʚʨʦʞʘʶ (ʟʨʽʣʽʩʪʴ ʷʛʽʜ, ʢʽʣʴʢʽʩʪʴ ʮʫʢʨʫ ʪʘ ʢʠʩʣʦʪ, 

ʷʢʽʩʪʴ ʷʛʽʜ, ʩʧʦʩʽʙ ʟʙʦʨʫ ʚʨʦʞʘʶ, ʤʝʪʦʜʠ ʪʘ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ); ʪʝʭʥʦʣʦʛʽʷ (ʤʽʩʪʢʦʩʪʽ, ʜʨʽʞʜʞʽ, ʥʘʷʚʥʽʩʪʴ 

ʛʨʝʙʝʥʽʚ, ʗʄɿ,  ʪʝʭʥʦʣʦʛʽʷ ʩʶʨʣ,̔ ʚʠʪʨʠʤʢʘ ʚ ʤʽʩʪʢʦʩʪʷʭ, ʚʠʪʨʠʤʢʘ ʚ ʧʣʷʰʮʽ ʪʦʱʦ). ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʻ 

ʪʝ, ʱʦ ʚʠʥʘ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʥʝ ʚʠʪʨʠʤʫʶʪʴʩʷ ʚ ʥʦʚʠʭ ʜʫʙʦʚʠʭ ʙʦʯʢʘʭ [1]. 

ʆʯʝʚʠʜʥʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʨʝʣʝʚʘʥʪʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʚʠʥʘ ʤʘʶʪʴ ʤʘʪʠ ʦʜʥʘʢʦʚʫ, ʘʙʦ ʙʣʠʟʴʢʫ ʪʝʭʥʦʣʦʛʽʶ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʇʦʜʽʙʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚ ʩʚʽʪʽ ʥʝ ʽʩʥʫʻ, ʢʨʽʤ ʪʦʛʦ, ʤʘʣʦ ʻ ʨʦʙʽʪ, ʜʝ ʙʫʣʦ ʙ 

ʦʩʚʽʪʣʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʥ ʟ ʩʚʽʪʦʚʠʤʠ ʘʥʘʣʦʛʘʤʠ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʢʘʚʝ ʪʠʤ, 

ʱʦ ʜʘʩʪʴ ʚʽʜʧʦʚʽʜʽ ʷʢ ʥʘ ʧʨʠʢʣʘʜʥʽ ʟʘʧʠʪʘʥʥʷ (ʧʦʣʦʞʝʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʩʝʨʝʜ 

ʩʚʽʪʦʚʠʭ ʘʥʘʣʦʛʽʚ ʪʘ ʨʦʟʨʦʙʢʘ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʧʣʘʥʽʚ ʜʣʷ ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʨʦʙʥʠʢʽʚ ʜʣʷ ʟʥʘʡʦʤʩʪʚʘ ʟʽ 

ʩʧʦʞʠʚʘʯʝʤ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʨʦʜʘʞʽʚ), ʪʘʢ ʽ ʥʘ ʥʘʫʢʦʚʽ ʟʘʧʠʪʘʥʥʷ, ʪʘʢʽ ʷʢ çʏʠʤ ʩʘʤʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷè, 

çʗʢʽ ʧʨʠʯʠʥʠ ʨʽʟʥʠʮʽ?è, çʗʢʽ ʤʝʪʦʜʠ ʚʧʨʦʚʘʜʠʪʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ?è ʪʘ ʪ.ʧ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟ ʧʦʨʽʚʥʷʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʨʦʬʽʣʽʚ ʚʠʥ ʋʢʨʘʾʥʠ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ ï ʮʝ ʥʦʚʠʡ ʧʦʛʣʷʜ 

ʜʣʷ ʯʠʥʥʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʟʥʘʥʴ, ʷʢʽ ʜʦʧʦʤʦʞʫʪʴ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʧʠʪʘʥʴ ʟ ʷʢʦʩʪʽ ʥʘ ʨʦʟʧʠʰʫʪʴ ʧʦʜʘʣʴʰʽ 

ʢʨʦʢʠ ʚʠʥʦʨʦʙʩʪʚʘ ʋʢʨʘʥʾʠ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 

ɺʠʥʦ ʥʘʨʦʜʞʫʻʪʴʩʷ ʥʘ ʚʠʥʦʛʨʘʜʥʠʢʫ ʽ ʮʶ ʘʢʩʽʦʤʫ ʥʝʤʦʞʣʠʚʦ ʚʠʨʽʰʠʪʠ ʽʥʘʢʰʝ. ɺ ʚʘʩ ʘʙʦ ʻ ʧʦʪʨʽʙʥʽ 

ʫʤʦʚʠ, ʘʙʦ ʈʠʩʣʽʥʛ ï ʥʝ ʚʘʰ ʚʠʙʽʨ. ɿʫʧʠʥʠʤʦʩʴ ʥʘ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ï ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʜʦʟʨʽʚʘʥʥʷ ʦʨʽʻʥʪʘʮʽʷ 

ʚʠʥʦʛʨʘʜʥʠʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʘ ʘʙʦ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʘ, ʩʦʥʷʯʥʠʭ ʜʥʽʚ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 

150, ˇʨʫʥʪʠ ʤʘʶʪʴ ʙʫʪʠ ʤʽʣʢʦʟʝʨʥʠʩʪʽ, ʢʨʝʤ'ʷʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʠʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʥʝ ʙʽʣʴʰʝ 10 0ʉ [2]. 

ʉʪʠʣʴ ʈʠʩʣʽʥʛʘ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʨʦʪʦʢʦʣʫ ʥʘ ʚʠʥʦʨʦʙʥʽ  ï ʯʠ ʟʙʠʨʘʻʪʴʩʷ ʚʠʥʦʛʨʘʜ ʟʘ 

ʦʜʠʥ ʧʨʦʭʽʜ ʯʠ ʢʽʣʢʘ ʨʘʟʽʚ (ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ ʧʣʦʜʠ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʶ ʟʨʽʣʦʩʪʽ), ʥʘʩʢʽʣʴʢʠ ʚʠʥʦʛʨʘʜ ʻ ʜʦʟʨʽʣʠʤ 

ʽ ʢʦʣʠ ʡʦʛʦ ʟʙʠʨʘʶʪʴ, ʯʠ ʧʨʝʩʫʶʪʴ ʚʠʥʦʛʨʘʜ ʨʘʟʦʤ ʟ ʛʨʝʙʝʥʝʤ, ʷʢ ʡʦʛʦ ʧʦʜʨʽʙʥʶʶʪʴ, ʯʠ ʧʨʠʩʫʪʥʽʡ ʙʦʪʨʠʪʠʩ 

ʽ ʚ ʷʢʽʡ ʢʽʣʴʢʦʩʪʽ, ʦʩʚʽʪʣʶʻʪʴʩʷ ʩʽʢ ʧʝʨʝʜ ʬʽʣʴʪʨʘʮʽʻʶ ʯʠ ʧʽʩʣʷ, ʧʽʜʽʛʨʽʚʘʻʪʴʩʷ ʩʝʨʝʜʘ ʬʝʨʤʝʥʪʘʮʽʾ ʯʠ 

ʦʭʦʣʦʜʞʫʻʪʴʩʷ, ʷʢʠʡ ʢʦʥʪʘʢʪ ʩʫʩʣʘ ʟʽ ʰʢʽʨʢʦʶ, ʯʠ ʧʝʨʝʨʠʚʘʻʪʴʩʷ ʬʝʨʤʝʥʪʘʮʽʷ, ʯʠ ʜʦʜʘ̒ ʪʴʩʷ ʱʦʩʴ ʫ ʚʠʥʦ ʜʣʷ 

ʟʤʽʥʠ ʧʨʦʬʽʣʶ [3]. 

ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʫʟʘʛʘʣʴʥʝʥʦ ʦʧʠʩʫʶʪʴ ʙʘʛʘʪʦ ʘʚʪʦʨʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʦʧʠʩ ʧʝʨʚʠʥʥʠʭ ʘʨʦʤʘʪʽʚ ʈʠʩʣʽʥʛʘ ï ʞʦʚʪʠʡ ʧʝʨʩʠʢ, ʣʘʡʤ, ʛʨʫʰʘ, ʛʨʝʡʧʬʨʫʪ, ʘʙʨʠʢʦʩ, ʯʦʨʥʘ 

ʩʤʦʨʦʜʠʥʘ, ʪʨʘʚʠ, ʧʨʷʥʦʱʽ, ʢʚʽʪʠ, ʚʪʦʨʠʥʥʠʭ ï ʪʦʩʪ ʪʘ ʙʽʪʫʤ (ʜʝʩʢʨʠʧʪʦʨ ʜʣʷ TDN ï 1,1,6-ʪʨʠʤʝʪʠʣ-1,2-

ʜʽʛʽʜʨʦʥʘʬʪʘʣʽʥ) [1]. 

ʋ 2022 ʨʦʮʽ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʝ ʚʠʷʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʤʦʣʝʢʫʣ TDN ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ʧʨʦʷʚʘ 

ʪʨʝʪʠʥʥʠʭ ʘʨʦʤʘʪʽʚ,  ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʽ ʢʽʣʴʢʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʩʚʽʪʣʘ ʥʘ ʚʠʥʦʛʨʘʜʥʠʢʫ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ 

ʜʦʟʨʽʚʘʥʥʷ ʷʛʽʜ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʠʡ ʧʦʢʘʟʥʠʢ ʚʠʱʝʟʛʘʜʘʥʠʭ ʤʦʣʝʢʫʣ ʙʫʚ ʫ ʷʛʽʜ, ʟʽʙʨʘʥʠʭ ʟ ʚʠʥʦʛʨʘʜʥʠʢʽʚ ʟ 

ʚʠʩʦʢʦʶ ʝʢʩʧʦʟʠʮʽʻʶ [4]. 

ɺʽʜʦʤʠʡ M.W. Jackson [5] ʫ 2019 ʨʦʮʽ ʥʘʧʠʩʘʚ ʢʥʠʛʫ, ʜʝ ʦʩʥʦʚʥʠʤ ʦʧʠʩʦʤ ʜʣʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʩʦʨʪʫ 

ʚʠʥʦʛʨʘʜʫ ʻ ʩʫʢʫʧʥʽʩʪʴ ʩʦʣʦʜʢʦʩʪʽ, ʪʘʥʽʥʽʚ ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ. ʅʘ ʮʴʦʛʦ ʚʯʝʥʦʛʦ ʜʫʤʢʫ, ʈʠʩʣʽʥʛ ï ʮʝ ʩʦʨʪ ʟ 

ʷʩʢʨʘʚʦʶ ʢʠʩʣʦʪʥʽʩʪʶ, ʷʢʘ ʻ ʡʦʛʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʨʠʩʦʶ. ʁʦʛʦ ʢʠʩʣʦʪʥʽʩʪʴ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ 

ʩʦʨʪʽʚ ʤʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʽ ʚʽʜʯʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʚʩʝ ʪʽʣʦ ʚʠʥʘ. ɯʥʰʽ ʡʦʛʦ ʧʘʨʘʤʝʪʨʠ - ʬʨʫʢʪʦʚʽʩʪʴ, 

ʮʫʢʦʨ, ʘʣʢʦʛʦʣʴ ï ʥʘʯʝʙʪʦ ʢʨʫʞʣʷʶʪʴ ʥʘʚʢʦʣʦ ʢʠʩʣʦʪʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʊʘʢʦʞ ʻ ʯʠʤʘʣʦ ʜʦʩʣʽʜʽʚ, ʜʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʩʝʥʩʦʨʥʦʤʫ ʘʥʘʣʽʟʫ ʚʠʪʨʠʤʘʥʠʭ ʈʠʩʣʽʥʛʽʚ, ʜʝ 

ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʜʠʥʘʤʽʢʘ ʨʦʟʚʠʪʢʫ ʪʘ ʦʮʽʥʶʶʪʴ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʩʘʤʝ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʥ [6]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʻ: ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʨʦʬʽʣʽʚ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʢʨʘʾʥ 

ɭʚʨʦʧʠ, ɸʤʝʨʠʢʠ  ̔ʆʢʝʘʥʽʾ  ʪʘ ʾʭ ʧʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʽ ʟʘʚʜʘʥʥʷ : ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʠʪʫʘʮʽʶ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ 

ʩʧʦʞʠʚʘʥʥʷʤ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʚ ʋʢʨʘʾʥʽ; ʧʨʦʚʝʩʪʠ ʚʽʜʙʽʨ ʟʨʘʟʢʽʚ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ 

ʈʝʡʥʩʴʢʠʡ, ʚʠʨʦʱʝʥʠʭ ʚ ʋʢʨʘʾʥʽ, ɭʚʨʦʧʠ ʪʘ ʢʨʘʾʥʘʭ ʅʦʚʦʛʦ ʉʚʽʪʫ; ʨʦʟʨʦʙʠʪʠ ʜʝʛʫʩʪʘʮʽʡʥʽ ʧʨʦʪʦʢʦʣʠ ʪʘ 

ʩʪʚʦʨʠʪʠ ʩʝʥʩʦʨʥʽ ʧʨʦʬʽʣʽ ʚʠʥʘ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ, ʟʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʪʝʨʤʽʥʘʤʠ ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʫ [7].; 

ʧʦʨʽʚʥʷʪʠ ʩʝʥʩʦʨʥʽ ʧʨʦʬʽʣʽ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʪʘ ʟʥʘʡʪʠ ʫʥʽʢʘʣʴʥʠʡ ʩʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ 

ʚʽʪʯʠʟʥʷʥʠʭ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʪʘ ʟʦʥʠ ʡʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʩʪʦʩʫʚʘʣʠ ʤʝʪʦʜʠ ʩʝʥʩʦʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʝʩʢʨʠʧʪʦʨʥʦ - ʧʨʦʬʽʣʴʥʠʡ 

ʪʘ ʙʘʣʦʚʠʡ ʤʝʪʦʜʠ [8, 9].  ɼʣʷ ʜʝʩʢʨʠʧʪʦʨʥʦ ï ʧʨʦʬʽʣʴʥʦʛʦ ʤʝʪʦʜʘ ʨʦʟʨʦʙʣʝʥʘ 10-ʪʠʙʘʣʴʥʘ ʰʢʘʣʘ, ʜʣʷ 

ʙʘʣʦʚʦʛʦ ʤʝʪʦʜʫ ʚʠʢʦʨʠʩʪʘʥʘ 100-ʙʘʣʴʥʘ ʩʠʩʪʝʤʘ ʦʮʽʥʦʢ ʟʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ OIV. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʝʜʝʥʦ ʜʝʛʫʩʪʘʮʽʡʥʦʶ ʢʦʤʽʩʽʻʶ ʫ ʢʽʣʴʢʦʩʪʽ 12 ʝʢʩʧʝʨʪʽʚ ʟʛʽʜʥʦ ʟ ʤʽʞʥʘʨʦʜʥʠʭ ʚʠʤʦʛ [10]. ɼʣʷ ʩʢʣʘʜʘʥʥʷ 

ʩʝʥʩʦʨʥʦʛʦ ʧʨʦʬʽʣʶ ʚʠʢʦʨʠʩʪʘʣʠ ʯʠʥʥʫ ʪʝʨʤʽʥʦʣʦʛʽʶ ʪʘ ʝʪʘʣʦʥʥʽ ʟʨʘʟʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʥʘʤ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʢʦʧʠʯʝʥʠʡ ʜʦʩʚʽʜ ʝʢʩʧʝʨʪʽʚ. 

ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʠʡ  ̒ʟʨʘʟʢʠ ʩʪʦʣʦʚʠʭ ʙʽʣʠʭ ʚʠʥ: Hugel, ʌʨʘʥʮʽʷ; St. Mihael Eppan, ɯʪʘʣʽʷ; 

Loimer, ɸʚʩʪʨʽʷ; Nik Weis, ɻʝʨʤʘʥʽʷ; Framingham. ʅʦʚʘ ɿʝʣʘʥʜʽʷ; Piter Lehman, ɸʚʩʪʨʘʣʽʷ; Chateau Chizay, 

ʋʢʨʘʾʥʘ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʦ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ ʩʢʣʘʜʘʣʠʩʷ ʩʧʨʠʷʪʣʠʚʽ ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʠʪʢʫ ʚʠʥʦʨʦʙʩʪʚʘ ʪʘ ʽʤʧʦʨʪʫ ʚʠʥʘ. 

ɿʚʠʯʘʡʥʦ, ʙʫʣʠ ʡ ʩʚʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɸʥʘʣʽʟʫʶ ʘʩʧʝʢʪʽ ʨʦʟʚʠʪʢʫ ʚʠʥʦʨʦʙʩʪʚʘ ʥʘ ʋʢʨʘʾʥʠ, ʤʦʞʣʠʚʦ ʚʽʜʤʽʪʠʪʝ 

ʥʘʩʪʫʧʥʽ ʧʦʟʠʪʠʚʥʽ ʪʘ ʥʝʛʘʪʠʚʥʽ ʨʫʭʠ. 

ʇʦʟʠʪʠʚʥʽ ʨʫʭʠ ʥʘ ʤʘʢʨʦʨʽʚʥʽ. ʋʢʨʘʾʥʘ ʽʩʪʦʨʠʯʥʦ ʚʠʥʥʘ ʢʨʘʾʥʘ, ʥʘʰʽ ʥʘʱʘʜʢʠ ʚʠʨʦʱʫʚʘʣʠ ʚʠʥʦʛʨʘʜ 

ʪʘ ʨʦʙʠʣʠ ʟ ʥʴʦʛʦ ʚʠʥʦ ʟ ʜʘʚʥʽʭ ʯʘʩʽʚ, ʪʦʞ ʧʦʚʝʨʥʫʪʠʩʷ ʜʦ ʚʞʠʚʘʥʥʷ ʚʠʥʘ ʥʘʤ (ʧʽʩʣʷ ʨʘʜʷʥʩʴʢʦʾ ʩʧʘʜʱʠʥʠ ʟ 

ʾʾ ʩʫʭʠʤʠ ʟʘʢʦʥʘʤʠ ʽ ʩʧʝʮʠʬʽʯʥʠʤ ʧʦʛʣʷʜʦʤ ʥʘ ʚʠʥʦʨʦʙʩʪʚʦ) ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʣʝʛʰʝ, ʥʽʞ, ʩʢʘʞʝʤʦ, ʢʨʘʾʥʘʤ ʜʝ 

ʩʪʦʣʽʪʪʷʤʠ ʚʞʠʚʘʣʠ ʚʠʢʣʶʯʥʦ ʤʽʮʥʽ ʥʘʧʦʾ. ʅʘ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʟ'ʷʚʠʣʠʩʷ ʧʨʦʬʝʩʽʡʥʽ ʦʧʝʨʘʪʦʨʠ, ʷʢʽ ʚʢʣʘʜʘʶʪʴ 

ʟʫʩʠʣʴ ʚ ʦʩʚʽʪʫ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʽ ʢʨʽʤ ʮʴʦʛʦ ʟʘʚʦʟʷʪʴ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʽʤʧʦʨʪʥʦʛʦ ʷʢʽʩʥʦʛʦ ʚʠʥʘ. 

ɹʝʟʫʤʦʚʥʦ ʮʝ ʩʪʚʦʨʶʻ ʚʠʙʘʛʣʠʚʦʛʦ ʧʦʢʫʧʮʷ ʽ ʜʣʷ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ʪʘ ʥʝ ʤʦʞʝ ʥʝ ʧʦʟʥʘʯʠʪʠʩʷ ʥʘ 

ʷʢʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʧʨʦʜʫʢʪʫ.  ɺ ʋʢʨʘʾʥʽ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʙʘʛʘʪʴʦʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, ʜʫʞʝ ʧʦʧʫʣʷʨʥʘ ʪʘ 

ʨʦʟʚʠʥʫʪʘ ʧʨʦʬʝʩʽʷ ʩʦʤʝʣʴʻ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʩʚʦʾʤ ʨʦʟʚʠʪʢʦʤ ʚʦʥʘ ʟʦʙʦʚ'ʷʟʘʥʘ ʣʶʜʷʤ, ʷʢʽ ʩʪʦʷʣʠ ʥʘ ʾʾ ʯʦʣʽ ʱʝ 

ʚ ʢʽʥʮʽ 90-ʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ (ʚʽʜ ʽʤʧʦʨʪʝʨʽʚ, ʷʢʽ ʧʽʜʪʨʠʤʫʚʘʣʠ ʩʦʤʝʣʴʻ, ʜʦ ʢʝʨʽʚʥʠʢʽʚ ʰʢʽʣ, ʷʢʽ ʚʢʣʘʜʘʣʠʩʷ 

ʚ ʨʽʚʝʥʴ ʾʭ ʟʥʘʥʥʷ). ɿ ʜʨʫʛʦʾ - ʷʢʽʩʥʽ ʧʨʦʜʫʢʪʠ ʪʘ ʘʛʨʘʨʥʘ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʢʨʘʾʥʠ ʧʨʠʟʚʝʣʠ ʜʦ ʨʦʩʪʫ 

ʨʝʩʪʦʨʘʥʥʦʾ ʩʬʝʨʠ. ɿ ʪʨʝʪʴʦʾ ʩʪʦʨʦʥʠ ʫʢʨʘʾʥʮʽ ʟʘʚʞʜʠ ʣʶʙʠʣʠ ʥʝ ʧʨʦʩʪʦ ʧʦʾʩʪʠ ʽ ʚʠʧʠʪʠ, ʘ ʩʤʘʢʫʚʘʪʠ. ʊʦʞ 

ʢʦʞʝʥ ʨʝʩʪʦʨʘʥ ʩ ʙʽʣʴʰ ʥʽʞ 40 ʧʦʟʠʮʽʡ ʫ ʚʠʥʥʽʡ ʢʘʨʪʽ ʩʪʘʚ ʟʘʧʨʦʰʫʚʘʪʠ ʥʘ ʨʦʙʦʪʫ ʩʦʤʝʣʴʻ. ɺʞʝ 3 ʨʦʢʠ ʚ 

ʋʢʨʘʾʥʽ ʧʨʘʮʶʻ ʢʦʤʽʪʝʪ ʧʦ ʥʘʡʤʝʥʫʚʘʥʥʷʭ ʟʘ ʧʦʭʦʜʞʝʥʥʷʤ, ʷʢʠʭ ʯʠʤʘʣʦ ʟʨʦʙʠʚ ʽ ʜʣʷ ʚʠʥʥʠʭ ʥʘʡʤʝʥʫʚʘʥʴ. 
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ʅʝʛʘʪʠʚʥʽ ʨʫʭʠ. ɼʦʩʽ ʥʝʤʘʻ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘ ʟʘʢʦʥʦʜʘʚʯʦʤʫ ʨʽʚʥʽ, ʷʢʝ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʦ 

ʚʠʥʦʚʠʨʦʙʥʠʢʘʤ ʛʽʜʥʽ ʫʤʦʚʠ ʜʣʷ ʢʦʥʢʫʨʝʥʮʽʾ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʪʘʮʽʡ ʮʽʥʠ ʥʘ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʥʝ 

ʚʠʪʨʠʤʫʻ ʥʽʷʢʦʾ ʢʦʥʢʫʨʝʥʮʽʾ ʟ ʟʘʢʦʨʜʦʥʥʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʅʠʟʴʢʘ ʧʦʢʫʧʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʫʢʨʘʾʥʮʽʚ ʨʦʙʠʪʴ 

ʥʝʚʠʛʽʜʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʧʦʰʫʢʦʤ ʟʝʤʝʣʴ, ʢʣʦʥʽʚ, ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʰʦʛʦ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʨʦʛʠʭ ʚʠʥ. ɿ 

24.02.2022 ʜʦ ʮʠʭ ʧʨʠʯʠʥ ʜʦʜʘʣʘʩʷ ʚʽʡʥʘ, ʷʢʘ ʥʝ ʪʽʣʴʢʠ ʟʨʫʡʥʫʚʘʣʘ ʜʦʩʷʛʥʝʥʥʷ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ, ʘʣʝ ʡ 

ʩʪʘʚʠʪʴ ʧʽʜ ʩʫʤʥʽʚ ʤʘʡʙʫʪʥʽ ʧʝʨʩʧʝʢʪʠʚʠ. 

ʋ 2014 ʨʽʮʽ ʩʧʦʞʠʚʘʥʥʷ ʽʤʧʦʨʪʥʠʭ ʙʽʣʠʭ ʚʠʥ ʜʦ ʯʝʨʚʦʥʠʭ ʩʪʘʥʦʚʠʣʦ 60 ʥʘ 40, ʪʦʙʪʦ ʥʘ ʢʦʞʥʽ ʰʽʩʪʴ 

ʢʫʧʣʝʥʠʭ ʧʣʷʰʦʢ ʟ ʙʽʣʠʤ ʚʠʥʦʤ ʧʨʦʜʘʞʽ ʯʝʨʚʦʥʦʛʦ ʩʪʘʥʦʚʠʣʠ ʚʩʴʦʛʦ ʯʦʪʠʨʠ ʧʣʷʰʢʠ. ʊʘʢʘ ʩʪʘʪʠʩʪʠʢʘ ʥʝ 

ʥʦʚʠʥʘ, ʟʘʛʘʣʴʥ ̔ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʩʤʘʢʽʚ ʚʠʥʘ ʽʜʝ ʟʘ ʩʭʝʤʦ  ʁʚʽʜ ʩʦʣʦʜʢʦʛʦ ʜʦ ʩʫʭʦʛʦ, ʚʽʜ ʙʽʣʦʛʦ ʜʦ 

ʯʝʨʚʦʥʦʛʦ ʪʘ ʚʽʜ ʘʨʦʤʘʪʥʦʛʦ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ. ʊʦʙʪʦ ʩʦʣʦʜʢʽ ʙʽʣʽ ʘʨʦʤʘʪʥʽ ʚʠʥʘ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʚʠʪʢʫ ʚ 

ʚʠʥʥʽʡ ʢʫʣʴʪʫʨʽ ʙʫʜʫʪʴ ʤʘʪʠ ʥʘʡʙʽʣʴʰʠʡ ʧʦʧʠʪ [12]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʤʧʦʨʪ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʟ 11 ʢʨʘʾʥ ʪʘ ʙʽʣʴʰ ʷʢ 50 

ʊʄ. ʅʘʡʙʽʣʴʰʠʤ ʚ ʢʽʣʴʢʽʩʥʦʤʫ ʝʢʚʽʚʘʣʝʥʪʽ ʻ ʚʠʥʘ ʟ ʮʽʥʦʶ ʜʦ 250 ʛʨʥ, ʥʘʡʙʽʣʴʰʠʤ ʢʘʥʘʣʦʤ ʟʙʫʪʫ ï 

ʥʘʮʽʦʥʘʣʴʥʽ ʤʝʨʝʞʽ (ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʝʤʠ ʢʦʤʧʘʥʽʡ ʣʽʜʝʨʽʚ ʨʠʥʢʫ ʟʘ 2020 ʨʽʢ). 

ɺ ʭʦʜʽ ʩʝʥʩʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʷʜ ʚʠʨʦʙʥʠʢʽʚ ʋʢʨʘʾʥʠ, ʷʢʽ ʚʠʨʦʙʣʷʶʪʴ ʚʠʥʘ ʟ ʩʦʨʪʫ 

ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ, ʩʘʤʝ : ʐʘʙʦ, ʂʦʣʦʥʩ̔ʪ, ɺʠʥʭʦʣ ʆʢʩʘʤʠʪʥʝ, ɹʦʣʛʨʘʜʩʴʢʠʡ ʚʠʥʦʨʦʙʥʠʡ ʟʘʚʦʜ, Vinaria, 

Koblevo, ɯʥʢʝʨʤʘʥ, ʊʨʫʙʝʮʢʦʡ, ɺʠʥʘ ɻʫʣʽʻʚʠʭ, Beykush, ʂʫʨʽʥʴ, ʄʘʨʴʷʥ ʐʝʚʯʝʥʢʦ, ʂʣʘʨʘ ʄʘʨʩʘʣʘ, ʐʘʪʦ 

ʏʠʟʘʡ, Cotnar, ʂʘʨʣ ʐʦʰʘ, ɺʘʩʠʣʴ ʅʘʜʷ, Muska, Bohdans winery, Old Town, ɺʽʪʘʣʽʡ ʄʘʣʘʥʯʫʢ, ɻʨʠʛʦʨʽʡ 

ʂʫʣʽʥʠʯʝʥʢʦ, Wine Idea, Korus wine, ɼʨʶʢʽʚʩʴʢʽ ʚʠʥʘ, ʅʘʨʦʚʠʣʦ. 

ʇʦʧʨʠ ʫʩʽ ʩʢʣʘʜʥʦʩʪʽ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʚʠʷʚʣʝʥʦ, ʱʦ ʫ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʻ ʚʝʣʠʢʽ 

ʧʝʨʩʧʝʢʪʠʚʠ ʷʢ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʧʦʧʠʪʫ. ʅʘʡʙʽʣʴʰʫ ʜʝʛʫʩʪʘʮʽʡʥʫ ʦʮʽʥʢʫ ï 91,5 ʙʘʣʘ ʦʪʨʠʤʘʚ 

ɿʨʘʟʦʢ ˉ1, ʚʠʨʦʙʥʠʢʘ ʢʨʘʾʥʠ ʅʦʚʘ ɿʝʣʘʥʜʽʷ (ʪʘʙʣʠʮʷ 1). ɺʠʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʨʦʤʘʪʫ, 

ʥʘʡʜʦʚʰʠʤ ʧʽʩʣʷʩʤʘʢʦʤ ʪʘ ʥʘʡʚʠʱʠʤ ʨʽʚʥʝʤ ʙʘʣʘʥʩʫ (ʨʠʩ. 1). 

 

ʊʘʙʣʠʮʷ 1 

ʉʝʥʩʦʨʥʘ ʦʮʽʥʢʘ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʘʣʦʚʦʛʦ ʤʝʪʦʜʫ 

ʂʨʘʾʥʠ ʅʦʚʘ ɿʝʣʘʥʜʽʷ ɸʚʩʪʨʽʷ ɻʝʨʤʘʥʽʷ ɸʚʩʪʨʘʣʽʷ ɯʪʘʣʽʷ ʌʨʘʥʮʽʷ ʋʢʨʘʾʥʘ 

ˉ ʟʨʘʟʢʘ 1 2 3 4 5 6 7 

ʅʘʟʚʘ 

ʟʨʘʟʢʘ  
Framingham Loimer Nik Weis 

Piter 

Lehman 

St. Mihael 

Eppan 
Hugel 

Chateau 

Chizay 

ɹʘʣʠ 91,5 89 87,9 87,7 86,9 86,3 82,5 

 

 

ɺʠʥʦ ɸʚʩʪʨʽʾ ʚʽʜ ʚʠʨʦʙʥʠʢʘ Loimer ʦʪʨʠʤʘʣʦ 89 ʙʘʣʽʚ (ʪʘʙʣʠʮʷ 1). ʎʝ ʩʘʤʠʡ ʤʽʥʝʨʘʣʴʥʠʡ ʟʨʘʟʦʢ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʠʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʽʚ ʪʘ ʩʤʘʢʽʚ (ʨʠʩ. 2). ɺʽʜ ʣʽʜʝʨʘ ʡʦʛʦ ʚʽʜʨʽʟʥʷʻ ʤʝʥʰ ʜʦʚʰʠʡ ʧʽʩʣʷʩʤʘʢ. 

ɿʨʘʟʦʢ ˉ 3 ʦʪʨʠʤʘʚ 87,9 ʙʘʣʘ (ʪʘʙʣʠʮʷ 1). ɻʝʨʤʘʥʩʴʢʠʡ ʈʽʩʣʽʥʛ ʚʽʜ Weis ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʬʘʚʦʨʠʪʽʚ ʤʝʥʰʠʤ 

ʨʽʚʥʝʤ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʩʢʨʠʧʪʦʨʽʚ, ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʮʫʢʨʦʤ ʪʘ ʥʠʞʯʠʤ ʨʽʚʥʝʤ ʙʘʣʘʥʩʫ (ʨʠʩ. 3). 

 

 

 
ʈʠʩ. 1. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Framingham, ʅʦʚʘ ɿʝʣʘʥʜʽʷ 
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ʈʠʩ. 2. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Nik Weis, ɸʚʩʪʨʽʷ 

 

ʈʠʩʣʽʥʛ ʚʽʜ Lehman ʟ ɸʚʩʪʨʘʣʽʾ ʧʽʜ ʥʦʤʝʨʦʤ 4 ʤʘʻ 87,7 ʙʘʣʘ (ʪʘʙʣʠʮʷ 1). ɼʚʽ ʜʝʩʷʪʽ ʙʘʣʘ ʚʽʥ ʚʪʨʘʪʠʚ, 

ʚ ʦʩʥʦʚʥʦʤʫ ʯʝʨʝʟ ʪʨʦʭʠ ʥʠʞʯʠʡ ʨʽʚʝʥʴ ʙʘʣʘʥʩʫ, ʥʽʞ ʫ ʥʽʤʝʮʴʢʦʛʦ ʘʥʘʣʦʛʘ (ʨʠʩ. 4). ɯʪʘʣʽʡʩʴʢʠʡ ʟʨʘʟʦʢ ʚʽʜ 

ʚʠʨʦʙʥʠʢʘ St. Mihael Eppan ʦʪʨʠʤʘʚ 86.9 ʙʘʣʽʚ (ʪʘʙʣʠʮʷ 1). 

 

 
ʈʠʩ. 3. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Nik Weis, ɻʝʨʤʘʥʽʷ 

 

 
ʈʠʩ. 4. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Piter Lehman, ɸʚʩʪʨʘʣʽʷ 

 

ʇʦʧʨʠ ʯʠ ʥʝ ʦʜʥʫ ʟ ʥʘʡʢʨʘʱʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ, ʚʽʥ ʤʘʻ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʽ 

ʧʦʢʘʟʥʠʢʠ ʧʽʩʣʷʩʤʘʢʫ ʪʘ ʙʘʣʘʥʩʫ (ʨʠʩ. 5). ɺʠʥʦ ʌʨʘʥʮʽʾ ʟ ʨʝʛʽʦʥʫ ɽʣʴʟʘʩ ʦʪʨʠʤʘʣʦ 86,3 ʙʘʣʘ (ʪʘʙʣʠʮʷ 1). 

ʁʦʛʦ ʧʨʦʬʽʣʴ ʤʘʡʞʝ ʢʦʧʽʶʻ ʧʨʦʬʽʣʽ ʬʘʚʦʨʠʪʽʚ, ʘʣʝ ʥʘ ʤʝʥʰʠʭ ʨʽʚʥʷʭ ʷʢʦʩʪʽ (ʨʠʩ. 6). ɿʨʘʟʦʢ ˉ 7, 

ʫʢʨʘʾʥʩʴʢʠʡ ʈʠʩʣʽʥʛ ʚʽʜ ʚʠʨʦʙʥʠʢʘ Chateau Chizay ʦʪʨʠʤʘʚ 82,5 ʙʘʣʘ (ʪʘʙʣʠʮʷ 1). 

ɺ ʦʩʥʦʚʥʦʤʫ ʪʘʢʘ ʦʮʽʥʢʘ ʩʢʣʘʣʘʩʷ ʯʝʨʝʟ ʥʠʟʴʢʽʡ ʨʽʚʝʥʴ ʙʘʣʘʥʩʫ ʪʘ ʢʦʨʦʪʢʠʡ ʧʽʩʣʷʩʤʘʢ (ʨʠʩ. 7). 

ʈʘʟʦʤ ʩ ʪʠʤ ʮʝ ʧʦʢʘʟʫʻ, ʱʦ ʫʢʨʘʾʥʩʴʢʝ ʚʠʥʦ ʤʘʻ ʧʦʪʝʥʮʽʘʣ. ʄʘʻʤʦ ʥʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʙʘʣʘʥʩʫ (ʨʠʩ. 8). ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʮʫʢʨʫ ʜʦ ʢʠʩʣʦʪʥʦʩʪʽ. ʑʦ, ʩʚʦʻ  ʁʯʝʨʛʦʶ, ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʤʘʣʦʾ 

ʢʽʣʴʢʦʩʪʽ ʮʫʢʨʫ ʥʘ ʤʦʤʝʥʪ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. 

 

 
ʈʠʩ. 5. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling St. Mihael Eppan, ɯʪʘʣʽʷ 

 

 
ʈʠʩ. 6. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Hugel, ʌʨʘʥʮʽʷ 
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ʅʘʡʥʠʞʯʠʡ ʨʽʚʝʥʴ ʧʽʩʣʷʩʤʘʢʫ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʥʠʟʴʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʘʨʦʤʘʪʫ ʪʘ ʩʤʘʢʫ (ʨʠʩ. 8). ʎʝ 

ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʥʝʜʦʩʪʘʪʥʴʦʾ ʬʝʥʦʣʴʥʦʾ ʟʨʽʣʦʩʪʽ ʷʛʽʜ ʥʘ ʤʦʤʝʥʪ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ. 

ɸʥʘʣʽʟʫʶ ʩʪʚʦʨʝʥ ̔ ʧʨʦʬʽʣʽ ʚʠʥ ʨʽʟʥʠʭ ʢʨʘʾʥ ʪʘ ʧʨʠ ʾʭ ʧʦʨʽʚʥʷʥʽ, ʚʠʷʚʣʝʥʦ, ʱʦ ʤʘʡʞʝ ʚʩʽ 

ʜʝʩʢʨʠʧʪʦʨʠ, ʢʨʽʤ ʪʨʦʧʽʯʥʠʭ ʬʨʫʢʪʽʚ ʻ ʫ ʥʘʷʚʥʦʩʪʽ ʫʢʨʘʾʥʩʴʢʦʛʦ ʈʠʩʣʽʥʛʫ, ʮʝ ʤʦʞʝ ʙʫʪʠ ʧʨʦʷʚʦʤ ʘʙʦ 

ʥʘʩʣʽʜʢʦʤ ʪʝʨʨʫʘʨʫ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʾ ʟʨʽʣʦʩʪʽ ʷʛʽʜ ʥʘ ʤʦʤʝʥʪ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ (ʨʠʩ. 7). 

 

 
ʈʠʩ. 7. ʉʝʥʩʦʨʥʠʡ ʧʨʦʬʽʣʴ Riesling Chateau Chizay, ʋʢʨʘʾʥʘ 

 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʩʢʨʠʧʪʦʨʘ ʷʛʽʜ ʤʘʡʞʝ ʥʘʡʙʽʣʴʰʠʭ ʩʝʨʝʜ ʫʩʽʭ ʈʠʩʣʽʥʛʽʚ ʫ ʚʽʪʯʠʟʥʷʥʦʛʦ ʟʨʘʟʢʘ. 

ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʤʦʞʝ ʙʫʪʠ ʪʠʤ ʩʘʤʠʤ ʫʥʽʢʘʣʴʥʠʤ ʜʝʩʢʨʠʧʪʦʨʦʤ, ʧʨʠʪʘʤʘʥʥʠʤ ʜʣʷ ʫʢʨʘʾʥʩʴʢʦʛʦ ʈʠʩʣʽʥʛʫ. 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝʨʝʜ ʽʥʰʠʭ ʨʝʛʽʦʥʽʚ, ʜʝ ʟʨʦʱʫʻʪʴʩʷ ʜʘʥʠʡ 

ʩʦʨʪ. ɼʝʩʢʨʠʧʪʦʨ ʢʚʽʪʽʚ ʩʭʦʞʠʡ ʧʦ ʨʽʚʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʦ ʽʪʘʣʽʡʩʴʢʦʛʦ ʪʘ ʥʽʤʝʮʴʢʦʛʦ ʘʥʘʣʦʛʽʚ (ʨʠʩ. 8) 

ɼʘʥʠʡ ʚʠʩʥʦʚʦʢ ʮʽʢʘʚʠʡ ʪʠʤ, ʱʦ, ʤʦʞʣʠʚʦ, ʈʠʩʣʽʥʛ Chizay ʤʘʻ ʣʦʟʠ ʟ ʥʽʤʝʮʴʢʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, ʜʝ ʣʦʟʠ 

ʢʫʧʫʶʪʴ ʽ ʘʚʩʪʨʽʡʩʴʢʽ ʚʠʥʦʨʦʙʠ.  

 

 
ʈʠʩ. 8. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʝʥʩʦʨʥʠʭ ʧʨʦʬʽʣʝʡ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʢʠʡ,  

ʚʠʨʦʱʝʥʠʭ ʚ ʋʢʨʘʾʥʽ, ɭʚʨʦʧʽ ʪʘ ʢʨʘʥʾʘʭ ʅʦʚʦʛʦ ʉʚʽʪʫ. 

 

ɸʨʦʤʘʪʠ ʢʽʩʪʦʯʢʦʚʠʭ ʬʨʫʢʪʽʚ ʪʘ ʤʽʥʝʨʘʣʽʚ, ʭʦʯ ʽ ʧʨʠʩʫʪʥʽ ʚ ʈʠʩʣʽʥʛʫ ʋʢʨʘʾʥʠ, ʘʣʝ ʤʝʥʰ ʟʘ ʚʩʝ 

ʚʠʨʘʞʝʥʽ (ʨʠʩ. 7). ʆʙʠʜʚʘ ʜʝʩʢʨʠʧʪʦʨʠ ʻ ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʥ ʟ ʩʦʨʪʫ ʈʠʩʣʽʥʛ ʈʝʡʥʩʢɹʠʡ. ʊʝ, ʱʦ 

ʾʭ ʨʽʚʝʥʴ ʟʥʘʯʥʦ ʥʠʞʯʠʡ, ʘʥʽʞ ʚ ʽʥʰʠʭ ʟʨʘʟʢʽʚ, ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʥʝ ʧʦʚʥʦʾ ʬʝʥʦʣʴʥʦʾ ʜʦʟʨʽʣʦʩʪʽ 

ʷʛʽʜ. 

ʂʠʩʣʦʪʥʽʩʪʴ ʪʘ ʘʣʢʦʛʦʣʴ ʚ ʫʢʨʘʾʥʩʴʢʦʛʦ ʈʠʩʣʽʥʛʫ ʟʘʡʤʘʶʪʴ ʪʘʢʽ ʞ ʤʝʞʽ, ʷʢ ʽ ʚ ʧʦʨʽʚʥʶʚʘʣʴʥʠʭ 

ʟʨʘʟʢʘʭ (ʨʠʩ. 8). ʎʽ ʜʚʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʢʨʠʪʝʨʽʾ ʜʣʷ ʙʘʣʘʥʩʫ ʚʠʥʘ ʜʫʞʝ ʚʘʞʣʠʚʽ ʪʘ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʢʽʥʮʝʚʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʟʨʘʟʢʘ. ʑʦʜʦ ʮʫʢʨʫ ï ʚʽʥ ʚʽʜʯʫʚʘʻʪʴʩʷ ʥʘ ʨʝʮʝʧʪʦʨʘʭ ʥʘʡʤʝʥʰʝ. ʎʝ ʱʝ 

ʦʜʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠʧʫʱʝʥʥʶ ʧʨʦ ʜʦʩʪʘʪʥʴʦ ʨʘʥʥʽʡ ʟʙʽʨ ʚʨʦʞʘʶ, ʢʦʣʠ ʽ ʬʝʥʦʣʴʥʘ ʟʨʽʣʽʩʪʴ, ʽ ʮʫʢʦʨ, ʥʝ 

ʜʦʩʷʛʣʠ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ. ʊʘʢ, ʟʚʠʯʘʡʥʦ, ʮʝ ʤʦʛʣʦ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʫʤʠʩʥʠʭ ʜʽʡ ʚʠʥʦʨʦʙʘ, ʽ ʮʽʣʣʶ ʙʫʣʦ 

ʦʪʨʠʤʘʪʠ ʩʘʤʝ ʪʘʢʝ ʚʠʥʦ, ʘʙʦ ʞ ʽʥʰʽ ʧʨʠʯʠʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʥʘ ʚʠʥʦʨʦʙʥʽ. ʅʘʰʘ 

ʤʝʪʘ ï ʥʝ ʟʥʘʡʪʠ ʧʦʤʠʣʢʠ, ʘ ʟʥʘʡʪʠ ʟʦʥʠ ʨʦʩʪʫ ʷʢʦʩʪʽ. ʅʝ ʟʘʙʦʨʦʥʠʪʠ ʚʠʥʦʨʦʙʫ ʨʦʙʠʪʠ ʚʠʥʦ ʥʘ ʩʚ̔ʡ ʨʦʟʩʫʜ, ʘ 

ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʽʥʰʠʤ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʟ ʯʠʥʥʦʛʦ ʜʦʩʚʽʜʫ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤ ̔

ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʠʪʫʘʮʽʷ, ʱʦʜʦ ʨʠʥʢʫ ʩʧʦʞʠʚʘʥʥʷ ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʥ ʟ ʩʦʨʪʫ 

ʈʠʩʣʽʥʛ ʈʝʡʥʩʴʢʠʡ, ʷʢ ʚʽʪʯʠʟʥʷʥʠʭ, ʪʘʢ ʽ ʽʤʧʦʨʪʥʠʭ ʟʨʘʟʢʽʚ, ʨʦʟʨʦʙʣʝʥʽ ʧʦ ʧʦʨʽʚʥʷʥʽ ʤʽʞ ʩʦʙʦʶ ʩʝʥʩʦʨʥʽ 

ʧʨʦʬʽʣʽ ʩʝʤʠ ʢʨʘʾʥ ɭʚʨʦʧʠ ʥʘ ʅʦʚʦʛʦ ʩʚʽʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʋʢʨʘʾʥʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫʢʨʘʾʥʩʴʢʠʡ ʈʠʩʣʽʥʛ 

ʈʝʡʥʩʴʢʠʡ ʤʘʻ ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʠʡ ʷʛʽʜʥʠʡ ʜʝʩʢʨʠʧʪʦʨ, ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʩʢʨʠʧʪʦʨʽʚ ʢʚʽʪʽʚ 

ʪʘ ʢʽʩʪʦʯʢʦʚʠʭ ʬʨʫʢʪʽʚ, ʪʘ ʛʘʨʥʫ ʢʠʩʣʦʪʥʽʩʪʴ. ɺʘʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʮʝ ʤʦʞʝ ʩʪʦʩʫʚʘʪʠʩʷ ʪʽʣʴʢʠ ʈʠʩʣʽʥʛʽʚ 

ʟ ʟʦʥʠ ɿʘʢʘʨʧʘʪʪʷ, ʟʚʽʜʢʠ ʨʦʜʦʤ ʚʠʨʦʙʥʠʢ Chizay. ɼʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʪʨʝʙʫʻ ʧʝʨʝʚʽʨʢʠ ʚ ʤʘʡʙʫʪʥʽʭ ʨʦʙʦʪʘʭ. 

ɺʠʷʚʣʝʥʽ ʜʘʥʽ ʱʦʜʦ ʙʘʣʘʥʩʫ ʪʘ ʧʽʩʣʷʩʤʘʢʫ ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʰʣʷʭʠ ʱʦʜʦ ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʈʠʩʣʽʥʛʫ, ʷʢ ʪʦ 

ï ʙʽʣʴʰ ʧʽʟʥʽʡ ʟʙʽʨ ʚʨʦʞʘʶ, ʚʠʪʨʠʤʢʘ ʥʘ ʦʩʘʜʫ ʽ ʪ.ʽ. ɼʣʷ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʧʨʠʯʠʥ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʧʦʚʥʠʡ ʘʥʘʣʽʟ 

ʚʠʥʦʤʘʪʝʨʽʘʣʫ, ʷʢʫ ʘʚʪʦʨ ʤʘʻ ʥʘʤʽʨ ʟʨʦʙʠʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. 
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ʇʨʦ ʧʨʠʡʥʷʪʪʷ ʪʘ ʩʢʘʩʫʚʘʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. ï 2019. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 
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DEVELOPMENT OF THE CONCEPT OF BUILDING DIAGNOSTIC SYSTEM S OF ROTATING ELECTRICAL 

MACHINES UNDER THE CONDITIONS OF LIMITED INFORMATIONALITY OF DIAGNOSTIC SIGNS  
 

The article examines the peculiarities of the construction of systems for diagnosing rotating electric machines in the real 
conditions of their operation. It is shown that in the specified modes of operation there is a problem of limited informativeness of input 
information parameters that can be used to build such systems. At the same time, an additional limiting factor that must be considered when 
designing and implementing such equipment is the limited possibility of intervention in the design of the electric machine, which is usually 
limited to the manufacturing plant. 

As a result of a thorough analysis of the latest research in the direction of the development of diagnostic systems for rotating 
electric machines, a systematization of the technological parameters of electric machines that are most suitable for use in diagnostic systems 
was carried out. It is shown that when choosing input parameters of diagnostic systems, it is advisable to consider their informativeness, 
selectivity, expressiveness and complexity of the acquisition algorithm. At the same time, it is substantiated that the choice of the optimal 
combination of diagnostic features cannot be considered from the point of view of superposition, since each of them will be characterized by 
the entropy of selectivity and severity relative to defects of different types. 

The expediency of choosing the type of input information of diagnostic systems based on the method of evolutionary search is 
shown. It is demonstrated that the mentioned method allows to more completely cover the search space than, for example, gradient 
optimization methods, and to obtain a solution close to the optimal one in a relatively short time (a small number of iterations). 

The concept and typical structural diagram of the system for diagnosing rotating electric machines based on a modified non-
standard artificial neural network (ANN) and the structure of the ANN itself, which considers the current mode of operation of the electric 
machine during diagnosis and is characterized by high adaptability to the object of diagnosis, are proposed. An example of its hardware 
implementation is given. 

Key words: rotating electric machine, diagnostics, informative feature, informativeness, selectivity, expressiveness, artificial neural 
network. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʩʫʪʪʻʚʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʷʢ 

ʦʙʤʝʞʝʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʪʨʫʯʘʥʥʷ ʫ ʾʭ ʢʦʥʩʪʨʫʢʮʽʶ (ʟʜʽʡʩʥʝʥʥʷ ʷʢʦʛʦ ʟʘʟʚʠʯʘʡ ʚʚʘʞʘʻʪʴʩʷ ʛʨʫʙʠʤ 

ʧʦʨʫʰʝʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ), ʪʘʢ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʦʩʪʘʥʥʽʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʜʠʥʘʤʽʯʥʽʩʪʶ ʨʦʟʚʠʪʢʫ ʜʝʬʝʢʪʽʚ [1, 2]. 

ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʪʠʧʦʚʠʤ ʧʽʜʭʦʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʭ ʷʢ ʩʪʨʫʤ, 

ʥʘʧʨʫʛʘ, ʚʽʙʨʦʩʠʛʥʘʣ, ʢʣʽʨʝʥʩ ʪʦʱʦ, ʷʢʽ ʻ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʟ ʜʦʩʪʘʪʥʴʦʶ ʰʚʠʜʢʦʜʽʻʶ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ʇʨʦ ʪʝ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʫ ʩʢʣʘʜʥʽʩʪʴ 

ʝʣʝʢʪʨʠʯʥʠʭ, ʤʘʛʥʽʪʥʠʭ ʪʘ ʤʝʭʘʥʽʯʥʠʭ ʟʚôʷʟʢʽʚ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʨʦʙʦʪʽ ʦʙʝʨʪʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʻ 

ʦʯʝʚʠʜʥʠʤ, ʱʦ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʜʝ ʩʫʪʪʻʚʦ ʦʙʤʝʞʝʥʦʶ. ɿʘʟʥʘʯʝʥʘ ʦʙʩʪʘʚʠʥʘ ʜʦʜʘʪʢʦʚʦ 
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ʫʩʢʣʘʜʥʶʚʘʪʠʤʝʪʴʩʷ ʽ ʾʭ ʦʙʤʝʞʝʥʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʜʦʚʦʣʽ ʰʠʨʦʢʽʡ ʥʦʤʝʥʢʣʘʪʫʨʽ ʤʦʞʣʠʚʠʭ 

ʟʙʫʨʶʶʯʠʭ ʬʘʢʪʦʨʽʚ ʪʠʧʦʚʠʤ ʷʚʠʱʝʤ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ ʦʟʥʘʢ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʙʫʜʝ ʙʣʠʟʴʢʽʩʪʴ ʾʭ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʚʽʜʛʫʢʫ ʧʨʠ ʜʽʾ ʨʽʟʥʠʭ ʦʙʫʤʦʚʣʶʶʯʠʭ ʯʠʥʥʠʢʽʚ [1, 2]. 

ʊʦʞ, ʚʨʘʭʦʚʫʶʯʠ ʩʢʘʟʘʥʝ, ʻ ʦʯʝʚʠʜʥʦʶ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʾ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʾ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʜʽʘʛʥʦʩʪʫʶʯʠʭ ʦʟʥʘʢ, ʱʦ ʜʦʟʚʦʣʷʣʘ ʙ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘ 

ʫʤʦʚ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʦʙʤʝʞʝʥʴ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʻ ʟʙʽʣʴʰʝʥʥʷ ʧʠʪʦʤʦʾ ʚʘʛʠ ʩʠʩʪʝʤ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ ʜʦ ʢʣʘʩʫ ʩʠʩʪʝʤ ʟ ʚʠʢʣʶʯʥʦʶ ʩʢʣʘʜʥʽʩʪʶ [3, 4]. ɻʦʣʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤ ʮʴʦʛʦ 

ʢʣʘʩʫ ʻ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʚôʷʟʢʽʚ ʪʘ (ʘʙʦ) ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ, ʢʣʘʩʠʯʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʷʢʠʭ ʻ 

ʥʝʤʦʞʣʠʚʠʤ ʘʙʦ ʥʝʜʦʮʽʣʴʥʠʤ ʚʥʘʩʣʽʜʦʢ ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʤʦʜʝʣʽ, ʱʦ ʨʦʙʠʪʴ ʾʾ ʥʝʧʨʠʜʘʪʥʦʶ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [4, 5]. ʊʠʧʦʚʦʶ ʟʘʜʘʯʝʶ ʪʘʢʦʛʦ ʪʠʧʫ, ʱʦ ʤʘʻ ʟʥʘʯʥʠʡ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʪʘ 

ʧʦʚôʷʟʘʥʘ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʘʥʘʣʽʟʫ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʫ ʩʠʩʪʝʤʽ, ʷʢʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʠʩʪʝʤ 

ʚʠʢʣʶʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ, ʻ ʟʘʜʘʯʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ [6].  

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘ ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʚʽʪʦʚʦʛʦ ʜʦʩʚʽʜʫ ʫ ʩʬʝʨʽ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʢʦʥʪʨʦʣʶ ʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ [1, 7-9] ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʠʪʠ 

ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʭ ʦʟʥʘʢ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʩʪʘʥʥʽʭ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʌɯɿʀʏʅɯ ɺɽʃʀʏʀʅʀ, ʐʆ ɺʀʂʆʈʀʉʊʆɺʋʖʊʔʉʗ ʇʈʀ 

ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʆɹɽʈʊʆɺʀʍ ɽʃɽʂʊʈʀʏʅʀʍ 

ʄɸʐʀʅ

ɽʣʝʢʪʨʠʯʥʽ ʄʘʛʥʽʪʥʽʄʝʭʘʥʽʯʥʽ ʊʝʨʤʽʯʥʽ

ʉʪʨʫʤ (ʫ ʩʪʘʪʦʨʥʦʤʫ 

ʪʘ ʨʦʪʦʨʥʦʤʫ ʢʦʣʽ, 

ʧʫʩʢʦʚʠʡ, ʘʩʠʤʝʪʨʽʷ 

ʩʪʨʫʤʽʚ ʪʦʱʦ)

ɽʈʉ (ʨʦʪʦʨʘ ʪʘ 

ʩʪʘʪʦʨʘ)

ʉʧʦʞʠʚʘʥʘ 

ʧʦʪʫʞʥʽʩʪʴ (ʘʢʪʠʚʥʘ 

ʪʘ ʨʝʘʢʪʠʚʥʘ)

ʄʘʛʥʽʪʥʠʡ ʧʦʪʽʢ ʯʠ 

ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ ʚ 

ʟʘʟʦʨʽ

ʄʘʛʥʽʪʦʨʫʰʽʡʥʘ ʩʠʣʘ

ʄʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ 

ʧʦʣʷ ʨʦʪʦʨʘ

ʂʘʨʪʠʥʘ ʟʦʚʥʽʰʥʴʦʛʦ 

ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʤʘʰʠʥʠ

ʄʝʭʘʥʽʯʥʠʡ ʤʦʤʝʥʪ

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ

ʈʘʜʽʘʣʴʥʠʡ 

ʚʽʙʨʦʩʠʛʥʘʣ 

(ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, 

ʚʽʙʨʦʰʚʠʪʢʽʩʪʴ ʪʘ 

ʚʽʙʨʦʟʤʽʱʝʥʥʷ)

ʂʣʽʨʝʥʩ

ʆʩʴʦʚʝ ʟʤʽʱʝʥʥʷ 

ʨʦʪʦʨʘ

ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʦʢ 

ʩʪʘʪʦʨʘ ʪʘ ʨʦʪʦʨʘ

ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ 

ʚʫʟʣʽʚ

ʊʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʦʾ 

ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ 

ʤʘʰʠʥʠ

ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʭʦʣʦʜʞʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ

 
ʈʠʩ. 1. ʌʽʟʠʯʥʽ ʚʝʣʠʯʠʥʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ 

 

ɿʘʟʥʘʯʝʥʽ ʦʟʥʘʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʪʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʾʭ ʦʧʪʠʤʘʣʴʥʠʭ ʢʦʤʙʽʥʘʮʽʡ ʪʘ 

ʧʨʦʤʽʞʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ ʪʝʦʨʝʪʠʯʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʟ ʚʠʩʦʢʦʶ ʚʽʨʦʛʽʜʥʽʩʪʶ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʝ ʣʠʰʝ ʬʘʢʪ ʥʘʷʚʥʦʩʪʽ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʜʝʬʝʢʪʫ, ʘ ʡ ʧʦʪʝʥʮʽʡʥʦ ʚʠʷʚʣʷʪʠ ʤʽʩʮʝ ʡʦʛʦ 

ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ ʯʘʩ ʡʦʛʦ ʨʦʟʚʠʪʢʫ [1, 5, 6, 9].  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ʆʩʢʽʣʴʢʠ ʧʦʙʫʜʦʚʘ ʯʽʪʢʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʤʝʭʘʥʽʯʥʠʭ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʪʘ ʪʝʨʤʽʯʥʠʭ ʟʘôʷʟʢʽʚ 

ʦʙʝʨʪʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʣʠʚʦʶ, ʝʣʝʢʪʨʠʯʥʫ ʤʘʰʠʥʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

çʯʦʨʥʫ ʩʢʨʠʥʴʢʫè. ʊʦʙʪʦ ʤʦʜʝʣʶʚʘʪʠ ʥʝ ʾʾ ʩʪʨʫʢʪʫʨʫ, ʘ ʟʦʚʥʽʰʥʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [6]. ʊʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʦʩʪʘʥʥʶ ʜʦʮʽʣʴʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʟʘʜʘʯʫ ʬʦʨʤʫʣʶʚʘʥʥʷ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʤʙʽʥʘʮʽʾ ʚʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʟʥʘʢ ʪʘ ʧʽʜʟʘʜʘʯʫ ʨʦʟʨʦʙʢʠ ʩʪʨʫʢʪʫʨʠ ʐʅʄ, ʱʦ ʷʚʣʷʣʘʩʷ ʙ 

ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʨʠʡʥʷʪʪʷ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʫ. 

 

ʈʦʟʨʦʙʢʘ ʢʨʠʪʝʨʽʶ ʚʠʙʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ 

ɼʦ ʛʦʣʦʚʥʠʭ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʟʥʘʢ, ʱʦ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʫ ʩʠʩʪʝʤʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ [3, 4]: 

- ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ; 

- ʚʠʨʘʞʝʥʽʩʪʴ; 

- ʩʝʣʝʢʪʠʚʥʽʩʪʴ; 

- ʩʢʣʘʜʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʦʪʨʠʤʘʥʥʷ (ʨʦʟʨʘʭʫʥʢʫ). 
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ʇʨʠ ʮʴʦʤʫ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʱʦ ʤʘʻ ʧʨʽʦʨʠʪʝʪʥʦ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʧʨʠ ʚʠʙʦʨʽ ʚʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʩʘʤʝ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ, ʷʢʘ ʤʘʪʝʤʘʪʠʯʥʦ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʦʶ ʷʢ 

ʫʤʦʚʥʘ ʝʥʪʨʦʧʽʷ: 

( ) ( ) ( ) log ( ),
x k

K k k
H p x P P

X x x
=-ä ä      (1) 

ʜʝ  X ï ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʘʨʘʤʝʪʨ (ʬʽʟʠʯʥʘ ʚʝʣʠʯʠʥ); ʂ ï ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʪʘʥʽʚ 

ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʝʬʝʢʪʥʠʭ); x ï ʤʦʞʣʠʚʽ ʟʥʘʯʝʥʥʷ (ʜʽʘʧʘʟʦʥʠ ʟʥʘʯʝʥʴ) ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʧʘʨʘʤʝʪʨʫ; k ï ʤʦʞʣʠʚʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʩʪʘʥʠ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʝʬʝʢʪʥʽ) ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. 

ʇʨʦ ʪʝ, ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʥʝ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʩʫʧʝʨʧʦʟʠʮʽʾ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʽʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠʤʝʪʴʩʷ ʥʝʦʜʥʘʢʦʚʦʶ ʩʝʣʝʢʪʠʚʥʽʩʪʶ ʪʘ 

ʚʠʨʘʞʝʥʽʩʪʶ ʚʽʜʥʦʩʥʦ ʜʝʬʝʢʪʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ [1, 10, 11]. ɺʨʘʭʦʚʫʶʯʠ ʮʝ, ʦʯʝʚʠʜʥʦʶ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, 

ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʪʘ ʤʦʞʣʠʚʠʭ ʜʝʬʝʢʪʽʚ.  

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʦʟʥʘʢ, ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʾʭ ʩʠʩʪʝʤʘʪʠʟʘʮʽʶ, ʱʦ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2  

 

 
ʈʠʩ. 2. ʉʠʩʪʝʤʘʪʠʟʘʮʽʷ ʤʝʪʦʜʽʚ, ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʽʜʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ 
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ʈʠʩ. 3. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

 

ʉʝʨʝʜ ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 2 ʤʝʪʦʜʽʚ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʚʠʢʣʠʢʘʻ ʤʝʪʦʜ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʦʰʫʢʫ. ɺʽʥ 

ʷʚʣʷʻ ʩʦʙʦʶ ʝʚʦʣʶʮʽʡʥʠʡ ʘʣʛʦʨʠʪʤ, ʱʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʨʘʮʶʻ ʟ ʧʽʜʤʥʦʞʠʥʦʶ ʧʦʪʝʥʮʽʡʥʠʭ ʨʦʟʚôʷʟʢʽʚ. 

ʂʦʞʝʥ ʢʘʥʜʠʜʘʪ ʥʘ ʦʧʪʠʤʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʭʨʦʤʦʩʦʤʦʶ ï ʙʽʪʦʚʠʤ ʨʷʜʢʦʤ ʟ k ʝʣʝʤʝʥʪʽʚ, ʜʝ k 

ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʦʟʥʘʢ, ʱʦ ʦʧʠʩʫʶʪʴ ʦʙôʻʢʪ. ʗʢʱʦ ʦʟʥʘʢʘ ʙʝʨʝʪʴʩʷ ʜʦ ʨʦʟʛʣʷʜʫ ʚ 



 ˟̨̖̘̆̎ ̨̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ4, 2022 (311) 73 

ʧʦʪʦʯʥʦʤʫ ʨʦʟʚôʷʟʢʫ-ʢʘʥʜʠʜʘʪʽ, ʪʦ ʚʽʜʧʦʚʽʜʥʠʡ ʙʽʪ ʭʨʦʤʦʩʦʤʠ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʽʚʥʠʤ 1. ʇʝʨʝʚʘʛʦʶ 

ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʻ ʪʝ, ʱʦ ʚʽʥ ʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʭʦʜʫ ʟ ʣʦʢʘʣʴʥʠʭ ʦʧʪʠʤʫʤʽʚ ʽ ʧʨʠʩʪʦʩʦʚʘʥʠʡ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʥʦʚʠʭ ʨʽʰʝʥʴ ʟʘ ʨʘʭʫʥʦʢ ʦʙôʻʜʥʘʥʥʷ ʢʨʘʱʠʭ ʨʽʰʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʽʪʝʨʘʮʽʷʭ. ʊʘʢʠʡ 

ʧʦʰʫʢʫ, ʜʦʟʚʦʣʷʻ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʨʘʮʶʚʘʪʠ ʽʟ ʤʥʦʞʠʥʦʶ ʧʦʪʝʥʮʽʡʥʠʭ ʨʦʟʚôʷʟʢʽʚ ʦʜʥʦʯʘʩʥʦ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʭʦʧʠʪʠ ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ, ʙʣʠʟʴʢʠʡ ʜʦ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ 

ʯʘʩ [3,4]. 

 

ʈʦʟʨʦʙʢʘ ʢʦʥʮʝʧʮʽʾ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʆʩʢʽʣʴʢʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʝʤʠʥʫʯʝ ʧʝʨʝʜʙʘʯʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʣʦʛʽʯʥʠʭ ʚʠʩʥʦʚʢʽʚ, ʻ 

ʦʯʝʚʠʜʥʠʤ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʩʠʩʪʝʤʘ ʻ ʢʣʘʩʠʯʥʠʤ ʧʨʠʢʣʘʜʦʤ ʟʘʜʘʯʽ ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʯʥʦʛʦ ʚʠʩʥʦʚʢʫ ʚ 

ʩʠʩʪʝʤʘʭ ʚʠʢʣʶʯʥʦʾ ʩʢʣʘʜʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʧʦʜʽʙʥʦʾ ʤʝʨʝʞʽ. ʊʦʞ, ʘʣʛʦʨʠʪʤ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʟʘʜʘʯʽ ʪʘ 

ʩʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʝʡʨʦʧʦʜʽʙʥʦʾ ʤʝʨʝʞʽ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʦʢʨʝʤʦ ʫʟʷʪʠʡ ʫʥʽʢʘʣʴʥʠʡ ʚʠʧʘʜʦʢ, 

ʱʦ ʤʘʻ ʟʥʘʯʥʫ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʤʦʞʝ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʠʤ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʧʦʜʽʙʥʦʛʦ ʪʠʧʫ. 

ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʚʠʱʝ, ʧʦʙʫʜʦʚʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʝʨʝʜʙʘʯʘʻ ʧʦʧʝʨʝʜʥʽʡ ʚʠʙʽʨ ʧʝʨʝʣʽʢʫ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʦʟʥʘʢ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʧʦʜʘʚʘʪʠ ʫ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʐʅʄ. ʎʽ ʜʘʥʽ ʥʘʜʭʦʜʷʪʴ ʜʦ ʧʽʜʩʠʩʪʝʤʠ ʧʦʪʦʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʟʚʽʜʢʠ, ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʧʝʨʝʜʘʶʪʴʩʷ ʫ ʧʽʜʩʠʩʪʝʤʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʊʦʞ, ʩʪʨʫʢʪʫʨʘ 

ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 3. 

ʇʨʠ ʮʴʦʤʫ ʩʪʨʫʢʪʫʨʘ ʩʘʤʦʾ ʐʅʄ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʪʘʢ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʐʅʄ 
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ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʰʘʨ ʐʅʄ (ʥʝʡʨʦʥʠ ʷʢʦʛʦ ʧʦʟʥʘʯʝʥʽ ʢʚʘʜʨʘʪʠʢʘʤʠ ʽʟ ʮʠʬʨʦʶ 1 ʪʘ ʬʦʨʤʫʶʪʴ 

ʧʽʜʩʠʩʪʝʤʫ ʚʠʙʦʨʫ ʧʦʪʦʯʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ) ʤʽʩʪʠʪʴ K ʥʝʡʨʦʥʽʚ. ʂʦʞʝʥ ʥʝʡʨʦʥ ʮʴʦʛʦ ʰʘʨʫ ʦʪʨʠʤʫʻ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʪʦʯʥʽ ʧʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʦʩʪʘʥʥʴʦʾ. ʅʘ ʚʠʭʦʜʽ ʢʦʞʥʦʛʦ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʥʝʡʨʦʥʽʚ ʬʦʨʤʫʻʪʴʩʷ ʽʤʦʚʽʨʥʽʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʦʪʠ 

ʤʘʰʠʥʠ ʫ ʚʠʟʥʘʯʝʥʦʤʫ ʨʝʞʠʤʽ, ʪʘʢʦʤʫ ʷʢ: ʨʦʟʛʽʥ, ʟʫʧʠʥʢʘ, ʥʘʢʠʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʩʢʠʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʭʦʣʦʩʪʠʡ ʭʽʜ ʪʦʱʦ. 

ʌʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʦʞʥʦʛʦ ʽʟ ʥʝʡʨʦʥʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʐʅʄ ʬʦʨʤʫʶʪʴʩʷ ʫ ʨʝʟʫʣʴʪʘʪʽ 

ʧʝʨʝʜʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʪʘʪʠʩʪʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʘʰʠʥ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʢʣʘʩʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʐʅʄ, ʥʘʚʝʜʝʥʦʾ ʥʘ ʨʠʩ. 4 ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʥʦʤʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʧʽʜʩʠʩʪʝʤʠ ʚʠʙʦʨʫ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ, ʱʦ ʧʽʜʚʠʱʫʻ ʾʾ ʘʜʘʧʪʠʚʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʇʝʨʰʠʡ ʰʘʨ ʥʝʡʨʦʥʽʚ ʦʩʥʦʚʥʦʾ ʐʅʄ (ʧʦʟʥʘʯʝʥʠʡ ʮʠʬʨʦʶ 2) ʤʽʩʪʠʪʴ M ʥʝʡʨʦʥ, ʢʦʞʝʥ ʟ ʷʢʠʭ 

ʦʪʨʠʤʫʻ ʫʟʘʛʘʣʴʥʝʥʫ ʢʨʠʪʝʨʽʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʦʢʨʝʤʦ ʫʟʷʪʦʛʦ ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʢʨʠʪʝʨʽʶ, ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʨʘʟʦʤ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʦʪʦʯʥʠʡ ʨʝʞʠʤ 

ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʥʝʡʨʦʥʠ ʜʨʫʛʦʛʦ ʰʘʨʫ ʐʅʄ (ʧʦʟʥʘʯʝʥʽ ʮʠʬʨʦʶ 3). ʆʢʨʽʤ ʮʴʦʛʦ 

ʥʘ ʚʭʦʜʠ ʥʝʡʨʦʥʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ ʧʦʜʘʶʪʴʩʷ ʩʠʛʥʘʣʠ ʟ çɹʣʦʢʫ ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʝʭʥʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚè. ɻʦʣʦʚʥʦʶ ʟʘʜʘʯʝʶ ʟʘʟʥʘʯʝʥʦʛʦ ʙʣʦʢʫ ʻ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ: 

ʧʝʨʝʚʠʱʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʧʝʨʝʛʨʽʚ ʦʙʤʦʪʦʢ ʪʦʱʦ (ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʫʢʫʧʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʤʝʪʦʜʠʢʘ ʷʢʦʾ ʦʧʠʩʘʥʘ ʚʠʱʝ). 

ʉʧʨʘʮʶʚʘʥʥʷ ʥʝʡʨʦʥʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʪʦʜʽ, ʢʦʣʠ ʭʦʯʘ ʙ ʦʜʠʥ ʽʟ ʩʠʛʥʘʣʽʚ çɹʣʦʢʫ 

ʥʘʷʚʥʦʩʪʽ ʘʥʦʤʘʣʴʥʠʭ ʚʽʜʭʠʣʝʥʴ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚè ʧʝʨʝʚʠʱʫʚʘʪʠʤʝ ʚʩʪʘʥʦʚʣʝʥʝ ʥʦʨʤʦʚʘʥʝ ʟʥʘʯʝʥʥʷ. 

ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ ʥʝʡʨʦʥʽʚ ʜʨʫʛʦʛʦ ʰʘʨʫ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦʶ, ʷʢ: 
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ʜʝ  ȹŰ ï ʯʘʩʦʚʘ ʟʘʪʨʠʤʢʘ ʥʘ ʚʠʤʠʢʘʥʥʷ, ai ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ 

ʥʝʡʨʦʥ; a0 ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʫ; pi ï ʩʢʦʨʝʛʦʚʘʥʠʡ j-ʡ ʽʥʬʦʨʤʘʪʠʚʥʠʡ ʢʨʠʪʝʨʽʡ; ɣ(pi) ï ʬʫʥʢʮʽʷ 

ʚʧʣʚʫ ʩʢʦʨʝʛʦʚʘʥʦʛʦ j-ʛʦ ʽʥʬʦʨʤʘʪʠʚʥʦʛʦ ʢʨʠʪʝʨʽʶ; sing(ai - a0, ȹŰ) ï ʨʝʣʝʡʥʘ ʬʫʥʢʮʽʷ ʟ ʟʘʪʨʠʤʢʦʶ ʥʘ 

ʚʤʠʢʘʥʥʷ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʩʬʦʨʤʦʚʘʥʠʡ ʥʝʡʨʦʥʘʤʠ ʜʨʫʛʦʛʦ ʰʘʨʫ, 

ʥʦʩʠʪʠʤʝ ʽʤʦʚʽʨʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʝʨʝʚʠʱʝʥʥʷ ʧʝʚʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟʥʘʯʝʥʥʷ ʽʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ 

ʦʙʨʘʥʠʭ ʥʘʡʙʽʣʴʰ ʽʤʦʚʽʨʥʠʭ ʜʝʬʝʢʪʽʚ ʬʦʨʤʫʻ ʣʦʛʽʯʥʠʡ ʚʠʩʥʦʚʦʢ ʧʨʦ ʧʽʜʦʟʨʫ ʥʘ ʡʦʛʦ ʥʘʷʚʥʽʩʪʴ. 

 

ʇʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ɿʘʛʘʣʴʥʠʡ ʧʨʠʥʮʠʧ ʧʦʙʫʜʦʚʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʘʨʪʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʫʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ 

ʥʘʨʦʱʫʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ ʟ ʤʦʞʣʠʚʽʩʪʶ ʚʽʜʥʦʩʥʦ ʣʝʛʢʦʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʰʣʷʭʦʤ 

ʧʽʜʢʣʶʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʩʪʨʦʾ ʪʘ ʟʤʽʥʠ ʧʨʦʛʨʘʤʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤ. ʂʨʽʤ ʮʴʦʛʦ ʻ ʦʯʝʚʠʜʥʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʨʽʚʥʝʚʦʾ ʘʧʘʨʘʪʥʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ (ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ). ɿʦʢʨʝʤʘ, ʧʝʨʰʠʡ ʨʽʚʝʥʴ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʫ ʚʠʛʣʷʜʽ ʜʠʩʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 

(ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ), ʱʦ ʟʜʽʡʩʥʶʚʘʪʠʤʫʪʴ ʬʦʨʤʫʚʘʥʥʷ ʧʘʢʝʪʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʫ ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʚʠʛʣʷʜʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʩʢʣʘʜʥʦʩʪʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʜʦʩʪʫʧʥʦʾ ʘʧʘʨʘʪʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘ ʧʝʨʰʦʤʫ ʨʽʚʥʽ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʦʜʠʥ ʘʙʦ 

ʜʝʢʽʣʴʢʘ ʯʠʩʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ [12]. 

ɼʨʫʛʠʡ ʘʧʘʨʘʪʥʠʡ ʨʽʚʝʥʴ ʜʦʮʽʣʴʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʩʝʨʚʝʨʘ, ʱʦ 

ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʧʘʢʝʪʽʚ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʪʘ, ʟʘ ʧʦʪʨʝʙʠ, ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʾʭ ʦʩʥʦʚʽ 

ʚʠʩʦʢʦʽʥʬʦʨʤʘʪʠʚʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ɿ ʤʝʪʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʪʘ ʚʨʘʭʦʚʫʶʯʠ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʘʻ ʧʝʨʝʜʘʚʘʪʠʩʷ 

ʚʽʜ ʙʣʦʢʫ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʜʦ ʐʅʄ, ʟʘʟʥʘʯʝʥʽ ʘʣʛʦʨʠʪʤʽʯʥʽ ʦʧʝʨʘʮʽʾ ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʫ ʤʝʞʘʭ 

ʦʜʥʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ [12].  

ʋ ʥʘʡʧʨʦʩʪʽʰʦʤʫ ʚʠʧʘʜʢʫ, ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʜʠʥʠʯʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ 

ʩʪʨʫʢʪʫʨʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʤʘʪʠ ʚʠʛʣʷʜ, ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 5. 

ʇʨʠʩʪʨʽʡ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

n ʚʽʙʨʦʧʝʨʝʪʚʦʨʶʚʘʯʽʚ 11-1n ʟʜʽʡʩʥʶʶʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʨʽʚʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ, ʫ n ʢʣʶʯʦʚʠʭ 

ʚʫʟʣʘʭ ʘʛʨʝʛʘʪʫ, ʚ ʨʽʚʝʥʴ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʽʜʩʠʣʶʻʪʴʩʷ ʜʦ ʟʥʘʯʝʥʥʷ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʨʦʙʦʪʠ 

ʩʠʩʪʝʤʠ ʫ n ʤʘʩʰʪʘʙʶʫʯʠʭ ʧʽʜʩʠʣʶʚʘʯʘʭ 61-6n. n ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ 81-8n ʚʽʜʬʽʣʴʪʨʦʚʫʶʪʴ ʚʠʱʽ ʛʘʨʤʦʥʽʢʠ 

ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʥʝ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʚʽʙʨʦʢʦʥʪʨʦʣʶ, ʧʨʦʧʫʩʢʘʶʯʠ ʥʘ ʚʠʭʽʜ ʣʠʰʝ ʪʽ ʛʘʨʤʦʥʽʯʥʽ 

ʩʢʣʘʜʦʚʽ, ʟʘ ʷʢʠʤʠ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʥʪʨʦʣʴ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʪʘʥʫ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ʉʠʛʥʘʣ ʟ ʚʠʭʦʜʽʚ n 

ʩʤʫʛʦʚʠʭ ʬʽʣʴʪʨʽʚ 81-8n ʥʘʜʭʦʜʷʪʴ ʥʘ ʚʭʦʜʠ n ʝʣʝʤʝʥʪʽʚ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ 91-9n ʚʽʜʧʦʚʽʜʥʦ, ʜʝ 

ʟʘʧʘʤôʷʪʦʚʫʶʪʴ ʫ ʤʦʤʝʥʪ ʥʘʜʭʦʜʞʝʥʥʷ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7 ʦʜʠʥʠʯʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʦʚʦʨʦʪʫ 

ʨʦʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ ʚʠʟʥʘʯʝʥʠʡ ʢʫʪ Ŭ. ʎʝʡ ʞʝ ʩʠʛʥʘʣ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7 

ʧʦʩʪʫʧʘʻ ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ ʧʝʨʰʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 ʪʘ ʩʣʫʞʠʪʴ ʩʠʛʥʘʣʦʤ ʧʦʯʘʪʢʫ ʦʧʝʨʘʮʽʾ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘ ʜʨʫʛʦʤʫ ʚʠʭʦʜʽ ʧʝʨʰʦʛʦ ʧʦʨʪʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 ʬʦʨʤʫʻʪʴʩʷ ʘʜʨʝʩʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʝʨʰʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʚʭʦʜʫ 

ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 11, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʠʛʥʘʣʫ ʟ ʡʦʛʦ ʧʝʨʰʦʛʦ ʚʭʦʜʫ ʥʘ ʡʦʛʦ 

ʚʠʭʦʜʽ. ʊʦʜʽ ʥʘ ʧʝʨʰʦʤʫ ʚʠʭʦʜʽ ʧʝʨʰʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʟʘʧʫʩʢʫ ʘʥʘʣʦʛʦ-
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ʮʠʬʨʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʧʦʩʪʫʧʘʻ ʥʘ ʜʨʫʛʠʡ ʚʭʽʜ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 12, ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ 

ʷʢʦʛʦ ʧʦʩʪʫʧʘʻ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 11, ʨʝʟʫʣʴʪʘʪ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʟʯʠʪʫʻʪʴʩʷ ʟ ʚʠʭʦʜʫ ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ 12 ʯʝʨʝʟ ʧʝʨʰʠʡ ʚʭʽʜ ʜʨʫʛʦʛʦ ʧʦʨʪʫ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 ʧʨʠ ʧʨʠʭʦʜʽ ʥʘ ʚʭʽʜ ʜʨʫʛʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 ʩʠʛʥʘʣʫ ʟʘʢʽʥʯʝʥʥʷ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʇʽʩʣʷ ʮʴʦʛʦ ʥʘ ʜʨʫʛʦʤʫ ʚʠʭʦʜʽ ʧʝʨʰʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 

ʬʦʨʤʫʻʪʴʩʷ ʘʜʨʝʩʘ ʥʘʩʪʫʧʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʚʭʦʜʫ ʘʥʘʣʦʛʦʚʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 11. ʈʝʰʪʘ ʦʧʝʨʘʮʽʡ 

ʧʦʚʪʦʨʶʻʪʴʩʷ ʮʠʢʣʽʯʥʦ, ʜʦʢʠ ʥʝ ʙʫʜʝ ʦʪʨʠʤʘʥʦ ʮʠʬʨʦʚʝ ʟʥʘʯʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʫʩʽʭ ʚʭʦʜʘʭ ʘʥʘʣʦʛʦʚʦʛʦ 

ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 11, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʚʥʷʤ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʫ ʚʩʽʭ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʘʛʨʝʛʘʪʫ, ʟʥʘʯʝʥʥʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʪʦʯʥʦʾ ʧʦʣʶʩʥʦʾ ʦʙʤʦʪʢʠ, ʧʦʪʦʯʥʦʤʫ ʟʥʘʯʝʥʥʶ ʦʩʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʨʦʪʦʨʘ ʪʘ ʚʝʣʠʯʠʥʠ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʨʦʪʦʨʦʤ ʪʘ ʩʪʘʪʦʨʦʤ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʮʠʭ ʦʧʝʨʘʮʽʡ ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ 

ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʦʯʽʢʫʚʘʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʦʜʠʥʠʯʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7, ʘ ʧʽʩʣʷ ʡʦʛʦ 

ʦʪʨʠʤʘʥʥʷ ʦʧʝʨʘʮʽʾ ʧʦʚʪʦʨʶʶʪʴʩʷ ʮʠʢʣʽʯʥʦ. 

ʅʘ ʚʠʭʦʜʽ ʩʝʥʩʦʨʘ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 5 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʨʠ ʧʦʚʦʨʦʪʽ ʨʦʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʤʘʰʠʥʠ ʥʘ ʟʘʜʘʥʠʡ ʢʫʪ Ŭ, ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʬʦʨʤʫʚʘʯʘ 7. ʋ ʬʦʨʤʫʚʘʯʽ 7 ʮʝʡ ʩʠʛʥʘʣ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ 

ʩʠʛʥʘʣ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʪʘ ʧʦʩʪʫʧʘʻ, ʦʢʨʽʤ ʜʨʫʛʠʭ ʚʭʦʜʽʚ ʝʣʝʤʝʥʪʽʚ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ 81-8n+3 ʪʘ ʧʝʨʰʦʛʦ 

ʚʭʦʜʫ ʧʝʨʰʦʛʦ ʧʦʨʪʫ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13, ʥʘ ʚʭʽʜ ʧʦʜʽʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 10, ʥʘ ʚʠʭʦʜʽ ʷʢʦʛʦ, ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ 

ʥʘ ʡʦʛʦ ʚʭʽʜ k-ʛʦ ʽʤʧʫʣʴʩʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ʜʽʣʝʥʥʷ ʯʘʩʪʦʪʠ, ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ, 

ʷʢʠʡ ʧʦʩʪʫʧʘʻ ʥʘ ʚʭʽʜ ʪʘʡʤʝʨʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13, ʜʝ ʩʣʫʞʠʪʴ ʩʠʛʥʘʣʦʤ ʟʘʧʠʩʫ ʧʦʪʦʯʥʦʛʦ ʯʠʩʣʘ, 

ʚʽʜʨʘʭʦʚʘʥʦʛʦ ʪʘʡʤʝʨʦʤ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13. ʇʨʠ ʧʦʚʦʨʦʪʽ ʨʦʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ ʢʫʪ 360 ʛʨʘʜʫʩʽʚ 

(ʧʦʚʥʠʡ ʦʙʝʨʪ) ʥʘ ʚʠʭʦʜʽ ʩʝʥʩʦʨʘ ʢʫʪʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ 5 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʦʜʦʚʞʝʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʱʦ ʫ 

ʬʦʨʤʫʚʘʯʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʜʦʚʞʝʥʠʡ ʩʠʛʥʘʣ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ, ʷʢʠʡ ʩʣʫʛʫʻ ʜʣʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13 

ʤʘʨʢʝʨʦʤ ʧʦʯʘʪʢʫ ʥʦʚʦʛʦ ʦʙʦʨʦʪʫ ʨʦʪʦʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʨʦʙʦʪʠ 

ʧʦʜʽʣʴʥʠʢʘ ʯʘʩʪʦʪʠ 10. 

ʅʘ ʚʠʭʦʜʽ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ 2 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ 

ʧʨʦʧʦʨʮʽʡʥʠʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʪʦʯʥʦʾ ʧʦʣʶʩʥʦʶ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ɼʘʥʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ 

ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ 2 ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ n+1-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 6, ʜʝ ʧʽʜʩʠʣʶʻʪʴʩʷ ʜʦ ʨʽʚʥʷ, 

ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ. ɿ ʚʠʭʦʜʫ n+1-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 6 ʧʽʜʩʠʣʝʥʠʡ 

ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ n+1-ʛʦ ʝʣʝʤʝʥʪʫ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ 9, ʜʝ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʡʦʛʦ ʜʨʫʛʠʡ ʚʭʽʜ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7. 

ʅʘ ʚʠʭʦʜʽ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʜʘʪʯʠʢ ʦʩʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʨʦʪʦʨʘ 3 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, 

ʦɦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʪʦʯʥʦʤʫ ʦʩʴʦʚʦʤʫ ʟʤʽʱʝʥʥʶ ʨʦʪʦʨʘ. ɼʘʥʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʙʝʟʢʦʥʪʘʢʪʥʠʡ ʜʘʪʯʠʢ 

ʦʩʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʨʦʪʦʨʘ 3 ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ n+2-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 6, ʜʝ ʧʽʜʩʠʣʶʻʪʴʩʷ ʜʦ 

ʨʽʚʥʷ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ. ɿ ʚʠʭʦʜʫ n+2-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 6 
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ʈʠʩ. 5. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʦʜʥʽʻʾ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ 
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ʧʽʜʩʠʣʝʥʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ n+2-ʛʦ ʝʣʝʤʝʥʪʫ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ 9, ʜʝ ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ ʧʨʠ 

ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʡʦʛʦ ʜʨʫʛʠʡ ʚʭʽʜ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7. 

ʅʘ ʚʠʭʦʜʽ ʙʝʟʢʦʥʪʘʢʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʨʦʪʦʨʦʤ ʪʘ ʩʪʘʪʦʨʦʤ 4 ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ 

ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʧʦʪʦʯʥʦʤʫ ʦʩʴʦʚʦʤʫ ʟʤʽʱʝʥʥʶ ʨʦʪʦʨʘ. ɼʘʥʠʡ ʩʠʛʥʘʣ ʟ ʚʠʭʦʜʫ ʜʘʪʯʠʢʘ 

ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʨʦʪʦʨʦʤ ʪʘ ʩʪʘʪʦʨʦʤ 4 ʥʘʜʭʦʜʠʪʴ ʥʘ ʚʭʽʜ n+3-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ 6, ʜʝ 

ʧʽʜʩʠʣʶʻʪʴʩʷ ʜʦ ʨʽʚʥʷ, ʧʨʠʜʘʪʥʦʛʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ. ɿ ʚʠʭʦʜʫ n+3-ʛʦ ʤʘʩʰʪʘʙʶʫʯʦʛʦ 

ʧʽʜʩʠʣʶʚʘʯʘ 6 ʧʽʜʩʠʣʝʥʠʡ ʩʠʛʥʘʣ ʥʘʜʭʦʜʠʪʴ ʥʘ ʧʝʨʰʠʡ ʚʭʽʜ n+3-ʛʦ ʝʣʝʤʝʥʪʫ ʘʥʘʣʦʛʦʚʦʾ ʧʘʤôʷʪʽ 9, ʜʝ 

ʟʘʧʘʤôʷʪʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʥʘ ʡʦʛʦ ʜʨʫʛʠʡ ʚʭʽʜ ʢʝʨʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʟ ʚʠʭʦʜʫ ʬʦʨʤʫʚʘʯʘ 7. 

ɺʠʤʽʨʷʥʽ ʟʥʘʯʝʥʥʷ ʚʽʙʨʦʧʨʠʩʢʦʨʝʥʥʷ ʫ ʚʩʽʭ ʢʣʶʯʦʚʠʭ ʪʦʯʢʘʭ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʦʪʦʯʥʦʾ ʧʦʣʶʩʥʦʾ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʧʦʪʦʯʥʦʛʦ ʦʩʴʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʨʦʪʦʨʘ, ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʟʦʨʫ ʤʽʞ ʨʦʪʦʨʦʤ 

ʪʘ ʩʪʘʪʦʨʦʤ, ʘ ʪʘʢʦʞ ʯʠʩʣʦʚʠʡ ʢʦʜ, ʚʽʜʨʘʭʦʚʘʥʠʡ ʪʘʡʤʝʨʦʤ ʟʘ ʯʘʩ ʧʦʚʦʨʦʪʫ ʨʦʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʥʘ 

ʢʫʪ kŬ ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʧʝʨʰʠʡ 14 ʪʘ ʜʨʫʛʠʡ 16 ʧʨʠʩʪʨʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʫ ʪʘ ʣʽʥʽʶ ʟʚôʷʟʢʫ ʥʘ 

ʩʝʨʚʝʨ 17. ɼʦʜʘʪʢʦʚʦ ʥʘ ʩʝʨʚʝʨ 17 ʧʦʩʪʫʧʘʻ ʚʠʤʽʨʶʚʘʣʴʥʘ ʽʥʬʦʨʤʘʮʽʷ ʚʽʜ ʰʪʘʪʥʠʭ ʩʝʥʩʦʨʽʚ ʩʪʨʫʤʫ ʥʘ 

ʥʘʧʦʨʫ. ʅʘ ʩʝʨʚʝʨʽ 17 ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʝʨʚʠʥʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʥʘʷʚʥʽʩʪʴ/ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʽʥʜʠʢʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʝʨʘʮʽʡ ʢʦʥʪʨʦʣʶ ʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ɿʦʚʥʽʰʥʷ ʧʘʤ'ʷʪʴ 15 ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʤʽʞʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʯʠʩʣʦʚʠʭ ʟʥʘʯʝʥʴ, 

ʧʨʦʧʦʨʮʽʡʥʠʭ ʚʠʤʽʨʷʥʠʤ ʚʝʣʠʯʠʥʘʤ, ʪʘ, ʧʨʠ ʧʦʪʨʝʙʽ, ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʨʦʙʦʪʠ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ 13. 

ʈʦʙʦʪʘ ʧʽʜʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. 

ʋ ʥʝʡʨʦʧʦʜʽʙʥʽʡ ʤʝʨʝʞʽ 19 ʥʘ ʦʩʥʦʚʽ ʩʠʛʥʘʣʽʚ ʥʘ ʾʾ ʚʭʦʜʘʭ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʽʤʦʚʽʨʥʽʩʪʴ 

ʥʘʷʚʥʦʩʪʽ ʜʝʬʝʢʪʫ ʫ ʢʦʞʥʦʤʫ ʽʟ ʚʫʟʣʽʚ m ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʪʨʠʤʘʥʠʡ ʥʝʡʨʦʧʦʜʽʙʥʦʶ 

ʤʝʨʝʞʝʶ 19 ʚʠʩʥʦʚʦʢ ʯʝʨʝʟ ʾʾ ʚʠʭʽʜ ʧʦʜʘʻʪʴʩʷ ʥʘ ʧʨʠʩʪʨʽʡ ʚʽʟʫʘʣʽʟʘʮʽʾ 20, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʾ ʚʠʚʝʜʝʥʥʷ ʫ 

ʟʨʫʯʥʽʡ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʬʦʨʤʽ. 

ʇʨʠ ʧʦʪʨʝʙʽ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 5 ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʜʦʧʦʚʥʝʥʦʶ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ 

ʢʘʥʘʣʘʤʠ, ʱʦ ʧʽʜʢʣʶʯʘʪʠʤʫʪʴʩʷ ʙʣʦʯʥʦ ʘ ʽʩʥʫʶʯʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʢʘʥʘʣʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʤʽʥʝʥʽ. ʋ ʚʠʧʘʜʢʫ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽʚ (ʯʠʩʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ) ʥʝ ʜʦʩʪʘʪʥʴʦʾ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢ 

ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʷ, ʜʦʮʽʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʯʠʩʣʦʚʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʧʝʨʰʦʛʦ ʘʧʘʨʘʪʥʦʛʦ ʨʽʚʥʷ 

ʦʙʨʦʙʢʠ ʥʘ ʦʜʠʥ ʛʽʜʨʦʘʛʨʝʛʘʪ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʙʦʨʫ ʪʠʧʫ ʚʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 
ʤʝʪʦʜʫ ʝʚʦʣʶʮʽʡʥʦʛʦ ʧʦʰʫʢʫ. ʇʦʢʘʟʘʥʦ, ʱʦ ʟʘʟʥʘʯʝʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʭʦʧʠʪʠ 

ʧʨʦʩʪʽʨ ʧʦʰʫʢʫ, ʥʽʞ, ʥʘʧʨʠʢʣʘʜ, ʛʨʘʜʽʻʥʪʥʽ ʤʝʪʦʜʠ ʦʧʪʠʤʽʟʘʮʽʾ, ʪʘ ʦʪʨʠʤʘʪʠ ʨʦʟʚôʷʟʦʢ, ʙʣʠʟʴʢʠʡ ʜʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ, ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ (ʤʘʣʫ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ). 

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʪʘ ʪʠʧʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʦʙʝʨʪʦʚʠʭ 
ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʥʝʩʪʘʥʜʘʨʪʥʦʾ ʐʅʄ ʪʘ ʩʪʨʫʢʪʫʨʫ ʩʘʤʦʾ ʐʅʄ, ʱʦ ʚʨʘʭʦʚʫʻ 

ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʧʦʪʦʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʦʾ ʤʘʰʠʥʠ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ 

ʘʜʘʧʪʠʚʥʽʩʪʶ ʜʦ ʦʙôʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʾʾ ʘʧʘʨʘʪʥʦʾ ʨʝʘʣʽʟʘʮʽʾ. 
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ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ / ɺ.ʌ. ɻʨʘʥʷʢ // ɺʠʤʽʨʶʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʘ ʜʽʘʛʥʦʩʪʠʢʘ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ: ʤʘʪʝʨʽʘʣʠ ɯV 

ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 29-31 ʞʦʚʪʥʷ 2019 ʨ. / ʄ-ʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ. ï ɺʽʥʥʠʮʷ, 2019 ï ʉ. 92-93. 
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ʄɽʊɸ-ʄʆɼɽʃʔ ʇʈʆɽʂʊʋɺɸʅʅʗ ʇʈʆʊʆʊʀʇʋ ɯʅʌʆʈʄɸʎɯʁʅʆɰ 

ʊɽʍʅʆʃʆɻɯɰ ʂʃɸʉʀʌɯʂɸʎɯɰ ʆɹôɭʂʊɯɺ ɿɸ ʌʆʈʄʆʖ ɿʆɹʈɸɾɽʅʅʗ ɯɿ 

ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʄɻʋɸ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɺ ʅʆʊɸʎɯɰ ʋʅɯʌɯʂʆɺɸʅʆɰ 

ʄʆɺʀ ʄʆɼɽʃʖɺɸʅʅʗ  
 
ˏ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎̏ ̗̐̑̉̎̉̐̉ ̏̂ȭ̤̋̓̎̏-̨̤̩̏̑̎̓̏̃́̎̏ ̨̨̗̩̏̑̍́̌̈́̕ ̗̐̑̏̆̒̔ ̤̠̐̑̏̋̓̔̃́̎̎ 

̨̨̗̩̎̏̑̍́̊̎̏̕ ̨̖̩̓̆̎̏̌̏̄ ̨̨̗̩̋̌́̒̉̋́̕ ̏̂ǫ̤̃̄̋̓̃ȟ ̠̋́ ̤̝̠̂́̈̔̓̒ ̎́ ̨̃̉̂̏̑ ̩̋̑́̏̚ ̒̓̑̔̋̓̔̑̉ ̨̍̏̅̆̌ ̨̋̌́̒̉̋́̓̏̑́̕ ̈ 
̎́̂̏̑̔ ̍̏̅̆̌̆̊-̨̋́̎̅̉̅́̓̃ȟ ̖̈̅́̓̎̉ ̅̏ ̨̨̗̩̒́̍̏̏̑̄́̎̈́Ȣ ˏ̨̙̝̉̑́̌̎̆ ̐̑́̃̉̌̏ ̨̨̗̩̋̌́̒̉̋́̕ ̤̝̠̂̔̅̔̓̒ ̃ ̨̗̂̌̏ 
̒̉̎̓̆̈̔ ̍̏̅̆̌̆̊ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̨̖̩̓̆̎̏̌̏̄ ̨̨̗̩̋̌́̒̉̋́̕Ȣ ˬ̋ ́̌̄̏̑̉̓̍ ̒̉̎̓̆̈̔ ̍̏̅̆̌̆̊ ̈́̒̓̏̒̏̃́̎̏ ˙ːˠˍ 
̨̎̆̊̑̏̎̎ ̨̍̆̑̆̇Ȣ ˏ̨̉̂̑ ̩̋̑́̏̚ ̒̓̑̔̋̓̔̑̉ ̨̍̏̅̆̌ ̤̝̠̃̉̋̏̎̔̓̒ ̈́ ̎́̂̏̑̏̍ ̨̩̋̑̉̓̆̑̃Ȣ ˜̏̂̔̅̏̃̔ ̍̆̓́-̨̍̏̅̆̌ 
̗̐̑̏̆̒̔ ̤̐̑̏̋ ̠̓̔̃́̎̎ ̃̉̋̏̎́̎̏ ̨̈ ̠̈́̒̓̏̒̔̃́̎̎̍ ̨̨̩̔̎̋̏̃́̎̏̕ ̍̏̃̉ ̟̠̍̏̅̆̌̃́̎̎Ȣ ˡ̨̗̝̔̎̋̏̎́̌̎́ ̍̆̓́-̝̍̏̅̆̌ 
̐̑̆̅̒̓́̃̌̆̎́ ̨̟̅́̄̑́̍̏ ̨̨̃́̑́̎̓̃ ̠̃̉̋̏̑̉̒̓́̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̗̎̏̑̍́̊̎́̕ ̨̖̠̓̆̎̏̌̏̄ȟ ̨̨̗̠̋̌́̒̉̋́̕ȟ ̍̆̓́-̝̍̏̅̆̌ȟ 5-,-̨̅́̄ ̑́̍̉Ȣ 
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META -MODEL OF DESIGN OF INFORMATION TECHNOLOGY PROTOTYPE OF CLASSIFICATION OF 

OBJECTS BY IMAGE SHAPE USING GMDH NEURAL NETWORKS IN T HE NOTATION OF A UNIFIED 

MODELING LANGUAGE  
 

The article is devoted to the development of intelligent monitoring systems of technological processes based on the use of machine 
vision systems. The principles of object-oriented formalization of the process of designing information technology of the classification of 
objects by the geometric shape of the image obtained from the machine vision system are proposed in the article. The proposed information 
technology is based on the use of machine learning technologies and provides for the selection of the best structure of the classifier model 
from a set of candidate models. Construction of candidate models is based on the use of the group method of data handling, based on the 
principles of self-organization of models. The outline of the image of the object obtained from the intelligent monitoring system is the input 
information. The set of input data contains a set of morphometric parameters that describe the geometric shape of the figure formed by the 
contour of the image of the object, as well as the label of the class to which the object belongs. The formation of the set of input data is 
ÉÍÐÌÅÍÅÎÔÅÄ ÉÎ ÔÈÅ ÂÌÏÃË Ⱥ)ÍÁÇÅ 0ÒÏÃÅÓÓÉÎÇȻȢ 4ÈÅ ÄÅÃÉÓÉÖÅ ÒÕÌÅ ÏÆ ÃÌÁÓÓÉÆÉÃÁÔÉÏÎ ÉÓ ÂÕÉÌÔ ÉÎ ÔÈÅ ÂÌÏÃË ÏÆ ÓÙÎÔÈÅÓÉÓ ÏÆ ÍÏÄÅÌÓ of information 
technology of classification. GMDH neural networks were used as an algorithm for model synthesis. The choice of the best structure of the 
model is performed by a set of criteria. The information technology for constructing the classifier model is implemented by supplementing 
the block of algorithms for ÓÙÎÔÈÅÓÉÓ ÏÆ -35! ÍÏÄÅÌÓ ×ÉÔÈ ÔÈÅ ÂÌÏÃË Ⱥ#ÌÁÓÓ ÏÆ ÍÏÄÅÌÓȻȟ ×ÈÉÃÈ ÉÍÐÌÅÍÅÎÔÓ ÔÈÅ ÐÒÏÃÅÓÓ ÏÆ ÓÅÌÅÃÔÉÎÇ ÔÈÅ ÃÌÁÓÓ ÏÆ 
ÆÕÎÃÔÉÏÎÓ ÆÏÒ ÂÕÉÌÄÉÎÇ ÍÏÄÅÌÓȟ ÁÎÄ ÔÈÅ ÂÌÏÃË Ⱥ6ÅÒÉÆÉÃÁÔÉÏÎ ÏÆ ÍÏÄÅÌÓȻȟ ×ÈÉÃÈ ÉÍÐlements the best model structure. Construction of the meta-
model of the design process was performed using a unified modeling language. The functional meta-model is represented by a use case 
diagram. 

Keywords:  information technology, classification, meta-model, UML-diagrams. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʪʘ ʨʦʙʦʪʠʟʘʮʽʶ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʪʘʢʦʞ ʮʠʬʨʦʚʽʟʘʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ ʽʥʜʫʩʪʨʽʾ 4.0 ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ. ʉʢʣʘʜʦʚʦʶ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʟʦʨʫ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʷʚʣʝʥʥʷ ʽ ʘʥʘʣʽʟ ʦʙ'ʻʢʪʽʚ ʟʘ ʾʭʥʽʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. ʈʦʟʚʠʪʦʢ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ɯʊ) ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ 

ʟʘ ʬʦʨʤʦʶ ʾʭ ʟʦʙʨʘʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʢʦʥʮʝʧʮʽʾ ʨʦʟʫʤʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ (ʦʙ'ʻʢʪʽʚ, ʩʠʛʥʘʣʽʚ) ï ʟʘʜʘʯʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʙ'ʻʢʪʘ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʯʠ ʥʘʙʦʨʦʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [1]. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʪʦʜʠʮʽ ʚʽʜʥʝʩʝʥʥʷ ʝʣʝʤʝʥʪʘ ʜʦ ʧʝʚʥʦʛʦ ʦʙʨʘʟʫ ʫ 

ʧʨʦʩʪʦʨʽ ʤʝʪʨʠʢ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʧʦʙʫʜʦʚʫ ʧʝʚʥʦʛʦ ʧʨʘʚʠʣʘ ï ʢʣʘʩʠʬʽʢʘʪʦʨʘ. ɺʽʜ ʚʠʙʦʨʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʦʙʨʘʟʽʚ ʽ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʨʠʢʠ ʟʘʣʝʞʠʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʢʣʘʩʠʬʽʢʘʮʽʾ [1]. ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʝʚʨʠʩʪʠʯʥʽ, 

ʣʽʥʛʚʽʩʪʠʯʥʽ ʪʘ ʤʘʪʝʤʘʪʠʯʥʽ ʤʝʪʦʜʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ [2, 3]: 

ʧʦʪʝʥʮʽʡʥʽ ʬʫʥʢʮʽʾ, ʙʘʡʻʩʽʚʩʴʢʽ ʤʝʨʝʞʽ, ʤʘʨʢʽʚʩʴʢʽ ʤʝʨʝʞʽ, ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʛʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ, 

ʜʝʨʝʚʘ ʨʽʰʝʥʴ ʪʦʱʦ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʝʪʦʜʘʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʄʅ) [4], ʷʢʝ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʧʽʜʛʦʥʢʠ ʘʣʛʦʨʠʪʤʫ ʧʽʜ ʩʧʝʮʠʬʽʢʫ ʨʦʟʚ'ʷʟʫʚʘʥʦʛʦ ʟʘʚʜʘʥʥʷ. 
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ɸʣʛʦʨʠʪʤʠ ʄʅ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ (ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ), ʢʣʘʩʪʝʨʠʟʘʮʽʾ (ʥʘʚʯʘʥʥʷ ʙʝʟ 

ʫʯʠʪʝʣʷ), ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʪʦʱʦ. ʇʨʘʮʝʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʄʅ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʘʣʛʦʨʠʪʤʫ ʪʘ ʦʙʨʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ. ɿʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʥʘʙʦʨʫ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ, ʤʝʪʦʜʫ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʪʘ ʡʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʦʙʫʜʦʚʠ ʝʬʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʄʅ. ʆʪʞʝ, ʦʙʨʦʙʢʘ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʘʣʛʦʨʠʪʤʘʤʠ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʟʦʙʨʘʞʝʥʴ ʻ ʚʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʜʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʾʭ ʟʦʙʨʘʞʝʥʥʷʤ, 

ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ ʚ ʨʘʤʢʘʭ  ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [5].  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʧʨʦʻʢʪʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʟʘ ʛʝʦʤʝʪʨʠʯʥʦʶ ʬʦʨʤʦʶ ʾʭ ʟʦʙʨʘʞʝʥʥʷ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʘʣʛʦʨʠʪʤʽʚ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ 

ʤʦʜʝʣʝʡ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʧʦʙʫʜʦʚʫ ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿʘʚʜʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʥʘʣʝʞʠʪʴ ʜʦ ʢʣʘʩʫ ʟʘʚʜʘʥʴ ʥʘʚʯʘʥʥʷ ʟ ʫʯʠʪʝʣʝʤ. ɽʢʟʝʤʧʣʷʨ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ çʦʙ'ʻʢʪʠ-ʦʟʥʘʢʠè, ʢʦʞʝʥ ʨʷʜʦʢ, ʷʢʦʾ ʤʽʩʪʠʪʴ ʚʝʢʪʦʨ ʦʟʥʘʢ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ  ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʫ, ʪʘ ʤʽʪʢʫ ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ ʚʽʥ ʥʘʣʝʞʠʪʴ. ɿʘʜʘʯʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʨʽʰʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʤʥʦʞʠʥʠ ʯʠʩʣʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʢʪʦʨʽʚ ʦʟʥʘʢ, ʱʦ ʫʪʚʦʨʶʻ ʤʥʦʞʠʥʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ (ʄɺɼ) [5]. 

ɼʘʥʽ ʟ ʚʽʜʦʤʠʤʠ ʢʣʘʩʘʤʠ ʧʦʜʘʶʪʴʩʷ ʥʘ ʚʭʽʜ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ (ɸʉʄ), ʷʢʠʡ ʧʦʚʠʥʝʥ ʨʦʟʧʽʟʥʘʪʠ 

ʧʨʠʭʦʚʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʦʟʥʘʢʘʤʠ ʪʘ ʤʽʪʢʦʶ ʢʣʘʩʫ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚôʷʟʢʫ ʟʘʜʘʯʽ ʻ ʧʨʘʚʠʣʦ ʢʣʘʩʠʬʽʢʘʮʽʾ. ɺ 

ʢʣʘʩʽ ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʘ-ʤʦʜʝʣʝʡ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʶʪʴ ʰʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (ʅʄ), ʤʦʜʝʣʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʛʨʫʧʦʚʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʘʨʛʫʤʝʥʪʽʚ (Mɻʋɸ) ʪʘ ʤʘʰʠʥ ʦʧʦʨʥʠʭ ʚʝʢʪʦʨʽʚ [6]. ʋ 

ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʽʜʩʫʪʥʷ ʘʙʦ ʤʘʡʞʝ ʚʽʜʩʫʪʥʷ ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʽ ʨʦʟʧʦʜʽʣ ʾʾ 

ʧʘʨʘʤʝʪʨʽʚ, ʜʦʮʽʣʴʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʟʜʘʪʥʠʭ ʜʦ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʾ [6], ʜʦ ʷʢʠʭ 

ʥʘʣʝʞʠʪʴ ʄɻʋɸ. ʉʪʚʦʨʝʥʥʷ ʄɻʋɸ-ʤʝʪʘ-ʤʦʜʝʣʝʡ ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʦʨʪʫʚʘʥʥʽ ʧʦʩʪʫʧʦʚʦ ʫʩʢʣʘʜʥʝʥʠʭ ʚʘʨʽʘʥʪʽʚ 

ʤʦʜʝʣʝʡ ʟ ʚʠʙʦʨʦʤ ʾʭ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ [7]. 

ɹʣʦʢ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ (ɹʉʄ) ʄɻʋɸ ʤʽʩʪʠʪʴ ʙʘʟʦʚʽ ʘʣʛʦʨʠʪʤʠ ʄɻʋɸ [8], ʘʣʛʦʨʠʪʤʠ ʄɻʋɸ-

ʧʦʜ̔ʙʥʠʭ ʅʄ, ʛʽʙʨʠʜʥʽ ʘʣʛʦʨʠʪʤʠ ʪʦʱʦ. ɹʉʄ ʄɻʋɸ ʟʘʙʝʟʧʝʯʫʻ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʚʠʙʽʨ ʤʦʜʝʣʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʩʣʽʜʦʚʥʦʛʦ ʚʠʧʨʦʙʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ɸʉʄ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ ʷʢʦʩʪʽ 

ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟʘ ʢʨʠʪʝʨʽʻʤ ʨʝʛʫʣʷʨʥʦʩʪʽ ʥʘ ʝʢʟʘʤʝʥʘʮʽʡʥʽʡ ʚʠʙʽʨʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʄɺɼ [5]. ʗʢ ɸʉʄ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤ ʄɻʋɸ ʅʄ, ʦʩʥʦʚʦʶ ʷʢʠʭ ʻ 

ʽʪʝʨʘʮʽʡʥʽ ʘʣʛʦʨʠʪʤʠ ʄɻʋɸ. ʄɻʋɸʅʄ ʥʘʣʝʞʘʪʴ ʜʦ ʛʨʫʧʠ ʧʦʣʽʥʦʤʽʘʣʴʥʠʭ ʅʄ ʟ ʧʦʧʘʨʥʠʤ ʢʦʤʙʽʥʫʚʘʥʥʷʤ 

ʚʠʭʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʷʜʫ ʘʙʦ ʰʘʨʫ [9], ʧʨʠʯʦʤʫ ʯʠʩʣʦ çʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚè ʤʦʞʝ ʙʫʪʠ ʜʦʚʽʣʴʥʠʤ. ɼʣʷ  

ʧʝʨʝʚʽʨʢʠ ʤʦʜʝʣʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʩʪʨʘʪʝʛʽʾ ʧʝʨʝʭʨʝʩʥʦʾ ʧʝʨʝʚʽʨʢʠ. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʨʠʢʠ [8]: ʪʦʯʥʽʩʪʴ, ʧʦʚʥʦʪʘ, ʤʝʪʨʠʢʘ ɺʘʥ ʈʽʟʙʝʨʛʝʥʘ (F-ʤʽʨʘ). ʊʦʯʥʽʩʪʴ ʽ ʧʦʚʥʦʪʘ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʣʘʩʽʚ ʽ ʢʦʨʝʢʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ɸʉʄ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʟʘʜʘʥʦʤʫ ʢʣʘʩʽ ʬʫʥʢʮʽʡ. ɼʦʩʣʽʜʥʠʢ ʧʦʚʠʥʝʥ ʟʘʜʘʪʠ ʢʣʘʩ 

ʬʫʥʢʮʽʡ, ʚ ʷʢʦʤʫ ʩʣʽʜ ʰʫʢʘʪʠ ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ-ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʠʙʨʘʪʠ ɸʉʄ ʪʘ 

ʩʪʨʘʪʝʛʽʾ ʾʾ ʧʝʨʝʚʽʨʢʠ.  

ʈʝʘʣʽʟʘʮʽʷ ɯʊ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ ʾʭ ʟʦʙʨʘʞʝʥʥʷ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʟʘʜʘʯ: 1) 

ʦʧʠʩ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʫ; 2) ʥʘʚʯʘʥʥʷ ʩʠʩʪʝʤʠ; 3) ʩʠʥʪʝʟ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʽʚ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ; 4) ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʠ ʤʦʜʝʣʴʥʠʭ ʟʥʘʥʴ, ʱʦ ʤʽʩʪʠʪʴ ʤʥʦʞʠʥʫ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʽʚ 

ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ; 5) ʚʠʙʽʨ ʢʨʘʱʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ; 6) ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʘʣʝʞʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ 

ʦʙôʻʢʪʘ ʜʦ ʦʜʥʦʛʦ ʟ ʪʠʧʦʚʠʭ ʢʣʘʩʽʚ. 

ʉʫʯʘʩʥʽ CASE-ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʦʩʥʦʚʦʶ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʬʝʢ-

ʪʠʚʥʠʭ ɯʊ ʜʣʷ ʟʘʜʘʯ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ʈʦʟʨʦʙʢʘ ʙʫʜʴ-ʷʢʦʛʦ ʧʨʦʮʝʩʫ ï ʮʝ ʧʦʩʣʽʜʦʚʥʝ ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʧʝʚʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʥʠʭ ʝʪʘʧʽʚ [10], ʱʦ ʫʪʚʦʨʶʶʪʴ ʦʩʥʦʚʫ ʤʝʪʘ-ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ 

ʛʘʣʫʟʽ. ʄʝʪʘ-ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʽʥʰʠʭ ʤʦʜʝʣʝʡ, ʟʘʙʝʟʧʝʯʫʻ ʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ 

ʜʦʤʝʥʫ, ʚʠʟʥʘʯʘʻ çʜʝʪʘʣʽ ʢʦʥʩʪʨʫʢʪʦʨʘè ʧʨʦʮʝʩʫ ʧʨʦʻʢʪʫʚʘʥʥʷ ɯʊ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ ʾʭ 

ʟʦʙʨʘʞʝʥʥʷ. ʉʢʣʘʜʥʽʩʪʴ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʦʪʦʪʠʧʫ ɯʊ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʤʥʦʞʠʥʫ ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʝʪʘʧʽʚ ʪʘ ʚʘʨʽʘʥʪʽʚ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʤʦʞʣʠʚʠʭ 

ʚʭʽʜʥʠʭ ʜʘʥʠʭ [10]. ɺʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ɯʊ ʻ ʬʦʨʤʘʣʽʟʘʮʽʷ ʚʠʤʦʛ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ʇʨʦʻʢʪʫʚʘʥʥʷ ɯʊ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʘʨʘʜʠʛʤʠ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʠʥʮʠʧʽʚ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʉʪʘʥʜʘʨʪʥʠʤ ʟʘʩʦʙʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ɯʊ ʻ ʫʥʽʬʽʢʦʚʘʥʘ ʤʦʚʘ ʤʦʜʝʣʶʚʘʥʥʷ (Unified Modeling Language ï UML), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʛʨʘʬʽʯʥʽ ʧʦʟʥʘʯʝʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʘʙʩʪʨʘʢʪʥʦʾ UML-ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ [11]. ʄʦʜʝʣʶʚʘʥʥʷ UML ʦʧʠʩʫʻ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʟʚôʷʟʢʽʚ. ʆʪʞʝ, ʤʝʪʘ-ʤʦʜʝʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʩʫʪʥʦʩʪʝʡ ʽ ʘʪʨʠʙʫʪʽʚ ʤʦʜʝʣʴʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ɯʊ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ 

ʚʠʤʦʛ ʢʣʽʻʥʪʘ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɯʊ, ʷʢʘ ʧʦʚʠʥʥʘ ʧʨʝʜʩʪʘʚʣʷʪʠ ʧʦʩʣʫʛʠ, ʷʢʽ ʧʨʦʧʦʥʫʻ ɯʊ ʪʘ ʽʥʰʽ ʩʫʪʥʦʩʪʽ, ʟ 

ʷʢʠʤʠ ʚʦʥʘ ʚʟʘʻʤʦʜʽʻ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʨʝʮʝʜʝʥʪʽʚ), ʷʢʘ ʦʧʠʩʫʻ 

ʚʠʤʦʛʠ ʥʘʙʦʨʦʤ ʩʮʝʥʘʨʽʾʚ, ʪʦʙʪʦ çʩʧʝʮʠʬʽʢʘʮʽʾ ʥʘʙʦʨʫ ʜʽʡ, ʚʠʢʦʥʫʚʘʥʠʭ ʩʠʩʪʝʤʦʶ, ʱʦ ʜʘʻ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʡ 

ʨʝʟʫʣʴʪʘʪ, ʷʢʠʡ ʻ ʮʽʥʥʠʤ ʜʣʷ ʦʜʥʦʛʦ ʘʙʦ ʢʽʣʴʢʦʭ ʘʢʪʦʨʽʚ ʘʙʦ ʽʥʰʠʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʩʪʦʨʽʥè [11]. ɺʘʨʽʘʥʪʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ï ʮʝ ʟʘʩʽʙ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʠʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤʠ. ɼʽʘʛʨʘʤʘ ʚʘʨʽʘʥʪʽʚ 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʥʘ ʧʠʪʘʥʥʷ: ʱʦ ʨʦʙʠʪʴ ʩʠʩʪʝʤʘ. ʎʝ ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʢʦʨʠʩʪʫʚʘʯʘ ʩʠʩʪʝʤʠ. ɯʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʠ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʧʨʝʜʩʪʘʚʣʷʻ ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙ'ʻʢʪʽʚ, ʘʪʨʠʙʫʪʽʚ, ʦʧʝʨʘʮʽʡ ʪʘ ʚʽʜʥʦʩʠʥ ʤʽʞ ʦʙ'ʻʢʪʘʤʠ. ɼʽʘʛʨʘʤʘ 

ʢʣʘʩʽʚ ʤʦʜʝʣʶʻ ʩʪʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [11]. ʄʦʜʝʣʴ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʜʽʥʢʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʽʘʛʨʘʤʠ ʜʽʷʣʴʥʦʩʪʽ, ʩʪʘʥʫ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʘ ʚʟʘʻʤʦʜʽʾ. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ɯʊ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ ʾʭ ʟʦʙʨʘʞʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʚʽʜ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʙʦʨʦʤ ʧʨʝʮʝʜʝʥʪʽʚ (ʨʠʩ. 1). ɺʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ 

ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʢʦʥʪʫʨʫ ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʢʪʫ, ʦʧʠʩʘʥʘ ʥʘʙʦʨʦʤ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘ ʤʽʪʢʘ 

ʢʣʘʩʫ, ʜʦ ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʦʙôʻʢʪ. ʌʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʙʣʦʮʽ 

çʆʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷè. ʇʨʘʚʠʣʦ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʜʫʻʪʴʩʷ ʚ ʙʣʦʮʽ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄɻʋɸ ʅʄ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ɸʉʄ ʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘʙʦʨʫ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʽʚ, ʱʦ ʤʘʶʪʴ 

ʦʧʪʠʤʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʚ ʟʘʜʘʥʦʤʫ ʢʣʘʩʽ ʬʫʥʢʮʽʡ. ɺʠʙʽʨ ʢʨʘʱʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʥʘʙʦʨʦʤ 

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʪʘ ʷʢʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ. ʊʝʭʥʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʨʝʘʣʽʟʦʚʘʥʘ ʰʣʷʭʦʤ ʜʦʧʦʚʥʝʥʥʷ ʙʣʦʢʫ ɸʉʄ ʄɻʋɸ ʅʄ ʙʣʦʢʦʤ çʂʣʘʩ ʤʦʜʝʣʝʡè, ʱʦ ʨʝʘʣʽʟʫʻ ʧʨʦʮʝʩ ʚʠʙʦʨʫ 

ʢʣʘʩʫ ʬʫʥʢʮʽʡ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ, ʪʘ ʙʣʦʢʦʤ çɺʝʨʠʬʽʢʘʮʽʷ ʤʦʜʝʣʝʡè, ʱʦ ʨʝʘʣʽʟʫʻ ʚʠʙʽʨ ʢʨʘʱʦʾ 

ʩʪʨʫʢʪʫʨʠ ʤʦʜʝʣʽ. 

 
ʈʠʩ. 1. ʄʝʪʘ-ʤʦʜʝʣʴ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʨʘʤʠ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ 

 

ɼʣʷ ʰʚʠʜʢʦʛʦ ʜʦʩʪʫʧʫ ʜʦ UML-ʜʽʘʛʨʘʤ ʢʣʘʩʽʚ, ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʜʽʘʛʨʘʤ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, 

ʩʪʘʥʽʚ ʽ ʚʟʘʻʤʦʜʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ UMLMap ï çʢʘʨʪʘè ʤʦʜʝʣʽ ɯʊ, ʱʦ ʤʽʩʪʠʪʴ ʭʝʰ-ʪʘʙʣʠʮʽ. UMLMap 

ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʜʘʚʘʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ, ʚʠʜʘʣʷʥʥʷ ʜʽʘʛʨʘʤ, ʨʦʟʨʘʭʫʥʦʢ ʤʝʪʨʠʢ, ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʝʨʝʚʽʨʢʫ ʥʘ ʮʽʣʽʩʥʽʩʪʴ. ʇʽʩʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ UML-ʤʦʜʝʣʽ ɯʊ ʚ UMLMap, ʚʠʢʦʥʫʻʪʴʩʷ ʟʘʜʘʥʥʷ ʚʠʤʦʛ 

ʫʟʛʦʜʞʝʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʷ ɯʊ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʚʠʪʦʢ ɯʊ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʝʭʥʦʣʦʛʽʷʭ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʻ ʦʜʥʽʻʶ ʽʟ 

ʩʢʣʘʜʦʚʠʭ ʨʦʟʚʠʪʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʩʠʩʪʝʤʠ ʤʘʰʠʥʥʦʛʦ ʟʦʨʫ. ʈʝʘʣʽʟʘʮʽʷ ɯʊ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ ʾʭ ʟʦʙʨʘʞʝʥʥʷ ʚʠʤʘʛʘʻ ʚʠʨʽʰʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʟʘʜʘʯ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘ ʯʘʩʪʠʥʘ ï 

ʧʦʪʨʝʙʫʻ ʟʘʣʫʯʝʥʥʷ ʜʦʩʚʽʜʫ ʜʦʩʣʽʜʥʠʢʘ, ʷʢʝ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʡʦʛʦ ʟʥʘʥʴ ʱʦʜʦ ʪʠʧʫ ʤʦʜʝʣʽ 

ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʚʠʙʦʨʫ ʢʨʘʱʦʾ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ ʟ ʤʦʞʣʠʚʠʭ ʤʦʜʝʣʝʡ-ʢʘʥʜʠʜʘʪʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʙʝʟʧʝʯʫʻ ʚʠʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʚʜʘʥʴ ʙʝʟ ʫʯʘʩʪʽ ʜʦʩʣʽʜʥʠʢʘ ʚ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ 

ʤʦʜʝʣʽ ʢʣʘʩʠʬʽʢʘʪʦʨʘ. 
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ɽʂʆʃʆɻɯʏʅɯ ʆʉʆɹʃʀɺʆʉʊɯ ɺɯɼʄʆʏʋɺɸʃʔʅʆ-ɿʆʃʔʅʀʍ  

ʇʈʆʎɽʉɯɺ ʋ ɺʀʈʆɹʅʀʎʊɺɯ ʐʂɯʈ 
 
˝̏̈̑̏̂̌̆̎́ ̑̆̒̔̑̒̏̏́̅̎́̚ ̨̘̆̋̏̌̏̄̎̏ ̨̤̏̑̎̓̏̃́̎́ ̨̖̠̓̆̎̏̌̏̄ ̨̘̝̃̅̍̏̔̃́̌̎̏-̝̖̈̏̌̎̉ ̨̗̐̑̏̆̒̃ 

̗̃̉̑̏̂̎̉̓̃́ ̨̙̋̑ ̠̅̌ ̖̃̆̑̔ ̠̃̈̔̓̓ ̈ ̒̉̑̏̃̉̎̉ ̩̃̆̌̉̋̏ ̩̑̏̄́̓̏ ̖̔̅̏̂̉Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̨̈̉̋̏̕-̨̨̨̖̘̍̎ȟ ̨̨̖̘̓̆̎̏̌̏̄̎ ̓́ 
̨̨̘̆̋̏̌̏̄̎ ̨̏̒̏̂̌̉̃̏̒̓ ̨̟̘̩̒̎̔̏ ̨ ̩̑̏̈̑̏̂̌̆̎̏ ̨̖̓̆̎̏̌̏̄̊Ȣ ˝̏̈̑̏̂̌̆̎́ ̨̖̠̓̆̎̏̌̏̄ ̠̈́̃̅̋̉ ̨̟̐̅̃̉̆̎̎̚ 
̓̆̍̐̆̑́̓̔̑̉ ̗̐̑̏̆̒̔ ̘̤̈́̂̆̈̐̆̔ ̨̙̆̆̋̓̉̃̎̆̕ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̨̖̘̖̍̎̉ ̨̑̆́̄̆̎̓̃ȟ ̙̠̈̍̆̎̆̎̎ ̨̗̗̋̏̎̆̎̓̑́̊ 
̨̘̆̋̏̌̏̄̎̏ ̘̖̎̆̂̆̈̐̆̎̉ ̨̑̆́̄̆̎̓̃ȟ ̨̓̑̉̃́̌̏̒̓ ̗̐̑̏̆̒̔ ̓́ ̆̎̆̑̄̏̃̉̓̑́̓ ̎́ ̗̃̉̑̏̂̎̉̓̃̏ ̨̗̏̅̉̎̉ ̨̗̩̐̑̏̅̔̋Ȣ ˜̑̉ 
̗̝̏̍̔ȟ ̨̝̈́̄́̌̎ ̃̉̓̑́̓̉ ̨̨̖̘̖̍̎̉ ̨̑̆́̄̆̎̓̃ ̙̟̝̠̈̍̆̎̔̓̒ ̔ φȟφ ̑́̈̉ȟ ́ ̔ ̨̗̝̖̃̅̐̑́̏̃́̎̉ ̨̖̘̖̓̆̎̏̌̏̄̎̉ ̘̖̑̏̈̉̎́ 
̨̗̗̠̋̏̎̆̎̓̑́ ̨̝̒̔̌̅̔̕ ̨̟̎́̓̑ ̨ ̨̄̅̑̏̋̒̉̅̔ ̨̝̗̟̋́̌ ɀ ̨̨̃̅̐̏̃̅̎̏ ̔ φȟύ ̨ ψȟψ ̨̑́̈ ̃̐̑̉ ̨̘̒̋̏̑̏̆̎̎ ̨̓̑̉̃́̌̏̒̓ 
̨̖̘̓̆̎̏̌̏̄̎̏̄̏ ̗̐̑̏̆̒̔ ̔ φȟχ ̑́̈̉Ȣ ˝̏̈̑̏̂̌̆̎́ ̑̆̒̔̑̒̏̏́̅̎́̚ ̨̖̠̓̆̎̏̌̏̄ ̘̤̈́̂̆̈̐̆̔ ̠̏̑̍̔̃́̎̎̕ ̨̙̠̋̑̎̏̄̏ 
̨̍́̓̆̑́̌̔ ̠̅̌ ̖̃̆̑̔ ̠̃̈̔̓̓ ̨̈ ̨̝̙̈̂̌̆̎̉̍ ̖̃̉̏̅̏̍ ̨̐̌̏̚ ̎́ χȟύ ϻȟ ́ ̊̏̄̏ ̨̨̗̆̋̒̐̌̔́̓́̊̎ ̨̃̌́̒̓̉̃̏̒̓ 
̨̨̟̝̃̅̐̏̃̅́̓ ̃̉̍̏̄́̍ ˑ˞˟ˠ χυυω-95.  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̗̃̉̑̏̂̎̉̓̃̏ ̨̙̋̑̉ȟ ̨̘̝̃̅̍̏̔̃́̌̎̏-̨̝̈̏̌̎ ̗̐̑̏̆̒̉ȟ ̨̘̆̋̏̌̏̄̎̏ ̨̤̏̑̎̓̏̃́̎́ ̨̖̠̓̆̎̏̌̏̄ȟ 
̑̆̒̔̑̒̏̏́̅̎́̚ ̨̖̠̓̆̎̏̌̏̄ȟ ̨̃̌́̒̓̉̃̏̒̓ ̨̙̋̑̉Ȣ 
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ECOLOGICAL FEATURES OF SOAKING AND ASH PROCESSES IN THE PRODUCTION OF LEATHER  
 

Ecological and colloid-chemical features of soaking-ash processes in processing of raw cattle leather materials at production of 
elastic leather for uppers of footwear according to operating and developed resource-saving technologies are investigated. To evaluate the 
effectiveness of the technological processes used a set of physic-chemical and operational properties of leather semi-finished products at 
different stages of its formation to the finished material. 

Resource-saving ecologically oriented technology of soaking and ash processes in leather production for shoe uppers from raw 
salted conserved materials - bull skins has been developed. Physicochemical, technological and ecological features of existing and developed 
technologies are studied. The developed technology due to the increase of process temperature provides more efficient use of chemical 
reagents, reduction of concentrations of environmentally hazardous reagents, process duration and energy consumption per unit of output. 
At the same time, the total consumption of chemical reagents is reduced by 2.2 times, and in the waste technological solutions the 
concentration of sodium sulfide and calcium hydroxide - by 2.9 and 4.4 times, respectively. However, the developed resource-saving 
environmentally friendly technology is characterized by a reduction in biological and chemical oxygen demand for the destruction of organic 
and inorganic substances in the waste soaking-ash solution after treatment of 1 ton of raw materials by 30.0 and 21.0%, respectively. By 
reducing the duration of the technological process by 2.3 times, the new technology can be considered as energy efficient. The developed 
resource-saving technology provides the formation of leather material for shoe uppers with an increased yield of 3.9%, and its performance 
properties meet the requirements of DSTU 3115-95. The results obtained in the development of environmentally friendly resource-saving 
technology of soaking ash processes for footwear leather uppers from raw cattle leather materials can be effectively used in the development 
of new innovative technologies for the manufacture of leather materials from a wide range of other raw materials.  

Key words: leather production, soaking and ash processes, ecologically oriented technology, resource-saving technology, leather 
properties. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʫʯʘʩʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʽ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʡ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ, ʚʠʨʦʙʥʠʮʪʚʦ ʥʘʪʫʨʘʣʴʥʠʭ 

ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ [1], 

ʙʘʛʘʪʦʩʪʘʜʽʡʥʽʩʪʶ ʽ ʪʨʠʚʘʣʽʩʪʶ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ, ʪʦ ʚʠʥʠʢʘʻ ʦʙôʻʢʪʠʚʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʟʤʝʥʰʝʥʥʽ 

ʚʠʪʨʘʪ ʥʝʙʝʟʧʝʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘ ʩʪʘʜʽʾ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʩʢʦʨʦʯʝʥʥʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʦʜʠ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ [2], ʘ ʪʘʢʦʞ 

ʧʨʦʚʝʜʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʚʩʽʭ ʩʪʘʜʽʷʭ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

 

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʝʢʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʰʢʽʨʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʨʠ 

ʧʝʨʝʨʦʙʣʝʥʥʽ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʩʚʽʪʫ 4,8 ʤʣʥ ʪ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ [3] ʚ ʩʪʽʯʥʽ ʚʦʜʠ ʰʢʽʨʷʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʧʦʪʨʘʧʣʷʻ 80 ʪʠʩ. ʪ ʧʨʦʪʝʾʥʽʚ ʢʝʨʘʪʠʥʫ ʚ ʜʝʩʪʨʫʢʪʦʚʘʥʦʤʫ ʩʪʘʥʽ [4], ʱʦ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ ʜʦ 

ʦʢʠʩʥʝʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʶ ʰʢʽʨʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʩʝʨʚʦʚʘʥʦʾ ʩʠʨʦʚʠʥʠ ʟ ʚʤʽʩʪʦʤ 30 % 

ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ [5], ʷʢʠʡ ʧʦʪʨʘʧʣʷʻ ʫ ʩʪʽʯʥʽ ʚʦʜʠ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʩʪʘʜʽʾ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ 
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ʙʽʣʢʦʚʦʾ ʩʠʨʦʚʠʥʠ ʫ ʧʨʦʤʠʩʣʦʚʽ ʩʪʦʢʠ ʥʘʜʭʦʜʠʪʴ ʜʦ 50 % ʚʩʽʭ ʟʘʙʨʫʜʥʝʥʴ [6], ʫ ʪʦʤʫ ʯʠʩʣʽ ʧʦʥʘʜ 90 % 

ʩʫʣʴʬʽʜʽʚ. ʇʨʠ ʮʴʦʤʫ, ʩʪʽʯʥʽ ʚʦʜʠ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʤʽʩʪʷʪʴ ʨʝʯʦʚʠʥʠ ʢʦʣʦʾʜʥʠʭ ʽ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʨʦʟʤʽʨʽʚ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʛ/ʜʤ3 [7]: ʦʩʘʜʫ 170, ʟʘʚʠʩʣʠʭ 4,4, ʘʟʦʪʫ ʘʤʦʥʽʡʥʦʛʦ 2,5, ʭʣʦʨʠʜʽʚ 28, 

ʩʫʣʴʬʘʪʽʚ 22. ɺʽʜʦʤʦ ʪʘʢʦʞ, ʱʦ ʜʣʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʦʢʽʚ ʚʽʜʤʦʯʫʚʘʣʴʥʦ 

ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʪʨʘʪʠʪʠ 60 % ʢʠʩʥʶ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʰʢʽʨʷʥʠʤ ʚʠʨʦʙʥʠʮʪʚʦʤ [8]. 

ʆʪʞʝ, ʥʘʛʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʰʢʽʨʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʚʠʪʨʘʪ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʾʭ 

ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʢʽʨ ʰʠʨʦʢʦʛʦ 

ʘʩʦʨʪʠʤʝʥʪʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ 

ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-

ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʩʫʨʩʦʦʱʘʜʥʦʾ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɹʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʢʽʨ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʢʨʦʩʦʣʝʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʦʜʠ ʧʨʠʨʦʜʥʦʾ ɻʆʉʊ ISO 5667-11-2013, ʩʦʜʠ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʪʝʭʥʽʯʥʦʾ ʟʘ ɼʉʊʋ - 

UA-2019-02-28-002251-a, ʩʫʣʴʬʽʜʫ- ʽ ʛʽʜʨʦʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ ʚʽʜʧʦʚʽʜʥʦ ɻʆʉʊ 596-89 ʽ ʊʋ 2153-541-05763441-

2012, ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ɺʇ-ʂ-ɻ ɼʉʊʋ ɹ ɺ.2.7.-90:2011. ʗʢ ʩʠʨʦʚʠʥʘ ʫ ʨʦʙʦʪʽ  ʦʙʨʦʙʣʷʶʪʴʩʷ ʰʢʫʨʠ 

ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ (ɺʈʍ) ï ʙʠʯʠʥʘ ʣʝʛʢʘ ʤʦʢʨʦʩʦʣʝʥʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʤʘʩʦʶ 19ï21 ʢʛ, ʷʢʘ ʟʘ ʷʢʽʩʪʶ 

ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ɼʉʊʋ 3662-97.  

ɽʢʦʣʦʛʽʯʥʽʩʪʴ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʩʫʩʧʝʥʟʽʾ ʟʘ ʤʝʪʦʜʠʢʘʤʠ [9]. ɿʦʢʨʝʤʘ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʩʫʩʧʝʥʟʽʾ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʤʘʩʦʶ ʘʪʦʤʘʨʥʦʛʦ ʢʠʩʥʶ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʚ ʘʥʘʝʨʦʙʥʠʭ ʫʤʦʚʘʭ ʧʨʠ ʨʅ 6,5ï

8,5 ʧʨʦʪʷʛʦʤ 5 ʜʽʙ ï ʙʽʦʣʦʛʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ɹʉʂ-5) ʽ ʢʠʩʥʶ ʚʠʪʨʘʯʝʥʦʛʦ ʜʣʷ ʦʢʠʩʥʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʽ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʚʽʜʥʦʚʥʠʢʽʚ ʫ ʢʠʩʣʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ï ʭʽʤʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ (ʍʉʇ). ɺʦʜʥʦʯʘʩ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʦʢʠʩʥʶʚʘʥʽʩʪʴ ï ʟʘ ʩʧʦʩʦʙʦʤ ʂʶʙʝʣʷ, ʭʣʦʨʠʜʠ ï ʘʨʛʝʥʪʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʪʘ ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ ï ʚʘʛʦʚʠʤ 

ʤʝʪʦʜʦʤ.    

ʂʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʡ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʣʝʥʦʛʦ  ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘ ʥʘʙʫʭʘʥʥʷʤ 

ʛʦʣʠʥʠ, ʚʠʪʦʧʣʝʥʥʷʤ ʞʝʣʘʪʠʥʫ ʪʘ ʩʪʽʡʢʽʩʪʶ ʢʦʣʘʛʝʥʦʚʠʭ ʚʦʣʦʢʦʥ ʜʦ ʜʽʾ ʬʝʨʤʝʥʪʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʩʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʟʦʣʝʥʦʾ ʛʦʣʠʥʠ ʧʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʱʦʜʦ ʪʦʚʱʠʥʠ ʚʽʜʤʦʯʝʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʤʽʨʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʪʦʚʱʠʥʦʤʽʨʫ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʪʠʧʫ ʟ ʮʽʥʦʶ ʧʦʜʽʣʦʢ 0,01 ʤʤ ʟʘ ʤʝʪʦʜʠʢʦʶ [10]. ʂʽʣʴʢʽʩʪʴ 

ʚʠʪʦʧʣʝʥʦʛʦ ʞʝʣʘʪʠʥʫ ʟ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ (65Ñ0,1) Üʉ ʧʨʦʪʷʛʦʤ 1,5 ʛʦʜ ʥʘ 

ʬʦʪʦʝʣʝʢʪʨʦʢʘʣʦʨʠʤʝʪʨʽ çʌʕʂ-56ʄè ʧʦ ʢʘʣʽʙʨʫʚʘʣʴʥʦʤʫ ʛʨʘʬʽʢʫ çʆʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ ʨʦʟʯʠʥʫ ʞʝʣʘʪʠʥʫ ï 

ʚʽʜʩʦʪʦʢ ʩʫʭʦʛʦ ʟʘʣʠʰʢʫè ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 520 ʥʤ ʽ ʝʪʘʣʦʥʽ ï ʜʠʩʪʠʣʴʦʚʘʥʘ ʚʦʜʘ. ɼʣʷ ʚʠʪʦʧʣʝʥʥʷ 

ʞʝʣʘʪʠʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʝʟʦʣʝʥʽ ʟʨʘʟʢʠ ʟ ʦʛʫʟʢʦʚʦʾ ʜʽʣʷʥʢʠ ʧʨʦʤʠʪʽ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ ʧʨʦʪʦʯʥʦʶ ʚʦʜʦʶ. 

ʌʝʨʤʝʥʪʥʦ-ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ï ʪʨʠʚʘʣʽʩʪʶ ʨʦʟʯʠʥʝʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ ʟʨʽʟʽʚ ʜʝʨʤʠ 

ʦʛʫʟʢʦʚʦʾ ʯʘʩʪʠʥʠ ʪʦʚʱʠʥʦʶ 30 ʤʢʤ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ ʧʘʥʢʨʝʘʪʠʥʫ. ʇʦʨʠʩʪʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʣʘʛʝʥʦʚʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʡʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʧʽʩʣʷ ʩʧʠʨʪʦʚʦ-ʝʬʽʨʥʦʛʦ ʡʦʛʦ 

ʟʥʝʚʦʜʥʝʥʥʷ ʽ ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʧʨʠ 20 Ñ 2 Áʉ ʪʘ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 65 Ñ 5 % ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙôʻʤʽʚ 

ʘʙʩʦʨʙʦʚʘʥʦʛʦ ʛʘʩʫ ʽ ʟʨʘʟʢʘ. ɻʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʩʠʨʦʚʠʥʠ ʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ï ʟʘ ʧʦʯʘʪʢʦʚʠʤ 

ʩʢʦʨʦʯʝʥʥʷʤ ʜʦʚʞʠʥʠ ʟʨʘʟʢʘ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʫ ʚʦʜʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 2ï3 Üʉ/ʭʚ; ʛʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʪʘ ʚʠʜʦʚʞʝʥʥʷ 

ʰʢʽʨʠ ʧʨʠ ʥʘʧʨʫʞʝʥʥʽ 9,81 ʄʇʘ ï ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʈʊ-250ʄ, ʧʦʷʩ ɸ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ 80 

ʤʤ/ʭʚ ʟʘ ʤʝʪʦʜʠʢʘʤʠ [9]. ɺʠʭʽʜ ʧʣʦʱʽ ʦʪʨʠʤʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱʽ ʰʢʽʨʠ ʧʽʩʣʷ 

ʩʫʰʠʣʴʥʦ-ʟʚʦʣʦʞʫʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʦʧʝʨʘʮʽʡ ʜʦ ʧʣʦʱʽ ʚʽʜʤʦʯʝʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʩʪʘʙʽʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 27ï29 Üʉ ʚ 

ʫʤʦʚʘʭ ʧʨʠʚʘʪʥʦʛʦ ɸʊ çʏʠʥʙʘʨè ʤ. ʂʠʾʚ (ʋʢʨʘʾʥʘ) ʟʘ ʩʭʝʤʦʶ (ʨʠʩ. 1). ʇʨʦʮʝʩʠ ʧʨʦʚʦʜʷʪʴʩʷ ʫ ʙʘʨʘʙʘʥʽ 

ɺʫʣʢʘʥ ʦʙôʻʤʦʤ 21,0 ʤ3 ʬʽʨʤʠ Olcina (ɯʩʧʘʥʽʷ). ʇʨʠ ʚʽʜʤʦʯʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ 

3ï4 ʭʚï1 ʧʨʦʪʷʛʦʤ 50 % ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʧʝʨʽʦʜʠʯʥʽʩʪʶ 0,5 ʛʦʜ ʦʙʝʨʪʘʥʥʷ ʽ ʩʧʦʢʦʶ. ɺʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʽ 

ʧʨʦʮʝʩʠ ʚʠʢʦʥʫʶʪʴʩʷ ʧʨʠ ʟʤʽʥʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ / ʥʘʧʽʚʬʘʙʨʠʢʘʪ ï ʨʽʜʠʥʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ (ʈʂ). ʇʨʠ ʚʽʜʤʦʯʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʦʜʘ ʢʘʣʴʮʠʥʦʚʘʥʘ ʟ ʚʠʪʨʘʪʦʶ 0,5 % ʤʘʩʠ ʤʦʢʨʦʩʦʣʝʥʦʾ 

ʩʠʨʦʚʠʥʠ. ʎʝʡ ʧʨʦʮʝʩ ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʦʜʚʽʡʥʠʤ ʾʾ ʧʨʦʤʠʚʘʥʥʷʤ ʚʽʜʤʦʯʝʥʦʾ ʩʠʨʦʚʠʥʠ. 

ɼʣʷ ʟʦʣʽʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, % ʚʽʜ ʤʘʩʠ ʩʠʨʦʚʠʥʠ: ʛʽʜʨʦʩʫʣʴʬʽʜ ʥʘʪʨʽʶ ï 0,6, ʩʫʣʴʬʽʜ ʥʘʪʨʽʶ ï 

0,6, ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ ï 1,0. ɺʽʜʧʨʘʮʴʦʚʘʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ ʤʘʻ ʨʅ 11,5ï12,0 ʽ ʱʽʣʴʥʽʩʪʴ 1,020ï1,035 

ʛ/ʩʤ3. ɻʦʣʠʥʘ ʧʽʩʣʷ ʟʦʣʽʥʥʷ ʧʨʦʤʠʚʘʻʪʴʩʷ ʽ ʟ ʥʝʾ ʥʘ ʤʽʟʜʨʠʣʴʥʽʡ ʤʘʰʠʥʽ ʚʠʜʘʣʷʻʪʴʩʷ ʧʽʜʰʢʽʨʥʘ ʢʣʽʪʢʦʚʠʥʘ. 

ʇʦʪ̔ʤ ʦʪʨʠʤʘʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʨʦʟʜʽʣʷʻʪʴʩʷ ʥʘ ʜʚʦʾʣʴʥʦ-ʩʪʨʽʯʢʦʚʽʡ ʤʘʰʠʥʽ ʥʘ ʜʚʘ ʰʘʨʠ ʟ ʥʝʦʙʭʽʜʥʦʶ 

ʪʦʚʱʠʥʦʶ ʣʠʮʴʦʚʦʛʦ ʰʘʨʫ. ʇʦʜʘʣʴʰʽ ʧʨʦʮʝʩʠ ʽ ʦʧʝʨʘʮʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘ ʜʽʶʯʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ [11]. ʆʩʦʙʣʠʚʦʩʪʽ ʜʽʶʯʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʥʘ ʩʪʘʜʽʾ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 20ï22 Üʉ, ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 
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ɺʽʜʤʦʯʫʚʘʥʥʷ ɿʦʣʽʥʥʷ 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʚʽʜʤʦʯʫʚʘʥʦ-ʟʦʣʴʥʠʭ  ʧʨʦʮʝʩʽʚ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ ʟʘ ʨʝʩʫʨʩʦʦʱʘʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

 

ʊʘʙʣʠʮʷ 1 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ 

ʇʦʢʘʟʥʠʢ 
ʊʝʭʥʦʣʦʛʽʷ  

ʨʦʟʨʦʙʣʝʥʘ ʜʽʶʯʘ 

ʄʘʪʝʨʽʘʣʦʚʠʪʨʘʪʠ, ʢʛ/ʪ, 

ɺʠʪʨʘʪʠ ʚʦʜʠ, ʤ3/ʪ 

ʊʨʠʚʘʣʽʩʪʴ ʟʘʛʘʣʴʥʘ, ʛʦʜ 

ɺʤʽʩʪ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʨʦʟʯʠʥʽ, ʛ/ʜʤ3:     

                      ʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ 

                      ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ                         

ʉʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʢɺʪ/ʪ 

58,5 

8,6 

19,0 

 

2,75 

3,6 

22,7 

129,3 

11,5 

44,5 

 

8,0 

16,0 

38,3 

 

ɿ ʥʘʚʝʜʝʥʦʾ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʥʘʯʥʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʤʘʪʝʨʽʘʣʦʚʠʪʨʘʪ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ. 

ʂʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʩʫʩʧʝʥʟʽʡ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ 

ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʩʫʪʪʻʚʦ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʨʦʟʯʠʥʘʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. 

ɼʽʶʯʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ ʚʠʢʦʥʫʚʘʣʘʩʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʛʦ ʞ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʨʝʞʠʤʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʧʨʦʤʠʚʘʥʥʷʤ ʩʠʨʦʚʠʥʠ ʧʝʨʝʜ 

ʚʽʜʤʦʯʫʚʘʥʥʷʤ ʟʽ ʟʤʽʥʦʶ ʚʦʜʠ ʯʝʨʝʟ 0,5 ʛʦʜ ʽ ʜʦʜʘʚʘʥʥʷʤ 0,3 % ʩʦʜʠ ʢʘʣʴʮʠʥʦʚʘʥʦʾ ʚʽʜ  ʤʘʩʠ ʩʠʨʦʚʠʥʠ ʫ 

ʜʨʫʛʫ ʧʨʦʤʠʚʥʫ ʚʦʜʫ ʟʘ ʈʂ 1,5. ɺʽʜʤʦʯʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʈʂ 1,5 ʟ ʜʦʜʘʚʘʥʥʷʤ 1,6 % ʩʦʜʠ ʢʘʣʴʮʠʥʦʚʘʥʦʾ. 

ɼʣʷ ʟʦʣʽʥʥʷ ʚʠʪʨʘʯʘʻʪʴʩʷ, % ʤʘʩʠ ʩʠʨʦʚʠʥʠ: ʩʫʣʴʬʽʜ ʥʘʪʨʽʶ ʫ ʜʚʘ ʧʨʠʡʦʤʠ ʧʦ 1,5 ʟ ʽʥʪʝʨʚʘʣʦʤ 1 ʛʦʜ, 

ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ ï 4,2 [11]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʪʘʢʦʞ ʧʨʦ ʜʝʱʦ ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ ʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʨʦʟʯʠʥʘʭ (ʪʘʙʣʠʮʷ 2). 

ʊʘʙʣʠʮʷ 2 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʫʩʧʝʥʟʽʡ  

ʦʙʨʦʙʣʝʥʥʷ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ 

ʇʦʢʘʟʥʠʢ 
ʈʘʟʦʤ  

ʥʘ 1 ʪ ʩʠʨʦʚʠʥʠ 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʽʜʤʦʯʫʚʘʥʥʷ ʟʦʣʽʥʥʷ 
ʟʥʝʟʦʣʶʚʘʥʥʷ-

ʤôʷʢʰʝʥʥʷ 

ɹʉʂ-5, ʢʛ 

ʍʉʂ, ʢʛ 

ʆʢʠʩʥʶʚʘʥʽʩʪʴ, ʢʛ 

ɿʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʢʛ 

ʍʣʦʨʠʜʠ, ʢʛ 

57,0 / 74,0 

139,0 / 168,0 

77,0 / 98,0 

82,0 / 96,0 

172,0 / 179,0 

7,0 / 9,0 

30,0 / 33,0 

12,0 / 17,0 

7,0 / 8,0 

150,0 / 150,0 

49,5 / 62,5 

105,0 / 119,0 

65,0 / 81,0 

72,0 / 83,0 

ï  

1,5 / 2,5 

4,0 / 6,0 

ï 

3,0 / 5,0 

22,0 / 29,0 
ʇʨʠʤʽʪʢʘ. ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʨʦʙʣʝʥʦʾ ʽ ʜʽʶʯʦʾ ʪʝʭʥʦʣʦʛʽʡ ʥʘʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʦ ʫ ʯʠʩʝʣʴʥʠʢʫ ʽ ʟʥʘʤʝʥʥʠʢʫ. 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ 

ʚʽʜʤʦʯʫʚʘʥʥʷ-ʟʦʣʽʥʥʷ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʝʥʰʝʥʦʶ ʚʠʪʨʘʪʦʶ ʩʫʣʴʬʽʜʽʚ ʫ 2,4 ʨʘʟʠ, 

ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʫ 8 ʨʘʟ ʧʨʠ ʤʝʥʰʠʭ ʟʘʪʨʘʪʘʭ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ 1,7 ʨʘʟʠ ʪʘ ʩʢʦʨʦʯʝʥʥʽ ʟʘʛʘʣʴʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʫ 2,3 ʨʘʟʠ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʶʪʴʩʷ ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʫ 2,2 ʨʘʟʠ ʽ 
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ʚʦʜʠ ʥʘ 2,9 ʤ3/ʪ ʩʠʨʦʚʠʥʠ. ɺʦʜʥʦʯʘʩ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʨʦʟʯʠʥʠ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʘʶʪʴ ʤʝʥʰʠʡ ʚʤʽʩʪ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʩʫʣʴʬʽʜʽʚ ʽ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚʽʜʧʦʚʽʜʥʦ ʫ 2,9 ʽ 4,2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʶʯʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʚʠʪʨʘʪʠ ʢʠʩʥʶ ʜʣʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʥʝʚʠʢʦʨʠʩʪʘʥʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. 

ʆʪʞʝ, ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʝʢʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-

ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʤʘʣʦʚʽʜʭʦʜʥʽʩʪʶ, ʤʦʞʝ ʙʫʪʠ ʚʽʜʥʝʩʝʥʘ ʜʦ ʝʥʝʨʛʦʦʱʘʜʥʠʭ, ʤʘʻ ʩʫʪʪʻʚʽ ʧʝʨʝʚʘʛʠ 

ʧʝʨʝʜ ʜʽʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ 

ʝʣʘʩʪʠʯʥʦʛʦ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘ 

ʢʦʤʧʣʝʢʩʦʤ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʪʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʦʣʝʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ, ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʱʦ ʚʠʱʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʇʨʦ 

ʮʝ ʩʚʽʜʯʘʪʴ ʤʝʥʰʽ ʚʝʣʠʯʠʥʠ ʥʘʙʫʭʘʥʥʷ ʽ ʚʠʪʦʧʣʝʥʥʷ ʞʝʣʘʪʠʥʫ, ʙʽʣʴʰʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʜʽʾ ʬʝʨʤʝʥʪʽʚ ʫ ʧʝʨʰʦʤʫ 

ʚʠʧʘʜʢʫ. ɸʜʝʢʚʘʪʥʦ ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʝʣʘʩʪʠʯʥʽ ʰʢʽʨʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʱʦʶ ʤʽʮʥʽʩʪʶ, ʚʽʜʩʫʪʥʽʩʪʶ 

ʜʝʬʝʢʪʫ ʧʫʭʣʠʥʫʚʘʪʠʭ ʧʘʰʠʥ ʽ ʧʫʭʣʠʥʫʚʘʪʦʩʪʽ. ʇʦʤʽʨʥʝ ʥʘʙʫʭʘʥʥʷ ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʟʘʙʝʟʧʝʯʫʻ 

ʬʦʨʤʫʚʘʥʥʷ ʛʦʪʦʚʦʾ ʰʢʽʨʠ ʟ ʙʽʣʴʰʠʤ ʚʠʭʦʜʦʤ ʧʣʦʱʽ ʥʘ 3,9 % ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʢʽʨʷʥʦʾ ʩʠʨʦʚʠʥʠ. 

 

ʊʘʙʣʠʮʷ 3  

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʦʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ ʰʢʽʨʠ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ 

ʇʦʢʘʟʥʠʢ 
ʊʝʭʥʦʣʦʛʽʷ 

ʨʦʟʨʦʙʣʝʥʘ ʜʽʶʯʘ 

ʅʘʙʫʭʘʥʥʷ ʛʦʣʠʥʠ, % 

ɺʠʪʦʧʣʝʥʥʷ ʞʝʣʘʪʠʥʫ, % ʩʫʭʦʛʦ ʟʘʣʠʰʢʫ  

ʌʝʨʤʝʥʪʥʦ-ʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, ʭʚ 

ʇʦʨʠʩʪʽʩʪʴ, %, ʩʠʨʦʚʠʥʠ 

                       ï  ʛʦʣʠʥʠ 

                       ï  h ʢʽʨʠ 

ɻʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ, Üʉ, ʩʠʨʦʚʠʥʠ 

                       ï ʥʝʦʙʝʟʟʦʣʝʥʦʾ ʛʦʣʠʥʠ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʰʢʽʨʠ, ʄʇʘ 

ʐʢʽʨʠ ʟ ʧʫʭʣʠʥʫʚʘʪʠʤʠ ʧʘʰʠʥʘʤʠ ʽ ʧʫʭʣʠʥʫʚʘʪʽʩʪʶ, % 

ɺʠʭʽʜ ʧʣʦʱʽ ʰʢʽʨʠ, % 

21,0 

9,0 

55,0 

44,0 

52,0 

54,0 

65,0 

56,0 

23,0 

ï 

92,5 

26,0 

12,0 

52,0 

44,0 

50,0 

53,0 

65,0 

54,0 

21,5 

18 

89,0 

 

ʆʪʞʝ, ʨʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʥʥ-̫ʟʦʣʽʥʥʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ 

ʤʦʞʝ ʚʚʘʞʘʪʠʩʴ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʦʶ ʟʘ ʤʝʥʰʠʤ ʚʤʽʩʪʦʤ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʨʦʟʯʠʥʘʭ ʽ ʝʥʝʨʛʦʦʱʘʜʥʦʶ ʟʘ ʩʢʦʨʦʯʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʩʠʨʦʚʠʥʠ. ʇʨʠ ʮʴʦʤʫ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɼʦʩʣʽʜʞʝʥʦ ʬʽʟʠʢʦ-ʭʽʤ̔ʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʣʝʥʥʷ ʰʢʽʨʷʥʦʾ 

ʩʠʨʦʚʠʥʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ ʟʘ ʜʽʶʯʦʶ ʽ ʨʦʟʨʦʙʣʝʥʦʶ ʨʝʩʫʨʩʦʦʱʘʜʥʦʶ 

ʪʝʭʥʦʣʦʛʽʷʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʟʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʽʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʪʨʠʚʘʣʦʩʪʽ 

ʧʨʦʮʝʩʫ ʪʘ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʦʜʠʥʠʮʽ ʧʨʦʜʫʢʮʽʾ. ɿʦʢʨʝʤʘ, ʟʘʛʘʣʴʥʽ ʚʠʪʨʘʪʠ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʫ 2,2 ʨʘʟʠ, ʘ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʟʯʠʥʘʭ ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ ʽ 

ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ï ʚʽʜʧʦʚʽʜʥʦ ʫ 2,9 ʽ 4,4 ʨʘʟʠ ʧʨʠ ʩʢʦʨʦʯʝʥʥʽ ʪʨʠʚʘʣʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʫ 2,3 

ʨʘʟʠ. ʈʘʟʦʤ ʟ ʪʠʤ ʨʦʟʨʦʙʣʝʥʘ ʨʝʩʫʨʩʦʦʱʘʜʥʘ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʙʽʦʣʦʛʽʯʥʦʛʦ ʽ ʭʽʤʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʜʣʷ ʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʽ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʫ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʧʽʩʣʷ ʦʙʨʦʙʣʝʥʥʷ 1 ʪ ʩʠʨʦʚʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 30,0 ʽ 21,0 

%. ʈʦʟʨʦʙʣʝʥʘ ʨʝʩʫʨʩʦʦʱʘʜʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʰʢʽʨʷʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʽʟ ʟʙʽʣʴʰʝʥʠʤ ʚʠʭʦʜʦʤ ʧʣʦʱʽ ʥʘ 3,9 %, ʜʝʱʦ ʙʽʣʴʰʦʶ ʡʦʛʦ ʨʦʟʨʠʚʥʦʶ ʤʽʮʥʽʩʪʶ ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʽʶʯʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ 3115-95 çʐʢʽʨʘ ʜʣʷ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ. ɿʘʛʘʣʴʥʽ 

ʪʝʭʥʽʯʥʽ ʫʤʦʚʠè. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʝʢʦʣʦʛʽʯʥʦ ʦʨʽʻʥʪʦʚʘʥʦʾ ʨʝʩʫʨʩʦʦʱʘʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʽʜʤʦʯʫʚʘʣʴʥʦ-ʟʦʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ ʟ ʩʠʨʦʚʠʥʠ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨʷʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʰʠʨʦʢʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʟ ʽʥʰʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ.  
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CAPE: HISTORIC AL PAST AND FASHIONABLE PRESENT  
 

The paper studies historical and modern models of women's shoulder cape-type clothing, which has a long history and is a fashion 

trend of our time. A retrospective analysis of the types, shapes and varieties of cape decoration for the period from the 1750 to the early 
1900 was carried out based on photographs of original cape models stored in museum funds. It has been established that during its history 
from a simple cape made of coarse cloth or wool from the end of the 18th century the cape, in addition to its direct purpose to protect from 
the cold, began to perform an aesthetic and informational function, as it received the status of an element of the wardrobe of the nobility and 
the wealthy segments of the population. For the elite, capes like a cape were sewn from expensive and luxurious fabrics, decorated with 
embroidery, ribbons, fringe, lace, jewellery, embroidered with cords, lined with fur, in order to emphasize the owner's belonging to high 
society with all their appearance.  

It has been proven that historical clothes are relevant today and are an inexhaustible source of inspiration for modern designers 
who are subjects of different segments of the fashion system. Modern capes are extremely different from ancient models, have the greatest 
variety of types, shapes, options for stylistic embodiment than ever before. It is obvious that the "cape", as a design option for clothing, has 
gone beyond the concept of "shoulder cape" or "coat", and therefore should be considered an independent type of shoulder clothing. It has 
been established that by applying the principles of eclecticism through quotation, stylization or interpretation in costume design, it is 
possible to design an individual and unique image that will always create preferences for identifying its owner. A vivid example of this is the 
cape in the collections of world designers. 

Key words: cape, retrospective analysis, collection, source of creativity, decoration, clothing design. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʂʦʞʥʘ ʝʧʦʭʘ ʩʪʚʦʨʶʚʘʣʘ ʩʚʽʡ ʝʩʪʝʪʠʯʥʠʡ ʽʜʝʘʣ ʢʨʘʩʠ ʣʶʜʩʴʢʦʛʦ ʪʽʣʘ, ʽʜʝʘʣ ʞʽʥʦʯʥʦʩʪʽ, ʩʚʽʡ 

ʭʫʜʦʞʥʽʡ ʩʪʠʣʴ ʚ ʦʜʷʟʽ. ɯʩʪʦʨʠʯʥʠʡ ʨʦʟʚʠʪʦʢ ʟʤʽʥʠ ʢʦʩʪʶʤʘ ʦʙʫʤʦʚʣʝʥʽ ʤʦʜʦʶ ʪʘ ʩʪʠʣʝʤ ʝʧʦʭʠ. ɿ ʧʣʠʥʦʤ 

ʯʘʩʫ ʣʶʜʩʪʚʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʜʦ ʟʘʙʫʪʦʛʦ ʽ ʚʽʜʪʚʦʨʶʻ ʡʦʛʦ ʚ ʥʦʚʠʭ ʧʨʝʜʤʝʪʘʭ ʪʘ ʜʝʪʘʣʷʭ. ʑʦʩʝʟʦʥʫ ʜʠʟʘʡʥʝʨʠ 

ʦʜʷʛʫ ʜʠʚʫʶʪʴ ʥʘʩ ʥʦʚʠʤʠ ʢʦʣʝʢʮʽʷʤʠ, ʧʨʦʪʝ ʫ ʢʦʞʥʦʤʫ ʟ ʥʠʭ ʻ "ʥʦʪʘ" ʟʘʙʫʪʦʛʦ ʤʠʥʫʣʦʛʦ. 

ʆʜʥʠʤ ʟ ʬʘʚʦʨʠʪʽʚ ʤʦʜʥʠʭ ʧʦʢʘʟʽʚ ʢʦʣʝʢʮʽʡ ʚʽʜʦʤʠʭ ʜʠʟʘʡʥʝʨʽʚ ʪʘ ʩʪʽʡʢʠʡ ʪʨʝʥʜ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʻ 

ʞʽʥʦʯʠʡ ʢʝʡʧ, ʱʦ ʨʦʟʧʦʯʘʚ ʩʚʦʶ ʽʩʪʦʨʽʶ ʱʝ ʫ ʩʝʨʝʜʥʴʦʚʽʯʯʽ. ɯʩʪʦʨʠʯʥʦ ʮʝʡ ʚʠʜ ʚʝʨʭʥʴʦʛʦ ʦʜʷʛʫ ʚʽʜʥʦʩʷʪʴ 

ʜʦ ʥʘʢʠʜʦʢ, ʦʜʥʘʢ ʧʦʚʝʨʪʘʶʯʠʩʴ ʫ ʤʦʜʫ ʨʽʟʥʠʭ ʽʩʪʦʨʠʯʥʠʭ ʧʝʨʽʦʜʽʚ, ʢʝʡʧ ʟʤʽʥʶʚʘʚʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣʴʥʦ, ʪʘʢ 

ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ, ʚʽʜʪʚʦʨʶʶʯʠ ʝʩʪʝʪʠʯʥʽ ʽʜʝʘʣʠ ʥʦʚʦʛʦ ʯʘʩʫ ʪʘ, ʧʦʩʪʫʧʦʚʦ, ʟʤʽʥʶʶʯʠ ʩʚʦʶ ʛʦʣʦʚʥʫ ʬʫʥʢʮʽʶ 

ʚʽʜ ʧʨʦʩʪʦ ʫʪʠʣʽʪʘʨʥʦʾ ʜʦ ʝʩʪʝʪʠʯʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʦʾ [1]. 

ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʽʩʪʦʨʠʯʥʦʛʦ ʘʩʧʝʢʪʫ ʨʽʟʥʠʭ ʚʠʜʽʚ ʦʜʷʛʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʝʡʧ, ʱʦ 

ʙʘʟʫʶʪʴʩʷ ʥʘ ʟʨʘʟʢʘʭ ʤʫʟʝʡʥʠʭ ʝʢʩʧʦʥʘʪʽʚ ʯʠ ʧʨʠʚʘʪʥʠʭ ʢʦʣʝʢʮʽʡ, ʬʦʪʦʛʨʘʬʽʡ, ʢʘʨʪʠʥ ʪʘ ʛʨʘʚʶʨ ʨʽʟʥʠʭ 

ʯʘʩʽʚ, ʥʘ ʦʧʠʩʘʭ ʜʘʚʥʽʭ ʧʠʩʝʤʥʠʭ ʜʞʝʨʝʣ ʯʠ ʫ ʭʫʜʦʞʥʽʡ ʣʽʪʝʨʘʪʫʨʽ. ʂʦʞʝʥ ʧʝʨʽʦʜ ʞʠʪʪʷ ʤʦʜʠ ʤʘʻ ʩʚʦʶ 

ʪʨʠʚʘʣʽʩʪʴ ʽ ʩʧʝʮʠʬʽʢʫ, ʘ ʦʮʽʥʢʘ ʤʦʜʥʦʛʦ ʢʦʩʪʶʤʘ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʝʨʽʦʜʫ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʩʫʩʧʽʣʴʥʽʡ 

ʩʚʽʜʦʤʦʩʪʽ, ʥʘʙʫʚʘʶʯʠ ʟ ʯʘʩʦʤ ʥʦʚʠʭ ʨʠʩ ʪʘ ʟʥʘʯʝʥʥʷ. ʊʝ, ʱʦ ʤʦʜʝʣʽ ʢʝʡʧʫ, ʧʨʦʡʰʦʚʰʠ ʧʝʨʽʦʜ ʟʘʙʫʪʪʷ, 

ʟʥʦʚʫ ʟʘʭʦʧʠʣʠ ʩʚʽʪʦʚʽ ʧʦʜʽʫʤʠ ʪʘ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʪʨʝʥʜʽ ʙʽʣʴʰʝ ʧ'ʷʪʠ ʨʦʢʽʚ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʴ ʝʚʦʣʶʮʽʾ ʜʘʥʦʛʦ ʚʠʜʫ ʦʜʷʛʫ ʪʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʽʩʪʦʨʠʯʥʠʭ ʢʝʡʧ ʫ ʩʫʯʘʩʥʽ ʚʠʜʠ ʽ ʩʪʠʣʽʩʪʠʯʥʽ 

ʦʙʨʘʟʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɺ ʧʫʙʣʽʢʘʮʽʷʭ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʫʚʘʥʥʶ ʢʦʣʝʢʮʽʡ ʩʫʯʘʩʥʦʛʦ ʤʦʜʥʦʛʦ 

ʦʜʷʛʫ ʤʦʞʥʘ ʚʽʜʩʪʝʞʠʪʠ ʢʽʣʴʢʘ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ.  

ʊʨʘʜʠʮʽʡʥʦ ʪʚʦʨʯʠʤʠ ʜʞʝʨʝʣʘʤʠ ʚ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʙʫʜʴ-ʷʢʽ ʤʘʪʝʨʽʘʣʴʥʽ ʯʠ 

ʥʝʤʘʪʝʨʽʘʣʴʥʽ ʷʚʠʱʘ, ʧʽʜ ʚʧʣʠʚʦʤ ʷʢʠʭ ʫ ʜʠʟʘʡʥʝʨʘ ʚʠʥʠʢʘʻ ʧʝʚʥʘ ʽʜʝʷ, ʷʢʘ ʢʦʥʢʨʝʪʥʦ ʘʙʦ ʫʟʘʛʘʣʴʥʝʥʦ 

ʚʪ̔ʣʶʻʪʴʩʷ ʫ ʦʙʨʘʟ, ʱʦ ʧʦʩʪʫʧʦʚʦ ʪʨʘʥʩʬʦʨʤʫʻʪʴʩʷ ʚ ʬʦʨʤʫ, ʢʦʣʽʨ ʪʘ ʝʣʝʤʝʥʪʠ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʣʝʢʮʽʡ 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʟʘ ʜʞʝʨʝʣʦ ʪʚʦʨʯʦʩʪʽ ʦʙʠʨʘʣʠ ʧʨʝʜʤʝʪʠ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʛʦ ʤʠʩʪʝʮʪʚʘ [2, 3], ʝʪʥʽʯʥʽ 

ʤʦʪʠʚʠ ʪʘ ʝʣʝʤʝʥʪʠ ʦʟʜʦʙʣʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʦʜʷʛʫ [4, 5], ʪʚʘʨʠʥʥʠʡ ʪʘ ʨʦʩʣʠʥʥʠʡ ʩʚʽʪ [6], ʘʨʭʽʪʝʢʪʫʨʘ ʪʘ 

ʫʨʙʘʥʽʟʤ ʤʽʩʪ [7, 8], ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ [9, 10], ʩʦʮʽʘʣʴʥʽ ʢʘʪʘʢʣʽʟʤʠ ʫ ʩʫʩʧʽʣʴʩʪʚʽ, ʧʨʦʙʣʝʤʠ 

ʝʢʦʣʦʛʽʾ ʪʘ ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʘʢʦʞ ʝʢʦ-ʩʪʠʣʴ [11ï13], ʨʝʪʨʦ-ʤʦʜʫ [14, 15] ʪʘ ʚʽʥʪʘʞ [16].  

ɹʽʣʴʰ ʢʦʤʧʣʝʢʪʥʦ ʪʘ ʩʪʨʫʢʪʫʨʥʦ ʜʦʩʣʽʜʞʫʶʪʴ ʦʩʥʦʚʥʽ ʪʝʥʜʝʥʮʽʾ, ʽʥʥʦʚʘʮʽʾ ʨʦʟʚʠʪʢʫ ʪʘ ʬʘʢʪʦʨʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʤʦʜʠ ʷʢ ʩʠʩʪʝʤʠ ʩʫʯʘʩʥʽ ʫʢʨʘʾʥʩʴʢʽ ʥʘʫʢʦʚʮʽ: ʅ.ɺ. ʏʫʧʨʽʥʘ, ʄ.ɺ. ʂʦʣʦʩʥʽʯʝʥʢʦ, 

ʂ.ʃ. ʇʘʰʢʝʚʠʯ, ʃ. ɹʽʣʷʢʦʚʠʯ ʪʘ ʽʥʰʽ [14, 17, 18]. ʅʘ ʾʭ ʜʫʤʢʫ, ʘʜʘʧʪʘʮʽʷ ʪʚʦʨʯʠʭ ʟʘʜʫʤʽʚ ʽ ʤʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ 

ʤʠʥʫʣʠʭ ʧʝʨʽʦʜʽʚ ʤʦʜʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʻʚʨʦʧʝʡʩʴʢʦʾ ʤʦʜʠ 1920-ʭ ï 1980-ʭ ʨʨ., ʘ ʪʘʢʦʞ ʝʪʥʽʯʥʠʭ ʤʦʪʠʚʽʚ, 

ʟʘʧʦʟʠʯʝʥʠʭ ʟ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʨʘʜʠʮʽʡ ʨʽʟʥʠʭ ʥʘʨʦʜʽʚ ʽ ʨʝʛʽʦʥʽʚ, ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʦʧʦʣʦʞʥʠʭ ʪʝʥʜʝʥʮʽʡ 

ʬʦʨʤʫʚʘʥʥʷ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʝʢʪʥʠʭ ʦʙʨʘʟʽʚ ʚ ʩʠʩʪʝʤʽ ʤʦʜʠ ʧʦʯʘʪʢʫ ʍʍI ʩʪʦʨʽʯʯʷ [17, 18]. ɼʠʟʘʡʥʝʨʠ 

ʫʩʚʽʜʦʤʣʝʥʦ ʧʦʜʘʶʪʴ ʩʪʚʦʨʝʥʽ ʥʠʤʠ ʢʦʩʪʶʤʠ ʯʠ ʦʙʨʘʟʠ ʷʢ ʢʦʤʧʽʣʷʮʽʶ ʦʢʨʝʤʠʭ ʨʝʪʨʦ-ʝʣʝʤʝʥʪʽʚ, ʝʪʥʦ- ʯʠ 

ʬʦʣʴʢ-ʤʦʪʠʚʽʚ ʚʠʢʦʨʠʩʪʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʮʠʪʫʚʘʥʥʷ ʘʙʦ ʩʪʠʣʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ, ʧʨʦʛʨʝʩʠʚʥʽʩʪʴ ʚʠʷʚʣʷʻʪʴʩʷ ʚ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʘʪʝʨʽʘʣʽʚ ʯʠ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʘ ʨʝʪʨʦʩʧʝʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ 

ʩʪʦʩʫʻʪʴʩʷ ʢʫʣʴʪʫʨʥʦ-ʝʩʪʝʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʝʢʪʥʠʭ ʦʙʨʘʟʽʚ: ʩʪʠʣʽʟʘʮʽʾ ʭʫʜʦʞʥʽʭ ʬʦʨʤ, ʝʢʣʝʢʪʠʢʠ 

ʝʣʝʤʝʥʪʽʚ ʽʩʪʦʨʠʯʥʠʭ ʩʪʠʣʽʚ ʪʘ ʩʫʯʘʩʥʠʭ ʩʫʙʢʫʣʴʪʫʨʥʠʭ ʚʽʷʥʴ ʪʦʱʦ [14, 15]. 

ɺʠʚʯʝʥʥʷ ʽʩʪʦʨʠʟʤʫ ʚ ʜʠʟʘʡʥʽ ʦʜʷʛʫ ʻ ʚʘʞʣʠʚʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʦʤ ʥʝ ʣʠʰʝ ʩʫʯʘʩʥʦʾ fashion-

ʽʥʜʫʩʪʨʽʾ, ʘ ʡ ʤʠʩʪʝʮʪʚʦʟʥʘʚʩʪʚʘ ʚ ʮʽʣʦʤʫ [19, 20]. ʊʘʢ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʦʾ ʫ ʪʝʦʨʽʾ ʜʠʟʘʡʥʫ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʦʩʥʦʚʥʠʤʠ ʪʚʦʨʯʠʤʠ ʤʝʪʦʜʘʤʠ ʚ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʩʪʶʤʘ ʻ ʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʨʝʧʣʽʢʘʮʽʷ, 

ʮʠʪʫʚʘʥʥʷ, ʩʪʠʣʽʟʘʮʽʷ, ʽʤʽʪʘʮʽʷ, ʽʥʪʝʨʧʨʝʪʘʮʽʷ, ʘʩʦʮʽʘʮʽʷ, ʷʢʽ ʚ ʤʝʞʘʭ çʧʦʩʪʤʦʜʝʨʥʽʩʪʩʴʢʦʛʦ ʝʢʣʝʢʪʠʯʥʦʛʦ 

ʽʩʪʦʨʠʟʤʫè ʜʦʧʦʚʥʶʶʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ ʪʘ ʧʨʠʡʦʤʘʤʠ ʘʙʦ ʞ ʥʘʙʫʚʘʶʪʴ ʥʦʚʠʭ ʦʟʥʘʢ [19].  

Fudimova E. ʩʪʚʝʨʜʞʫʻ, ʱʦ ʩʘʤʝ ʽʩʪʦʨʠʯʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʜʷʛʫ, ʷʢ ʦʜʠʥ ʽʟ ʧʨʠʢʣʘʜʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʚʠʚʯʝʥʥʷ ʽʩʪʦʨʽʾ, ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʤʝʪʦʜʦʤ ʧʽʟʥʘʥʥʷ, ʷʢʠʡ ʘʢʫʤʫʣʶʻ ʽʥʰʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʥʘʡʙʽʣʴʰ 

ʧʦʚʥʦʛʦ ʽ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʘ, ʷʚʠʱʘ ʯʠ ʧʦʜʽʾ ʤʠʥʫʣʦʛʦ ʽ ʚʦʜʥʦʯʘʩ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʦʾ ʜʽʡʩʥʦʩʪʽ [20]. ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽʩʪʦʨʠʯʥʦʛʦ ʢʦʩʪʶʤʫ, ʜʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʦʙʨʘʟʫ ʧʝʚʥʦʛʦ 

ʭʨʦʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʢʦʥʢʨʝʪʥʦʤʫ ʨʝʛʽʦʥʽ, ʥʝʩʝ ʥʝ ʣʠʰʝ ʮʽʥʥʽʩʪʴ ʫ ʥʘʫʢʦʚʽʡ ʪʘ ʜʠʟʘʡʥʝʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʩʧʝʮʽʘʣʽʩʪʽʚ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʪʘ ʧʦʧʦʚʥʝʥʥʷʤ ʤʫʟʝʡʥʠʭ ʝʢʩʧʦʟʠʮʽʡ, ʘ ʤʘʻ ʽ ʮʽʣʢʦʤ ʧʨʘʢʪʠʯʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʫʯʘʩʥʽʡ ʢʽʥʦʽʥʜʫʩʪʨʽʾ, ʥʘ ʬʝʩʪʠʚʘʣʷʭ ʽʩʪʦʨʠʯʥʠʭ ʨʝʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʽʚʝʥʪ-ʽʥʜʫʩʪʨʽʾ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʦʜʷʛʫ ʟ ʧʦʛʣʷʜʫ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʩʪʽ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʜʘʥʦʤʫ ʧʠʪʘʥʥʶ, ʙʽʣʴʰʽʩʪʴ ʽʟ 

ʥʠʭ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʽʩʪʦʨʠʟʤʫ ʪʘ ʡʦʛʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚ ʩʫʯʘʩʥʽʡ ʤʦʜʽ. ʇʨʠ ʮʴʦʤʫ 

ʤʘʡʞʝ ʥʝʤʘʻ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʽʩʪʦʨʠʯʥʦʛʦ 

ʢʦʩʪʶʤʫ, ʧʨʝʜʤʝʪʫ, ʯʠ ʚʠʜʫ ʦʜʷʛʫ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʢʝʡʧʫ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʤʦʜʝʣʝʡ 

ʞʽʥʦʯʦʛʦ ʢʝʡʧ ʥʘ ʙʘʟʽ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʩʪʦʨʠʯʥʦʛʦ ʢʦʩʪʶʤʫ ʟ ʧʦʟʠʮʽʾ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɾʽʥʦʯʠʡ ʛʘʨʜʝʨʦʙ ʧʦʩʪʽʡʥʦ ʧʦʧʦʚʥʶʻʪʴʩʷ ʥʦʚʠʤʠ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʤʦʜʝʣʷʤʠ. ɺʝʣʠʢʘ ʾʭ ʯʘʩʪʠʥʘ ʻ 

ʧʦʻʜʥʘʥʥʷʤ ʟʚʠʯʥʠʭ ʜʣʷ ʥʘʩ ʨʝʯʝʡ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʝʩʧʦʜʽʚʘʥʽ ʚʽʜʢʨʠʪʪʷ. 

ʇʨʝʢʨʘʩʥʠʤ ʧʨʠʢʣʘʜʦʤ ʦʩʪʘʥʥʴʦʛʦ ʪʘ ʜʞʝʨʝʣʦʤ ʥʘʪʭʥʝʥʥʷ ʢʦʞʥʦʛʦ ʩʫʯʘʩʥʦʛʦ ʜʠʟʘʡʥʝʨʘ ʻ, ʟʥʦʚʫ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʡ, ʢʝʡʧ. ʉʫʯʘʩʥʠʡ ʩʪʠʣʴʥʠʡ ʢʝʡʧ ʜʣʷ ʞʽʥʦʢ ʥʘʩʧʨʘʚʜʽ ʤʘʻ ʩʚʦʶ ʙʘʛʘʪʫ ʽʩʪʦʨʽʶ, ʷʢʽʡ 

ʙʽʣʴʰʝ ʪʠʩʷʯʽ ʨʦʢʽʚ. ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʮʝʡ ʚʠʜ ʦʜʷʛʫ ʟʤʽʥʶʚʘʚ ʩʚʦʶ ʬʦʨʤʫ, ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ, ʧʨʦʧʦʨʮʽʾ, ʘ, 

ʛʦʣʦʚʥʝ, ʧʨʠʟʥʘʯʝʥʥʷ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʣʘʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʟʤʦʞʫʪʴ ʧʨʦʚʝʩʪʠ ʧʘʨʘʣʝʣʽ ʪʘ ʜʘʪʠ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʪʘʢʽ ʧʠʪʘʥʥʷ ʷʢ: ʯʦʤʫ ʩʪʘʨʦʜʘʚʥʽʡ ʦʜʷʛ ʧʦʚʝʨʪʘʻʪʴʩʷ ʽ ʟʥʦʚʫ ʩʪʘʻ ʫʣʴʪʨʘʤʦʜʥʠʤ; ʷʢ ʟʤʽʥʠʣʠʩʷ 

ʭʫʜʦʞʥʴʦ-ʢʦʤʧʦʟʠʮʽʡʥʽ ʨʽʰʝʥʥʷ ʧʣʝʯʦʚʦʛʦ ʚʠʨʦʙʫ ʟʘ ʜʦʚʛʠʡ ʽʩʪʦʨʠʯʥʠʡ ʧʝʨʽʦʜ; ʱʦ ʩʘʤʝ ʷʚʣʷʻ ʩʦʙʦʶ ʢʝʡʧ 

ʚ ʩʫʯʘʩʥʽʡ ʤʦʜʽ ʽ fashion-ʽʥʜʫʩʪʨʽʾ? 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʢʽʣʴʢʘ ʪʨʘʢʪʫʚʘʥʴ ʮʴʦʛʦ ʚʠʜʫ ʦʜʷʛʫ. ɿ ʧʦʛʣʷʜʫ ʽʩʪʦʨʽʾ ʢʦʩʪʶʤʫ ʪʘ 

ʩʫʯʘʩʥʦʾ ʰʚʝʡʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ "ʂʝʡʧ" (ʘʥʛʣ. ʉape ï ʤʠʩ, ʧʣʘʱ, ʥʘʢʠʜʢʘ, ʢʘʧʶʰʦʥ, ʧʝʣʝʨʠʥʘ) ï ʮʝ ʨʽʟʥʦʚʠʜ 

ʚʝʨʭʥʴʦʛʦ ʧʣʝʯʦʚʦʛʦ ʦʜʷʛʫ, ʘ ʩʘʤʝ ʥʘʢʠʜʢʘ ʙʝʟ ʨʫʢʘʚʽʚ ʽ ʧʨʦʡʤ ʚʽʣʴʥʦʛʦ (ʟʘʟʚʠʯʘʡ ʪʨʘʧʝʮʝʚʠʜʥʦʛʦ) ʢʨʦʶ, ʽʟ 

ʟʘʩʪʽʙʢʦʶ ʘʙʦ ʙʝʟ, ʽ ʤʦʞʝ ʤʘʪʠ ʦʪʚʦʨʠ ʜʣʷ ʨʫʢ [21]. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ, ʱʦ ʚʽʜʨʽʟʥʷʻ ʢʝʡʧ ʚʽʜ ʧʦʥʯʦ ʽ 

ʧʝʣʝʨʠʥ ï ʮʝ ʯʽʪʢʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʘ ʣʽʥʽʷ ʧʣʝʯʝʡ [22]. ɼʝʷʢʽ ʩʫʯʘʩʥʽ ʥʘʫʢʦʚʮʽ ʚʠʟʥʘʯʘʶʪʴ ʢʝʡʧ ʷʢ ʨʽʟʥʦʚʠʜ 

ʧʘʣʴʪʘ, ʱʦ ʥʝʤʘʻ ʨʫʢʘʚʽʚ, ʘʣʝ ʤʘʻ ʦʪʚʦʨʠ ʜʣʷ ʨʫʢ [23]. ʇʨʦʪʝ ʞʦʜʥʝ ʟ ʮʠʭ ʚʠʟʥʘʯʝʥʴ ʥʝ ʤʦʞʝ ʮʽʣʢʦʤ 

ʚʽʜʪʚʦʨʠʪʠ ʩʫʪʥʽʩʪʴ ʪʦʛʦ ʦʙ'ʻʢʪʫ ʜʠʟʘʡʥʫ, ʷʢʠʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʪʘʚ ʢʝʡʧ. 

ɾʽʥʦʯʠʡ ʢʝʡʧ ʩʪʘʚ ʙʝʟʟʘʧʝʨʝʯʥʠʤ ʪʨʝʥʜʦʤ ʤʦʜʥʠʭ ʩʝʟʦʥʽʚ ʪʘ ʟʥʦʚʫ ʫʚʽʨʚʘʚʩʷ ʥʘ ʩʚʽʪʦʚʽ ʤʦʜʥʽ 

ʧʦʜʽʫʤʠ ʱʝ ʟ 2013 ʨʦʢʫ, ʘ ʧʽʢʫ ʩʚʦʻʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʜʦʩʷʛ ʫ 2018ï2021 ʨʦʢʘʭ [22, 24ï27]. ɺʽʥ ʧʽʜʢʦʨʠʚ ʩʝʨʮʷ 

ʙʘʛʘʪʴʦʭ ʟʘʨʫʙʽʞʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʟʥʘʤʝʥʠʪʦʩʪʝʡ ʩʫʯʘʩʥʦʩʪʽ, ʷʢʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʤʦʜʥʽ ʣʫʢʠ ʟ ʢʝʡʧʦʤ 
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(ʨʠʩ. 1). ɿʦʢʨʝʤʘ ʩʪʠʣʴʥʽ ʦʙʨʘʟʠ ʟ ʢʝʡʧʦʤ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ɻʝʨʮʦʛʠʥʷ ʂʝʤʙʨʠʜʞʩʴʢʘ, ʂʝʡʪ ʄʽʜʜʣʪʦʥ ʫ 

2016 ʨʦʮʽ, ʧʝʨʰʘ ʣʝʜʽ ʋʢʨʘʾʥʠ ʆʣʝʥʘ ɿʝʣʝʥʩʴʢʘ ʥʘ ʽʥʘʚʛʫʨʘʮʽʾ ʚ 2019 ʨʦʮʽ, ʧʝʨʰʘ ʣʝʜʽ ʉʐɸ ʄʝʣʘʥʽʷ ʊʨʘʤʧ 

ʫ 2019 ʨʦʮʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʩʚʽʪʦʚʽ ʧʫʙʣʽʯʥʠʭ ʦʩʦʙʠʩʪʦʩʪʝʡ.  

 

 
ʈʠʩ. 1. ʄʦʜʥʽ ʢʝʡʧ ʫ ʛʘʨʜʝʨʦʙʽ ʟʥʘʤʝʥʠʪʦʩʪʝʡ 

 

ʇʝʨʰʠʤʠ ʚʽʜʨʦʜʠʣʠ ʢʝʡʧ ʚ ʷʢʦʩʪʽ ʤʦʜʥʦʾ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʦʜʷʛʫ ʚʽʜʨʘʟʫ ʜʝʢʽʣʴʢʘ ʙʨʝʥʜʽʚ ï Chloôe ʽ 

Alexander Wang ʫ ʢʦʣʝʢʮʽʷʭ 2011 ʨʦʢʫ. ɼʘʣʽ ʢʝʡʧʠ ʧʦʯʘʣʠ ʟ'ʷʚʣʷʪʠʩʷ ʚ ʢʦʣʝʢʮʽʷʭ ʪʘʢʠʭ ʙʨʝʥʜʽʚ, ʷʢ Valentino, 

Elie Saab, Burberry, Christian Dior, Michael Kors, Rebecca Minkoff, Fendi, Louis Vuitton's, Gareth Pugh, Marni, 

D & G, Jason Wu, Marc Jacobs, Boss, Max Mara ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ [25ï28 ]. ɼʦ 2022 ʨʦʢʫ ʢʝʡʧʠ ʩʪʘʣʠ ʥʘʡʙʽʣʴʰ 

ʟʘʪʨʝʙʫʚʘʥʠʤ ʚʠʜʦʤ ʞʽʥʦʯʦʛʦ ʦʜʷʛʫ, ʱʦ ʘʩʦʮʽʶʻʪʴʩʷ ʽʟ ʢʦʨʦʣʽʚʩʴʢʦʶ ʚʠʰʫʢʘʥʽʩʪʶ, ʞʽʥʦʯʥʽʩʪʶ, 

ʝʣʝʛʘʥʪʥʽʩʪʶ, ʥʝʧʦʚʪʦʨʥʽʩʪʶ ʩʪʚʦʨʝʥʥʷ ʦʙʨʘʟʫ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʶ ʚʣʘʩʥʠʮʽ ʤʦʜʥʦʛʦ 

ʛʘʨʜʝʨʦʙʫ. 

ʉʫʯʘʩʥʽ ʢʝʡʧʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʚʠʜʽʚ, ʬʦʨʤ, ʚʘʨʽʘʥʪʽʚ ʩʪʠʣʽʩʪʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ ʥʽʞ 

ʙʫʜʴ-ʢʦʣʠ ʜʦ ʪʦʛʦ, ʟʘ ʩʚʦʶ ʪʠʩʷʯʦʣʽʪʥʶ ʽʩʪʦʨʽʶ. ɺ ʩʫʧʝʨʝʯ ʧʦʰʠʨʝʥʽʡ ʜʫʤʮʽ ʧʨʦ ʪʝ, ʱʦ ʢʝʡʧ ï ʮʝ ʥʘʢʠʜʢʘ ʯʠ 

ʧʘʣʴʪʦ, ʩʫʯʘʩʥʽ ʜʠʟʘʡʥʝʨʠ ʪʘ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʽ ɹʫʜʠʥʢʠ ʤʦʜ ʚ ʩʚʦʾʭ ʢʦʣʝʢʮʽʷʭ ʧʨʦʧʦʥʫʶʪʴ ʢʝʡʧ-ʢʫʨʪʢʠ, 

ʢʝʡʧ-ʞʘʢʝʪʠ, ʢʝʡʧ-ʧʘʣʴʪʦ, ʢʝʡʧ-ʢʘʨʜʠʛʘʥʠ, ʚʝʯʽʨʥʽʡ ʚʘʨʽʘʥʪ ʢʝʡʧ ʫ ʚʠʛʣʷʜʽ ʙʘʛʘʪʦ ʦʟʜʦʙʣʝʥʦʾ ʥʘʢʠʜʢʠ, ʢʝʡʧ-

ʩʫʢʥʽ, ʢʝʡʧ-ʙʣʫʟʠ ʽ, ʥʘʚʽʪʴ, ʢʝʡʧ-ʢʦʤʙʽʥʝʟʦʥʠ (ʨʠʩ. 2).  

 

     
           ʘ)   ʙ)     ʚ)         ʛ)             ʜ) 

     
          ʝ)   ʞ)         ʟ)               ʢ)         ʣ) 

ʈʠʩ. 2. ɺʘʨʽʘʮʽʾ ʩʫʯʘʩʥʠʭ ʢʝʡʧ: ʘ) ʢʝʡʧ-ʩʫʢʥʷ; ʙ) ʢʝʡʧ-ʜʞʝʤʧʝʨ; ʚ) ʚʝʯʽʨʥʽʡ ʢʝʡʧ; ʛ, ʜ) ʢʝʡʧ-ʙʣʫʟʘ; ʝ) ʢʝʡʧ-ʢʘʨʜʠʛʘʥ;  

ʞ) ʞʘʢʝʪ-ʢʝʡʧ; ʟ) ʢʝʡʧ-ʧʣʘʱ; ʢ) ʢʝʡʧ-ʧʘʣʴʪʦ; ʣ) ʢʝʡʧ-ʢʦʤʙʽʥʝʟʦʥ 
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ʉʫʯʘʩʥʽ ʤʦʜʝʣʽ ʢʝʡʧ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ: ʙʝʟ ʟʘʩʪʽʙʢʠ, ʘʙʦ ʽʟ ʟʘʩʪʽʙʢʦʶ ʙʽʣʷ ʛʦʨʣʦʚʠʥʠ; 

ʽʟ ʧʦʷʩʦʤ, ʽʟ ʢʘʧʶʰʦʥʦʤ ʯʠ ʙʝʟ, ʽʟ ʢʦʤʽʨʘʤʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʽ ʙʝʟ, ʽʟ ʟʤʽʱʝʥʦʶ ʟʘʩʪʽʙʢʦʶ ʥʘ ˇʫʜʟʠʢʠ, ʥʘ 

ʙʣʠʩʢʘʚʢʫ, ʽʟ ʢʠʰʝʥʷʤʠ ʽ ʙʝʟ ʥʠʭ. ʄʦʜʥʽ ʢʝʡʧʠ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʾ ʜʦʚʞʠʥʠ, ʘʣʝ 

ʯʘʩʪʽʰʝ ʚʽʜ ʣʽʥʽʾ ʩʪʝʛʦʥ ʜʦ ʩʝʨʝʜʠʥʠ ʩʪʝʛʥʘ. ʄʦʞʫʪʴ ʚʠʛʦʪʦʚʣʷʪʠʩʷ ʽʟ ʣʝʛʢʦʾ ʘʪʣʘʩʥʦʾ ʽ ʰʦʚʢʦʚʦʾ ʪʢʘʥʠʥʠ ʜʣʷ 

ʚʝʯʽʨʥʽʭ ʦʙʨʘʟʽʚ, ʽʟ ʱʽʣʴʥʦʾ ʰʝʨʩʪʷʥʦʾ ʯʠ ʢʘʰʝʤʽʨʦʚʦʾ ʪʢʘʥʠʥʠ ʜʣʷ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʚʞʠʪʢʫ, ʘ ʪʘʢʦʞ ʽʟ ʟʘʤʰʽ, 

ʰʢʽʨʠ ʘʙʦ ʩʫʢʥʘ, ʽ ʥʘʚʽʪʴ ʚ'ʷʟʘʥʽ ʟ ʪʨʠʢʦʪʘʞʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʥʦʩʠʪʠ ʡʦʛʦ ʚ ʨʽʟʥʦʤʘʥʽʪʥʫ ʧʦʛʦʜʫ ʽ ʫ ʨʽʟʥʠʭ 

ʚʠʧʘʜʢʘʭ. ɭʜʠʥʘ ʚʠʤʦʛʘ ï ʪʢʘʥʠʥʘ ʤʘʻ ʪʨʠʤʘʪʠ ʬʦʨʤʫ, ʦʩʢʽʣʴʢʠ ʢʦʥʩʪʨʫʢʮʽʷ ʢʝʡʧʫ ʧʝʨʝʜʙʘʯʘʻ ʢʨʽʡ ʧʦ ʢʦʩʽʡ. 

ʑʦʙ ʦʮʽʥʠʪʠ ʷʢʽ ʰʘʣʝʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʽʜʙʫʣʠʩʷ ʟ ʜʘʥʠʤ ʚʠʜʦʤ ʦʜʷʛʫ, ʚʘʨʪʦ ʟʘʛʣʠʙʠʪʠʩʷ ʚ 

ʽʩʪʦʨʠʯʥʝ ʤʠʥʫʣʝ ʪʘ ʧʨʦʚʝʩʪʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʘʥʘʣʽʟ.  

ʇʝʨʰʦʜʞʝʨʝʣʦʤ ʜʘʥʦʛʦ ʧʨʝʜʤʝʪʫ ʛʘʨʜʝʨʦʙʫ ʚʚʘʞʘʶʪʴ ʫʣʶʙʣʝʥʠʡ ʦʜʷʛ ʜʨʝʚʥʽʭ ʛʨʝʢʽʚ, ʘ ʩʘʤʝ ʷʢ 

ʝʣʝʤʝʥʪ ʚʝʨʭʥʴʦʛʦ ʦʜʷʛʫ ʚʽʥ ʟ'ʷʚʠʚʩʷ ʫ ʩʝʨʝʜʥʴʦʚʽʯʥʽʡ ɸʥʛʣʽʾ. ɺ ʪʽ ʯʘʩʠ ʘʥʛʣʽʡʩʴʢʽ ʣʠʮʘʨʽ ʥʝʦʜʤʽʥʥʦ ʙʨʘʣʠ ʟ 

ʩʦʙʦʶ ʚ ʧʦʭʦʜʠ ʜʦʚʛʫ ʥʘʢʠʜʢʫ ʟ ʚʦʚʥʠ ʟ ʛʣʠʙʦʢʠʤ ʢʘʧʶʰʦʥʦʤ, ʱʦ ʟʘʚ'ʷʟʫʚʘʣʘʩʷ ʥʘʚʢʦʣʦ ʰʠʾ ʽ ʟʘʭʠʱʘʣʘ ʚʽʜ 

ʥʝʩʧʨʠʷʪʣʠʚʦʾ ʧʦʛʦʜʠ, ʽ ʥʝʨʽʜʢʦ ʩʣʫʛʫʚʘʣʘ ʢʦʚʜʨʦʶ. ʊʘʢʽ ʞ ʥʘʢʠʜʢʠ ʥʦʩʠʣʠ ʯʝʥʮʽ ʽ ʤʘʥʜʨʽʚʥʠʢʠ. ɺ XVI ʩʪ. 

ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʢʦʨʠʩʪʫʚʘʥʥʷ ʾʟʜʷʯʠ ʚʝʨʭʠ ʥʘ ʢʦʥʷʭ, ʫ ʟʘʭʠʩʥʽʡ ʤʘʥʪʽʾ ʟ'ʷʚʠʣʠʩʷ ʧʨʦʨʽʟʠ ʜʣʷ ʨʫʢ ʽ ʜʦʜʘʪʢʦʚʽ 

ʟʘʚ'ʷʟʢʠ ʥʘ ʛʨʫʜʷʭ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʦ ʧʨʘʢʪʠʯʥʽʩʪʴ ʦʜʷʛʫ. ʋ ɺʽʢʪʦʨʽʘʥʩʴʢʫ ʝʧʦʭʫ (1837ï1901) ʪʘʢʽ 

ʥʘʢʠʜʢʠ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ "ʢʝʡʧ" ʽ ʩʪʘʣʠ "ʫʥʽʬʦʨʤʦʶ" ʤʘʡʞʝ ʚʩʽʭ ʨʦʜʽʚ ʚʽʡʩʴʢ ɹʨʠʪʘʥʩʴʢʦʾ ʽʤʧʝʨʽʾ [22, 28], ʘ 

ʩʪʦʣʽʪʪʷʤ ʨʘʥʽʰʝ ʧʝʨʝʡʰʣʠ ʫ ʞʽʥʦʯʠʡ ʛʘʨʜʝʨʦʙ. 

ʉʘʤʝ ʚ ʞʽʥʦʯʦʤʫ ʛʘʨʜʝʨʦʙʽ ʮʝʡ ʚʠʜ ʥʘʢʠʜʢʠ ʥʘʙʫʚ ʰʘʣʝʥʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʪʘ ʩʪʘʚ ʥʘʜʟʚʠʯʘʡʥʦ 

ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʷʢ ʟʘ ʚʠʜʦʤ, ʪʘʢ ʽ ʟʘ ʙʘʛʘʪʩʪʚʦʤ ʦʟʜʦʙʣʝʥʥʷʤ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʦʩʥʦʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ. ɰʭ ʧʦʧʫʣʷʨʥʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʘʣʴʪʦ, ʷʢ ʚʠʜ ʪʝʧʣʦʛʦ ʦʜʷʛʫ ʜʦ ʍɯʍ ʩʪʦʨʽʯʯʷ ʙʫʚ ʤʘʣʦ 

ʚʽʜʦʤʠʤ ʪʘ ʥʝʧʦʧʫʣʷʨʥʠʤ, ʘ ʪʝʧʣʦ ʦʜʷʛʘʪʠʩʷ ʙʫʣʦ ʧʦʪʨʽʙʥʦ. ʊʘʢʦʞ ʽ ʧʠʰʥʽ ʩʫʢʥʽ ʪʠʭ ʨʦʢʽʚ ʯʘʩʦʤ ʥʝ 

ʜʦʟʚʦʣʷʣʠ ʦʜʷʛʘʪʠ ʚʝʨʭʥʽʡ ʦʜʷʛ ʟ ʧʨʷʤʠʤ ʬʘʩʦʥʦʤ ʽ ʜʦʚʛʠʤʠ ʚʫʟʴʢʠʤʠ ʨʫʢʘʚʘʤʠ.  

ɯʩʪʦʨʽʷ ʤʦʜʠ ʟʥʘʻ ʯʠʤʘʣʦ ʧʨʠʢʣʘʜʽʚ, ʢʦʣʠ ʩʭʦʞʽ, ʩʧʦʨʽʜʥʝʥʽ ʨʝʯʽ ʚ ʨʽʟʥʽ ʧʝʨʽʦʜʠ ʽ ʚ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ 

ʧʦʟʥʘʯʘʣʠʩʷ ʨʽʟʥʠʤʠ ʥʘʟʚʘʤʠ. ʈʽʟʥʽ ʥʘʨʦʜʠ ʥʘʟʠʚʘʣʠ ʦʜʷʛ ʪʘʢʦʛʦ ʨʦʜʫ ʥʘ ʩʚʽʡ ʣʘʜ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʠʤʠ ʟ 

ʚʽʜʦʤʠʭ ʩʪʘʣʠ: "ʙʫʨʥʫʩ" (ʬʨ. Burnous) ï ʮʝ ʧʣʘʱ ʟ ʢʘʧʶʰʦʥʦʤ ʟ ʛʨʫʙʦʾ ʚʦʚʥʷʥʦʾ ʪʢʘʥʠʥʠ, ʯʘʩʪʽʰʝ ʙʽʣʦʛʦ 

ʢʦʣʴʦʨʫ, ʱʦ ʥʘʢʠʜʘʚʩʷ ʥʘ ʧʣʝʯʽ, ʫ ʘʨʘʙʽʚ ʽ ʙʝʨʙʝʨʽʚ; "ʙʫʨʢʘ" ï ʧʣʘʱ ʙʽʣʦʛʦ, ʯʦʨʥʦʛʦ ʘʙʦ ʙʫʨʦʛʦ ʢʦʣʴʦʨʫ, 

ʟʨʦʙʣʝʥʠʡ ʟ ʧʦʚʩʪʽ, ʧʦʰʠʨʝʥʠʡ ʫ ʥʘʨʦʜʽʚ ʂʘʚʢʘʟʫ; "ʩʘʣʦʧ" ï ʚʝʨʭʥʽʡ ʞʽʥʦʯʠʡ ʦʜʷʛ ʫ ʚʠʛʣʷʜʽ ʰʠʨʦʢʦʾ ʜʦʚʛʦʾ 

ʥʘʢʠʜʢʠ ʟ ʧʝʣʝʨʠʥʦʶ ʽ ʧʨʦʨʽʟʘʤʠ ʜʣʷ ʨʫʢ ʘʙʦ ʢʦʨʦʪʢʠʤʠ ʨʫʢʘʚʘʤʠ ʚ ɿʘʭʽʜʥʽʡ ɭʚʨʦʧʽ ʽ ʚ ʈʦʩʽʾ ʚ ʢʽʥʮʽ XɯɯI 

ʩʪʦʣʽʪʪʷ.  

ɿ ʩʝʨʝʜʠʥʠ ʍɯʍ ʩʪ. ʟôʷʚʠʣʠʩʷ ʡ ʽʥʰʽ ʥʘʟʚʠ ʚʝʨʭʥʽʭ ʥʘʢʠʜʦʢ-ʧʣʘʱʽʚ, ʷʢ "ʪʘʣʴʤʘ" ï ʢʦʨʦʪʢʘ ʽ 

ʥʝʰʠʨʦʢʘ ʥʘʢʠʜʢʘ ʽʟ ʥʝʚʠʩʦʢʠʤ ʢʦʤʽʨʦʤ ʩʪʦʷʢʦʤ, ʱʦ ʟʘʚ'ʷʟʫʚʘʣʘʩʷ ʥʘʚʢʦʣʦ ʰʠʾ ʩʪʨʽʯʢʘʤʠ ʽ ʦʟʜʦʙʣʶʚʘʣʘʩʷ 

ʤʝʨʝʞʠʚʦʤ ʽ ʙʘʭʨʦʤʦʶ; "ʨʦʪʦʥʜʘ" ï ʰʠʨʦʢʠʡ ʜʦʚʛʠʡ, ʜʦ ʱʠʢʦʣʦʪʦʢ, ʚʝʨʭʥʽʡ ʞʽʥʦʯʠʡ ʦʜʷʛ ʪʠʧʫ ʥʘʢʠʜʢʠ ʟʽ 

ʩʪʦʷʯʠʤ ʢʦʤʽʨʦʤ, ʽʥʦʜʽ ʪʝʧʣʠʡ, ʥʘ ʭʫʪʨʽ; "ʩʦʨʪʠ-ʜʝ-ʙʘʣʴ" ʽ "opera cape" ï ʮʝ ʜʦʚʛʘ ʩʚʷʪʢʦʚʘ ʥʘʢʠʜʢʘ ʜʦ 

ʧʽʜʣʦʛʠ, ʟ ʣʝʛʢʠʭ ʪʢʘʥʠʥ ʘʙʦ ʤʝʨʝʞʠʚʘ, ʟ ʙʘʛʘʪʠʤ ʦʟʜʦʙʣʝʥʥʷʤ, ʱʦ ʧʨʠʢʨʠʚʘʣʘ ʚʝʯʽʨʥʶ ʩʫʢʥʶ ʪʘ ʽʥʰʽ [28, 

29].  

ɿʘ ʧʦʰʫʢʦʤ ʜʘʥʠʭ ʫ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ, ʟʦʢʨʝʤʘ ʥʘ ʧʣʘʪʬʦʨʤʽ ʬʦʪʦ-ʩʝʨʚʽʩʫ Pinterest ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʥʣʘʡʥ-ʧʣʘʪʬʦʨʤʠ Google Arts & Culture ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʬʦʪʦʛʨʘʬʽʡ ʦʨʠʛʽʥʘʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʢʝʡʧ ʪʘ ʥʘʢʠʜʦʢ ʨʽʟʥʠʭ ʯʘʩʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʤʫʟʝʡʥʠʭ ʬʦʥʜʘʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʢʦʣʝʢʮʽʷʭ. ʅʘ ʨʠʩ. 

3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʨʘʛʤʝʥʪ ʚʠʙʽʨʢʠ ʬʦʪʦʛʨʘʬʽʡ ʘʥʪʠʢʚʘʨʥʠʭ ʤʦʜʝʣʝʡ ʢʝʡʧ, ʱʦ ʩʬʦʨʤʦʚʘʥʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘ ʧʝʨʽʦʜ ʟ 1750-ʭ ʜʦ ʧʦʯʘʪʢʫ 1900-ʭ ʨʦʢʽʚ (ʨʠʩ. 3).  
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ʈʠʩ. 3. ʌʦʪʦʛʨʘʬʽʡ ʦʨʠʛʽʥʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʢʝʡʧ, ʱʦ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʤʫʟʝʡʥʠʭ ʬʦʥʜʘʭ (ʬʨʘʛʤʝʥʪ ʚʠʙʽʨʢʠ) 

 

ɸʥʘʣʽʟʫʶʯʠ ʬʦʪʦʛʨʘʬʽʾ, ʤʦʞʥʘ ʧʨʦʩʣʽʜʞʫʚʘʪʠ ʯʽʪʢʽ ʪʝʥʜʝʥʮʽʾ ʚʠʜʦʟʤʽʥʠ ʦʜʷʛʫ. ɿʦʢʨʝʤʘ, ʥʘ ʧʦʯʘʪʢʫ 

ʩʚʦʻʾ ʽʩʪʦʨʽʾ ʟʠʤʦʚʽ ʥʘʢʠʜʢʠ ʟʘʟʚʠʯʘʡ ʙʫʣʠ ʜʦʚʞʠʥʦʶ ʜʦ ʧʽʜʣʦʛʠ, ʭʦʯʘ ʥʘ ʪʝʧʣʫ ʧʦʨʫ ʤʦʛʣʠ ʙʫʪʠ ʽ ʙʽʣʴʰ 

ʚʢʦʨʦʯʝʥʽ ʤʦʜʝʣʽ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʤʦʜʝʣʴ 1751 ʨʦʢʫ (ʚʠʛʦʪʦʚʣʝʥʘ ʟ ʙʦʨʜʦʚʦʾ ʰʝʨʩʪʽ ʥʘ ʘʪʣʘʩʥʽʡ ʧʽʜʢʣʘʜʮʽ ʪʘ 

ʦʟʜʦʙʣʝʥʘ ʥʦʨʢʦʚʠʤ ʭʫʪʨʦʤ). ʅʘ ʧʦʯʘʪʢʫ 1900-ʭ ʨʦʢʽʚ, ʧʦʨʫʯ ʟ ʜʦʚʛʠʤʠ ʚʘʨʽʘʥʪʘʤʠ, ʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ  ʩʪʘʣʠ ʤʦʜʝʣʽ ʢʝʡʧ ʜʦʚʞʠʥʦʶ ʜʦ ʣʽʥʽʾ ʩʪʝʛʥʘ, ʟʦʢʨʝʤʘ ʨʦʙʦʪʠ ʚʽʜʦʤʦʛʦ Emile Pingat. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʥʘʢʠʜʢʫ ʚʠʢʨʦʶʚʘʣʠ ʧʦ ʪʠʧʫ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʽ ʟʘʢʣʘʜʘʣʠ ʚ ʩʢʣʘʜʢʠ ʥʘʚʢʦʣʦ ʰʠʾ ʘʙʦ ʷʢ 

"ʥʘʧʽʚ-ʩʦʥʮʝ", ʯʠ "ʢʦʣʦʢʦʣ", ʧʽʟʥʽʰʝ ʟ'ʷʚʣʷʣʠʩʷ ʤʦʜʝʣʽ ʟ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʯʣʝʥʫʚʘʥʥʷʤʠ. ɿʘʟʚʠʯʘʡ 

ʬʽʢʩʫʚʘʣʠʩʷ ʥʘʢʠʜʢʠ ʥʘʚʢʦʣʦ ʰʠʾ: ʟʘʚ'ʷʟʫʚʘʣʠʩʷ ʥʘ ʩʪʨʽʯʢʠ, ʥʘ ʧʣʝʪʝʥʽ ʰʥʫʨʠ, ʧʽʟʥʽʰʝ ʥʘ ˇʫʜʟʠʢʠ ʘʙʦ ʛʘʯʢʠ. 

ʎʽʢʘʚʠʤʠ ʻ ʤʦʜʝʣʽ ʟ ʢʽʥʮʷ 1890-ʭ ï ʧʦʯʘʪʢʫ 1900 ʨʦʢʽʚ: ʪʦʜʽ ʘʢʮʝʥʪ ʧʝʨʝʤʽʩʪʠʚʩʷ ʥʘ ʧʣʝʯʦʚʫ ʜʽʣʷʥʢʫ ʽ, ʚ 

https://ru.wikipedia.org/wiki/1837
https://ru.wikipedia.org/wiki/1901
https://artsandculture.google.com/entity/m0t5fr2n
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ʦʙʣʘʩʪʽ ʦʢʘʪʫ, ʧʦʯʘʣʠ ʥʘʩʪʨʦʯʫʚʘʪʠ (ʬʦʨʤʫʶʯʠ ʙʫʬʠ ʯʠ ʩʢʣʘʜʢʠ) ʜʝʪʘʣʽ, ʱʦ ʙʫʣʠ ʚʽʜʣʽʪʥʽ ʪʘ ʽʤʽʪʫʚʘʣʠ 

ʨʫʢʘʚ, ʧʨʦʪʝ ʙʫʣʠ ʥʝ ʟ'ʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ, ʘ ʣʠʰʝ ʧʨʠʢʨʠʚʘʣʠ ʦʪʚʦʨʠ ʜʣʷ ʨʫʢ. ʆʙʨʘʟ ʪʘ ʘʢʮʝʥʪʠ ʜʦʧʦʚʥʶʚʘʚ 

ʢʦʤʽʨ-ʩʪʦʷʢ ʨʽʟʥʦʾ ʚʠʩʦʪʠ ʽ ʬʦʨʤʠ, ʱʦ ʧʨʠʡʰʦʚ ʥʘ ʟʤʽʥʫ ʢʘʧʶʰʦʥʫ ʪʘ ʚʝʣʠʢʠʭ ʚʽʜʢʣʘʜʥʠʭ ʢʦʤʽʨʽʚ. ʑʦʜʦ 

ʤʘʪʝʨʽʘʣʽʚ, ʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʘʞʢʽ ʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ, ʱʦ ʤʘʣʠ ʚʠʩʦʢʽ ʟʘʭʠʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʧʨʦʪʝ 

ʧʦʩʪʫʧʦʚʦ ʤʘʪʝʨʽʘʣʠ ʩʪʘʚʘʣʠ ʙʽʣʴʰ ʚʠʪʦʥʯʝʥʠʤʠ, ʘ ʨʦʣʴ ʜʝʢʦʨʫʚʘʥʥʷ ʟʙʽʣʴʰʫʚʘʣʘʩʷ. 

ɿʘ ʙʘʛʘʪʦʨʽʯʥʫ ʽʩʪʦʨʽʶ ʟ ʧʨʦʩʪʦʾ ʥʘʢʠʜʢʠ ʽʟ ʛʨʫʙʦʛʦ ʩʫʢʥʘ ʯʠ ʚʦʚʥʠ, ʢʝʡʧ ʩʪʘʚ ʤʦʜʥʠʤ ʝʣʝʤʝʥʪʦʤ 

ʛʘʨʜʝʨʦʙʫ ʫ ʧʨʝʜʩʪʘʚʥʠʮʴ ʚʠʱʦʛʦ ʩʚʽʪʫ, ʘ ʟ ʩʝʨʝʜʠʥʠ ʍɯʍ ʩʪ. ʥʘʚʽʪʴ ʧʝʨʝʡʰʦʚ ʫ ʢʘʪʝʛʦʨʽʶ ʚʝʯʽʨʥʴʦʛʦ ʦʜʷʛʫ. 

ɼʣʷ ʝʣʽʪʠ ʧʦʜʽʙʥʽ ʜʦ ʢʝʡʧʫ ʥʘʢʠʜʢʠ ʰʠʣʠʩʷ ʟ ʜʦʨʦʛʠʭ ʽ ʨʦʟʢʽʰʥʠʭ ʪʢʘʥʠʥ, ʜʝʢʦʨʫʚʘʣʠʩʷ ʚʠʰʠʚʢʦʶ, 

ʩʪʨʽʯʢʘʤʠ, ʙʘʭʨʦʤʦʶ, ʤʝʨʝʞʠʚʦʤ, ʢʦʰʪʦʚʥʦʩʪʷʤʠ, ʨʦʟʰʠʚʘʣʠʩʷ ʰʥʫʨʘʤʠ, ʧʽʜʙʠʚʘʣʠʩʷ ʭʫʪʨʦʤ, ʱʦʙ ʚʩʽʤ 

ʩʚʦʾʤ ʚʠʜʦʤ ʧʽʜʢʨʝʩʣʠʪʠ ʥʘʣʝʞʥʽʩʪʴ ʚʣʘʩʥʠʮʽ ʜʦ ʚʠʱʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʟ ʢʽʥʮʷ ʍVIIɯ ʩʪ. ʢʝʡʧ, ʦʢʨʽʤ ʧʨʷʤʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʙʝʨʽʛʘʪʠ ʚʽʜ ʭʦʣʦʜʫ, ʧʦʯʘʚ ʚʠʢʦʥʫʚʘʪʠ ʱʝ ʡ 

ʝʩʪʝʪʠʯʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʫ ʬʫʥʢʮʽʶ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʥʘʟʚ ʜʣʷ ʦʜʷʛʫ ʪʘʢʦʛʦ ʚʠʜʫ, ʩʘʤʝ ʧʦʥʷʪʪʷ "ʢʝʡʧ" ʧʨʦʨʚʘʣʦʩʷ ʚ ʩʫʯʘʩʥʫ ʤʦʜʫ ʽ 

ʟʘʢʨʽʧʠʣʦʩʷ ʚ ʤʦʜʥʽʡ ʪʝʨʤʽʥʦʣʦʛʽʾ. ʅʦʚʠʡ ʤʦʜʥʠʡ ʩʧʣʝʩʢ ʥʘʢʠʜʦʢ ʽ ʢʝʡʧ ʩʪʘʚʩʷ ʚ 1950-ʽ ʨʦʢʠ. ʊʦʜʽ ʢʝʡʧ 

ʟʥʦʚʫ ʩʪʘʚ ʢʫʣʴʪʦʚʦʶ ʨʽʯʯʶ ʟʘʚʜʷʢʠ ʇ'ʻʨʫ ʂʘʨʜʝʥʫ, ʆʟʟʽ ʂʣʘʨʢ, ɽʤʽʣʽʦ ʇʫʯʯʽ, ʅʽʥʠ ʈʽʯʯʽ ʪʘ ʜʠʟʘʡʥʝʨʽʚ ʽʟ 

ʩʚʽʪʦʚʠʤʠ ʽʤʝʥʘʤʠ, ʱʦ ʪʨʽʫʤʬʘʣʴʥʦ ʧʦʚʝʨʥʫʣʠ ʡʦʛʦ ʥʘ ʤʦʜʥʠʡ ʦʣʽʤʧ [22, 28]. ʄʦʜʝʣʽ, ʬʦʨʤʘ ʽ ʚʠʜ ʢʝʡʧʫ 

ʟʥʦʚʫ ʟʤʽʥʠʣʠʩʷ: ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʦʚʞʠʥʦʶ ʩʪʘʣʠ ʜʦ ʢʦʣʽʥʘ, ʦʙʦʚ'ʷʟʢʦʚʦ ʤʘʣʠ ʦʪʚʦʨʠ ʜʣʷ ʨʫʢ, ʱʦ ʧʦ 

ʨʽʟʥʦʤʫ ʦʙʨʦʙʣʷʣʠʩʷ, ʧʦʯʘʣʠ ʟ'ʷʚʣʷʪʠʩʷ ʧʽʜʨʽʟʠ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʯʣʝʥʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʷʣʠʩʷ ʟ 

ʘʩʠʤʝʪʨʠʯʥʠʤʠ ʪʘ ʟʤʽʱʝʥʠʤʠ ʟʘʩʪʽʙʢʘʤʠ ʥʘ ˇʫʜʟʠʢʠ, ʩʠʣʫʝʪ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ ʪʨʘʧʝʮʝʚʠʜʥʦʛʦ, ʜʦ ʆ-ʧʦʜʽʙʥʦʛʦ 

ʯʠ ʧʨʷʤʦʛʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʞʝʥ ʥʦʚʠʡ ʚʠʪʦʢ ʽʩʪʦʨʽʾ ʪʘ ʤʦʜʠ ʚʧʣʠʚʘʣʠ ʥʘ ʚʠʜʦʟʤʽʥʫ ʜʘʥʦʛʦ ʧʣʝʯʦʚʦʛʦ 

ʦʜʷʛʫ, ʧʨʦʪʝ ʥʝʟʤʽʥʥʠʤ ʟʘʣʠʰʘʣʦʩʷ ʦʜʥʝ ï ʚʠʰʫʢʘʥʽʩʪʴ ʦʙʨʘʟʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʨʫʢʘʚʽʚ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʚʯʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʩʪʦʨʠʯʥʠʭ ʽ ʩʫʯʘʩʥʠʭ 

ʤʦʜʥʠʭ ʤʦʜʝʣʝʡ ʞʽʥʦʯʦʛʦ ʢʝʡʧ ʟ ʧʦʟʠʮʽʾ ʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʨʠʛʽʥʘʣʴʥʠʭ ʽʩʪʦʨʠʯʥʠʭ 

ʤʦʜʝʣʝʡ ʞʽʥʦʯʦʛʦ ʢʝʡʧʫ ʧʦʢʘʟʘʣʦ, ʱʦ ʟʘ ʧʝʨʽʦʜ ʩʚʦʻʾ ʙʘʛʘʪʦʚʽʢʦʚʦʾ ʽʩʪʦʨʽʾ ʮʝʡ ʚʠʜ ʦʜʷʛʫ ʥʝ ʣʠʰʝ ʥʘʙʫʚ 

ʟʥʘʯʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʫ ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʽ, ʬʦʨʤʽ ʪʘ ʦʟʜʦʙʣʝʥʥʽ, ʘ ʡ ʟʤʽʥʠʚ ʚʩʽʡ ʩʪʘʪʫʩ ʚʽʜ ʧʨʦʩʪʦʾ 

ʥʘʢʠʜʢʠ ʜʦ ʝʣʝʤʝʥʪʫ ʛʘʨʜʝʨʦʙʫ ʟʥʘʪʪʽ ʪʘ ʙʘʛʘʪʠʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ. ɺʘʨʪʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʢʝʡʧʫ 

ʛʦʚʦʨʠʣʠ ʧʨʦ ʧʨʦʭʦʜʞʝʥʥʷ ʪʘ ʩʪʘʪʫʩ ʚʣʘʩʥʠʮʽ, ʪʘʢʠʤ ʯʠʥʦʤ ʧʦʨʷʜ ʽʟ ʦʩʥʦʚʥʦʶ ʫʪʠʣʽʪʘʨʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʥ 

ʧʦʯʘʚ ʚʠʢʦʥʫʚʘʪʠ ʝʩʪʝʪʠʯʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʫ ʨʦʣʴ.  

ʉʫʯʘʩʥʽ ʢʝʡʧʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʜʘʚʥʽʭ ʤʦʜʝʣʝʡ, ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ 

ʚʠʜʽʚ, ʬʦʨʤ, ʚʘʨʽʘʥʪʽʚ ʩʪʠʣʽʩʪʠʯʥʦʛʦ ʚʪʽʣʝʥʥʷ ʥʽʞ ʙʫʜʴ-ʢʦʣʠ ʜʦ ʪʦʛʦ, ʟʘ ʩʚʦʶ ʪʠʩʷʯʦʣʽʪʥʶ ʽʩʪʦʨʽʶ, ʧʨʦʪʝ 

ʟʘʣʠʰʠʣʦʩʷ ʥʝʟʤʽʥʥʠʤ ʚʽʜʯʫʪʪʷ ʨʦʟʢʽʰʥʦʩʪʽ, ʩʪʠʣʶ, ʚʠʰʫʢʘʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʨʠʛʽʥʘʣʴʥʦʩʪʽ ʦʙʨʘʟʫ, ʜʦ ʷʢʦʛʦ 

ʚʭʦʜʠʪʴ ʢʝʡʧ. ʆʯʝʚʠʜʥʠʤ ʩʪʘʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʝʡʧ, ʷʢ ʚʘʨʽʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʦʜʷʛʫ, ʚʠʡʰʦʚ ʟʘ 

ʤʝʞʽ ʧʦʥʷʪʪʷ "ʥʘʢʠʜʢʘ " ʯʠ "ʧʘʣʴʪʦ", ʘ ʪʦʤʫ ʚʘʨʪʦ ʚʚʘʞʘʪʠ ʡʦʛʦ ʩʘʤʦʩʪʽʡʥʠʤ ʨʽʟʥʦʚʠʜʦʤ ʧʣʝʯʦʚʦʛʦ ʦʜʷʛʫ.  

ʇʨʦʚʝʜʝʥʠʡ ʥʘʤʠ ʘʥʘʣʽʟ ʜʘʻ ʧʽʜʩʪʘʚʠ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʩʪʦʨʠʯʥʠʡ ʦʜʷʛ ʷʢ ʽ ʚʩʽ ʽʥʰʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʢʣʘʜʦʚʽ ʧʝʚʥʦʾ ʽʩʪʦʨʠʯʥʦʾ ʝʧʦʭʠ (ʤʫʟʠʯʥʽ ʪʚʦʨʠ, ʣʽʪʝʨʘʪʫʨʘ, ʦʩʚʽʪʘ ʪʘ ʩʚʽʪʦʛʣʷʜ, ʟʙʨʦʷ ʪʘ 

ʧʦʙʫʜʦʚʽ ʨʝʯʽ, ʪʨʘʜʠʮʽʾ ʪʘ ʩʚʽʪʦʛʣʷʜʥʽ ʙʘʯʝʥʥʷ, ʬʽʣʦʩʦʬʽʷ ʪʦʛʦ ʯʘʩʫ) ʻ ʥʝʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʪʭʥʝʥʥʷ ʜʣʷ 

ʩʫʯʘʩʥʠʭ ʜʠʟʘʡʥʝʨʽʚ, ʷʢʽ ʻ ʩʫʙôʻʢʪʘʤʠ ʨʽʟʥʠʭ ʩʝʛʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʦʜʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʢʣʝʢʪʠʟʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʪʫʚʘʥʥʷ, ʩʪʠʣʽʟʘʮʽʾ ʘʙʦ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʚ ʜʠʟʘʡʥʽ ʢʦʩʪʶʤʘ 

ʤʦʞʣʠʚʦ ʩʧʨʦʝʢʪʫʚʘʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʪʘ ʫʥʽʢʘʣʴʥʠʡ ʦʙʨʘʟ, ʷʢʠʡ ʟʘʚʞʜʠ ʩʪʚʦʨʶʚʘʪʠʤʝ ʧʨʝʬʝʨʝʥʮʽʾ ʜʣʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʚʦʛʦ ʚʣʘʩʥʠʢʘ. ʇʨʠ ʮʴʦʤʫ, ʘʢʪʫʘʣʴʥʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʰʫʢ ʩʢʣʘʜʦʚʠʭ ʽʩʪʦʨʠʯʥʦʛʦ ʢʦʩʪʶʤʫ, 

ʱʦ ʤʦʞʝ ʩʪʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʥʦʛʦ ʦʙʨʘʟʫ ʩʫʯʘʩʥʦʛʦ ʤʦʜʥʦʛʦ ʢʝʡʧʫ, ʱʦ ʩʪʘʥʝ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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TECHNICAL AND ECONOMIC RATIONALE FOR THE USE OF TURBULA TYPE MACHINING MACHINES IN 

POLISHING THE SURFACE OF SMALL POLYMER POLYMERS  
 

A method of wet polishing of polymer parts using a galvanizing machine with a complex spatial movement of the working tank 
ÔÙÐÅ Ⱥ4ÕÒÂÕÌÁȻ ÉÓ ÐÒÏÐÏÓÅÄȢ !ÃÃÏÒÄÉÎÇ ÔÏ ÔÈÅ ÐÒÏÐÏÓÅÄ ÍÅÔÈÏÄȟ ÔÈÅ ÍÁÉÎ ÓÔÁÇÅ ÏÆ ÐÏÌÉÓÈÉÎÇ ÔÈÅ ÓÕÒÆÁÃÅ ÏÆ ÔÈÅ ÐÁÒÔÓ ÉÓ ÃÁÒÒÉÅÄ out by abrasive 
ceramic bodies of complex geometric shape with the addition of fine pumice in the implementation of mixed cascade-waterfall mode of 
movement of the bulk working medium. This method of processing parts is considered highly productive, the processing time of parts 
averages 15 hours of continuous operation of the machine, which is several times faster than when processing parts in rotating drum drums 
or vibrating machines. The latter are characterized by low productivity of the relevant technological operations. The feasibility study of the 
method of wet polishing of polymer parts using a galvanizing machine with a complex spatial movement of the working capacity of the 
Ⱥ4ÕÒÂÕÌÁȻ ÔÙÐÅ ÆÏÒ ÔÈÅ ÉÍÐÌÅÍÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ ÔÅÃÈÎÏÌÏÇÉÃÁÌ ÏÐÅÒÁÔÉÏÎ ÏÆ ÐÏÌÉÓÈÉÎÇ ÔÈÅ ÓÕÒÆÁÃÅ ÏÆ ÐÏÌÙÅÓÔÅÒ ÂÕÔÔÏÎs was performed 
analytically. The expected annual economic effect from the implementation of the developed method of wet polishing of polymer parts using 
Á ÇÁÌÖÁÎÉÚÉÎÇ ÍÁÃÈÉÎÅ ×ÉÔÈ Á ÃÏÍÐÌÅØ ÓÐÁÔÉÁÌ ÍÏÖÅÍÅÎÔ ÏÆ ÔÈÅ ×ÏÒËÉÎÇ ÃÁÐÁÃÉÔÙ ÏÆ ÔÈÅ Ⱥ4ÕÒÂÕÌÁȻ ÔÙÐÅȟ ×hich will amount to UAH 14,059.8 
per two units of equipment, is calculated. This method of processing can be used to improve the surface quality of any polymer parts with the 
possibility of achieving the appropriate value of the roughness of their surface. The obtained research results can be used in design bureaus 
of relevant enterprises for the manufacture of small polymer parts, the surface quality of which is determined by organoleptic method, as 
well as in design bureaus of machine-building enterprises specializing in the development of galvanizing equipment. 

Key words: polishing, polymer parts, galvanizing machine, working capacity.   

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɿʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥ ̔ʜʨʽʙʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʜʝʪʘʣʝʡ ʫ ʧʝʨʝʚʘʞʥʽʡ 

ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ, ʷʢʠʡ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʬʽʥʽʰʥʽ ʛʘʣʪʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ [1]. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʣʝʛʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʠʛʦʪʦʚʣʷʶʪʴ ˇʫʜʟʠʢʠ ʪʘ ʟʘʩʪʽʙʢʠ. ɿʦʢʨʝʤʘ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʥʘʡʯʘʩʪʽʰʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʨʫʙʢʠ ʟʘʛʦʪʦʚʦʢ ʥʘ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʝʩʘʭ ʘʙʦ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʦʢ [2]. ʇʽʩʣʷ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʜʘʥʠʤ ʟʘʛʦʪʦʚʢʘʤ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʥʘʣʝʞʥʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʚʠʛʣʷʜʫ ï ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʝʡ ʤʘʻ ʙʫʪʠ ʛʣʘʜʢʦʶ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʥʝʨʽʚʥʦʩʪʝʡ ʯʠ ʟʘʫʩʝʥʮʽʡ, ʤʘʶʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ ʩʣʽʜʠ 

ʚʽʜ ʧʨʦʭʦʜʫ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʦʱʦ. ʊʦʙʪʦ, ʪʘʢʽ ʜʝʪʘʣʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʾʭ ʧʦʚʝʨʭʥʽ. ʆʩʢʽʣʴʢʠ 

ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʢʣʶʯʥʦ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʮʝ ʰʣʷʭʦʤ 

ʚʠʢʦʥʘʥʥʷ ʪʨʫʜʦʻʤʢʠʭ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ï ʰʣʽʬʫʚʘʥʥʷʤ ʯʠ ʧʦʣʽʨʫʚʘʥʥʷʤ ʾʭ 

ʧʦʚʝʨʭʥʽ [3]. ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ, ʪʘʢʽ ʛʘʣʪʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʛʘʣʪʫʚʘʣʴʥʠʭ ʙʘʨʘʙʘʥʽʚ ʽʟ ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ [4] ʯʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ [5]. ɺʽʜʦʤʦ [6], 

ʱʦ ʪʘʢʽ ʪʠʧʠ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ. 
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ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʟʘ 

ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ, ʦʙʣʘʜʥʘʥʥʷ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ.  

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʪʠʧʦʤ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚʚʘʞʘʶʪʴʩʷ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulʘè [7], ʫ ʷʢʠʭ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ 

ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ï ʦʜʥʦʯʘʩʥʦ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʫ ʪʨʴʦʭ ʚʟʘʻʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ 

ʧʣʦʱʠʥʘʭ ʪʘ ʚʠʢʦʥʫʻ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽ ʾʨʫʭʫ 

ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ (ʜʝʪʘʣʽ ʪʘ ʘʙʨʘʟʠʚʥʠʡ ʤʘʩʠʚ) ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ. 

ɸʚʪʦʨʘʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʮʽʣʠʡ ʨʷʜ ʪʘʢʠʭ ʛʘʣʪʫʚʣʴʥʠʭ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ [8 ï 10] ʟ ʨʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ. ʆʜʥʘʢ, ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʚʽʜʩʫʪʥʻ ʧʦʨʽʚʥʷʣʴʥʝ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʠʧʫ çTurbulaè ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʜʨʽʙʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺʽʜʦʤʽ ʨʦʙʦʪʠ [8 ï 10], ʫ ʷʢʠʭ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥʠ 

ʪʠʧʫ çTurbulaè. ʋ ʨʦʙʦʪʘʭ [8 ï 10] ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ 

ʻʤʢʦʩʪʝʡ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʧʘʩʠʚʥʠʭ ʟʚô̫ ʟʢʽʚ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʣʘʥʮʶʛʘʭ ʧʨʦʩʪʦʨʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ. ʇʨʦʚʝʜʝʥʘ ʮʽʣʘ 

ʥʠʟʢʘ ʜʦʩʣʽʜʞʝʥʴ [11, 12], ʷʢʽ ʧʦʢʘʟʘʣʠ ʫʩʧʽʰʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʨʝʯʦʚʠʥ. ʊʘʢ, ʫ ʨʦʙʦʪ ̔[12] ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʚʩʦɹʛʦ ʣʠ hʟʘ 10 ʦʙʝʨʪʽʚ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʽʥʜʝʢʩ ʩʝʛʨʝʛʘʮʽʾ ʧʨʠ ʟʤʽʰʫʚʘʥʥʽ ʚʽʜʧʦʚʽʜʘʚ ʚʠʧʘʜʢʦʚʦʤʫ 

ʨʦʟʧʦʜʽʣʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʜʚʦʭ ʬʨʘʢʮʽʡ ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʩʦʙʦʶ. ɺʽʜʦʤʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ [13, 14], ʜʝ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥ ʪʠʧʫ çTurbulaè, ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ 

ʤʦʞʥʘ ʩʢʦʨʦʪʠʪʠ ʚ ʜʝʩʷʪʴ ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [15] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ 

ˇʫʜʟʠʢʽʚ ʚ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʦʪʨʽʙʥʦ ʫ ʧʽʚʪʦʨʘ ʨʘʟʠ ʤʝʥʴʰʝ ʯʘʩʫ ʥʽʞ ʧʨʠ 

ʘʥʘʣʦʛʽʯʥʽʡ ʦʙʨʦʙʮʽ ʫ ʤʘʰʠʥʽ ʟ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ.  

 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʱʦʜʦ ʨʘʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʪʘʢʦʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʪʘ 

ʚʠʨʦʙʽʚ (ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ). 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ 

ʉʫʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ (ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʧʦʣʽʨʫʚʘʥʥʷ). 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ ʪʠʧʽʚ ʧʦʣʽʝʬʽʨʥʠʭ ˇʫʜʟʠʢʽʚ (ʜʽʘʤʝʪʨʦʤ 28 ʤʤ ʪʘ 

16 ʤʤ), ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʽʨʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ˇʫʜʟʠʢʽʚ ʘʙʨʘʟʠʚʦʤ ʫ ʚʠʛʣʷʜʽ ʚʽʣʴʥʠʭ ʛʨʘʥʫʣ ʚ ʩʝʨʝʜʠʥʽ ʨʫʭʦʤʠʭ ʻʤʢʦʩʪʝʡ ʧʦʨ̔ʚʥʁʚʘʣʠ 

ʜʚʘ ʪʠʧʠ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʟʚʠʯʘʡʥʠʡ ʚʦʩʴʤʠʛʨʘʥʥʠʡ ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʊʆɺ çPolyplastè (ʤ. ʃʴʚʽʚ) ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ 

ʨʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ [16] ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ 

ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè [8 ï 10]. 

ʈʦʟʛʣʷʥʝʤʦ çʙʘʟʦʚʠʡè ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʧʦʣʽʨʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʫ: ʥʘ 

ʊʆɺ çPolyplastè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʩʴʤʠʛʨʘʥʥʠʡ ʦʙʝʨʪʦʚʠʡ 

ʙʘʨʘʙʘʥ çWPS 330è ʽʪʘʣʽʡʩʴʢʦʾ ʬʽʨʤʠ çTullio Giusiè ʟ ʢʦʨʠʩʥʠʤ ʦʙ'ʻʤʦʤ 330 ʣ (0,33 ʤ3). 

ɿʛʽʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘ ʊʆɺ çPolyplastè ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ çɺʠʨʦʙʥʠʮʪʚʘ ʧʦʣʽʝʬʽʨʥʠʭ 

ʣʠʩʪʽʚ, ʟʘʛʦʪʦʚʦʢ ʪʘ ˇʫʜʟʠʢʽʚè, ʙʘʟʦʚʠʡ ʧʨʦʮʝʩ ʧʦʣʽʨʫʚʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɿʦʢʨʝʤʘ, ʜʣʷ 

ʛʘʣʪʫʚʘʥʥʷ ˇʫʜʟʠʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʚ ʙʘʨʘʙʘʥ ʥʘʩʪʫʧʥʽ ʩʢʣʘʜʥʠʢʠ:  

ʉʧʝʮʽʘʣʴʥʦ ʧʽʜʛʦʪʦʚʣʝʥʠʡ ʢʝʨʘʤʽʯʥʠʡ ʘʙʨʘʟʠʚʥʠʡ ʤʘʪʝʨʽʘʣ (ʪʨʠʢʫʪʥʽ ʧʨʠʟʤʠ ʽʟ ʜʦʚʞʠʥʦʶ ʫʩʽʭ 

ʛʨʘʥʝʡ 5 ʤʤ) ʫ ʢʽʣʴʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 130 ï 140 ʢʛ.  

ʇʝʤʟʘ ʩʝʨʝʜʥʴʦʾ ʘʙʦ ʜʨʽʙʥʦʾ ʟʝʨʥʠʩʪʦʩʪʽ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 2 ʢʛ. ʂʽʣʴʢʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ (ʜʦ 3 ï 4 

ʢʛ) ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙʪʦʯʢʘ ˇʫʜʟʠʢʽʚ ʥʝ ʽʜʝʘʣʴʥʘ. 

ɺʦʜʘ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʢʽʣʴʢʦʩʪʽ ʧʨʠʙʣʠʟʥʦ 40 ï 55 ʣʽʪʨʽʚ. 

ˆʫʜʟʠʢʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʧʽʜʜʘʪʠ ʛʘʣʪʫʚʘʥʥʶ. ʅʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʦʜʝʨʞʫʻʪʴʩʷ ʽʟ ʟʘʚʘʥʪʘʞʝʥʥʷʤ 30 

ʢʛ ˇʫʜʟʠʢʽʚ. 

ʇʨʠ ʮʴʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʚʘʛʫ ʢʦʤʧʦʥʝʥʪʽʚ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʢʝʨʘʤʽʯʥʽ 

ʧʨʠʟʤʠ, ʧʝʤʟʘ) ʪʘ ˇʫʜʟʠʢʘʤʠ ʧʦʚʠʥʥʦ ʩʪʘʥʦʚʠʪʠ 2,5:1 (ʪʦʙʪʦ 2,5 ʚʠʤʽʨʷʥʠʭ ʦʙ'ʻʤʠ ʘʙʨʘʟʠʚʫ ʪʘ 1 ʚʠʤʽʨʷʥʠʡ 

ʦʙ'ʻʤ ˇʫʜʟʠʢʽʚ), ʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʚʦʜʠ ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ ʦʙ'ʻʤ ˇʫʜʟʠʢʽʚ ʪʘ ʢʝʨʘʤʽʢʠ. 
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ɿʘʧʦʚʥʝʥʥʷ ʙʘʨʘʙʘʥʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʚ ʤʝʞʘʭ ʚʽʜ 30 ʜʦ 40% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ. ʆʙʨʦʙʢʘ ˇʫʜʟʠʢʽʚ ʤʘʻ 

ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʫ ʧʨʠʙʣʠʟʥʦ ʚ 30 ʦʙ/ʭʚ ʫʧʨʦʜʦʚʞ 36 ʛʦʜʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ 

ʨʦʙʦʪʠ ʤʘʰʠʥʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ tʟʘʛ1 ʚʠʢʦʥʘʥʥʷ çʙʘʟʦʚʦʾè ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʡ ʧʦʣʽʨʫʚʘʥʥʷ ʙʫʜʝ 

ʩʢʣʘʜʘʪʠ: 

.160'21 ʭʚtʟʘʛ=            (1) 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ [16] ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè [ 8 ï 

10]. ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 1) ʫ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ 1, ʷʢʘ 

ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ, ʧʝʨʝʤʽʱʘʶʯʠʩʴ ʦʜʥʦʯʘʩʥʦ ʚ ʪʨʴʦʭ ʚʟʘʻʤʥʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʣʦʱʠʥʘʭ 

ʪʘ ʦʙʝʨʪʘʶʯʠʩʴ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʦʩʽ 2, ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʚ ʥʝʦʙʭʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʥʝʦʙʨʦʙʣʝʥʽ ʜʝʪʘʣʽ 3, 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʘ ʧʝʤʟʘ 4 ʪʘ ʘʙʨʘʟʠʚʥʽ ʢʝʨʘʤʽʯʥʽ ʪʽʣʘ 5 ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 1). ʇʽʩʣʷ 3 ī 6 

ʛʦʜʠʥ ʧʨʦʮʝʩʫ ʧʦʣʽʨʫʚʘʥʥʷ ʧʝʤʟʘ 4 ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʦ ʟʘʚʝʨʰʝʥʥʶ 

ʧʨʦʮʝʩʫ ʧʦʣʽʨʫʚʘʥʥʷ, ʜʝʪʘʣʽ 3 ʧʨʦʤʠʚʘʶʪʴʩʷ ʫ ʤʠʣʴʥʦʤʫ ʨʦʟʯʠʥʽ. 

 ʇʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚ ʨʦʙʦʯʽʡ ʻʤʢʦʩʪʽ 1, ʷʢʘ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʪʘ 

ʦʜʥʦʯʘʩʥʦ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ ʚʣʘʩʥʦʾ ʚʽʩʽ 2, ʜʝʪʘʣʽ 3 ʦʪʨʠʤʫʶʪʴ ʚʩʽ ʩʪʫʧʝʥʽ ʩʚʦʙʦʜʠ, ʟʘʡʤʘʶʪʴ ʨʽʟʥʝ 

ʧʦʣʦʞʝʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 1, ʧʽʜʜʘʶʪʴʩʷ ʚʧʣʠʚʫ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʠʣ, ʩʪʠʢʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ, 

ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ 5 ʪʘ ʩʪʽʥʢʘʤʠ ʻʤʢʦʩʪʽ 1 ʧʽʜ ʨʽʟʥʠʤ ʢʫʪʦʤ. ɹʘʛʘʪʦʯʠʩʣʝʥʥʽ ʟʽʪʢʥʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʜʝʪʘʣʝʡ 3 ʪʘ ʘʙʨʘʟʠʚʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʪʽʣ 5 ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʟ ʫʩʽʭ ʙʦʢʽʚ, 

ʩʘʤʝ ʪʦʤʫ ʚʩʷ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʝʡ 3 ʦʙʨʦʙʣʷ̒ʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʦʤʽʨʥʦ. 

 

 
ʘ     ʙ     ʚ 
ʈʠʩ. 1. ʉʧʦʩʽʙ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ: ʘ ï ʛʘʣʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ (ʚʠʜ ʩʧʝʨʝʜʫ),  

ʙ ï ʛʘʣʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ (ʚʠʜ ʟʚʝʨʭʫ), ʚ ï ʘʙʨʘʟʠʚʥʽ ʢʝʨʘʤʽʯʥʽ ʪʽʣʘ 

 

ʊʘʢʦʞ ʜʦʮʽʣʴʥʦ, ʱʦʙ ʧʨʦʤʠʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʚʦʜʦʶ ʧʽʩʣʷ ʧʝʨʰʠʭ 3 ī 6 

ʛʦʜʠʥ, ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʜʦʚʞʫʶʪʴ ʧʨʦʤʠʚʘʥʥʷ ʚʽʜʧʦʣʽʨʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʫ ʤʠʣʴʥʦʤʫ ʨʦʟʯʠʥʽ. 

ʇʨʦʤʠʚʘʥʥʷ ʚʽʜʧʦʣʽʨʦʚʘʥʠʭ ʜʝʪʘʣʝʡ ʫ ʤʠʣʴʥʦʤʫ ʨʦʟʯʠʥʽ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʧʦʚʥʦʛʦ ʾʭ ʦʯʠʱʝʥʥʷ ʚʽʜ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʠʣʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʝʤʟʠ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʥʘʡʙʽʣʴʰʫ ʚʝʣʠʯʠʥʫ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʝʡ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ, ʦʙʨʦʙʠʪʠ 

ʚʘʞʢʦʜʦʩʪʫʧʥʽ ʤʽʩʮʷ ʜʝʪʘʣʝʡ ʪʘʢʽ ʷʢ ʧʨʦʪʦʯʢʠ, ʛʘʣʪʝʣʽ, ʦʪʚʦʨʠ, ʨʽʟʥʦʛʦ ʨʦʜʫ ʟʘʛʣʠʙʣʝʥʥʷ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʢʦʥʪʘʢʪʫʶʪʴ ʟ ʘʙʨʘʟʠʚʥʠʤʠ ʢʝʨʘʤʽʯʥʠʤʠ ʪʽʣʘʤʠ ʩʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. 

ʆʩʥʦʚʥʠʡ ʝʪʘʧ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʘʙʨʘʟʠʚʥʠʤʠ ʢʝʨʘʤʽʯʥʠʤʠ ʪʽʣʘʤʠ ʩʢʣʘʜʥʦʾ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʢʘʩʢʘʜʥʦʛʦ ʘʙʦ ʟʤʽʰʘʥʦʛʦ ʢʘʩʢʘʜʥʦ-ʚʦʜʦʩʧʘʜʥʦʛʦ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʩʠʧʢʦʛʦ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦʙ ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʢʦʥʪʘʢʪʫ ʤʽʞ ʧʦʚʝʨʭʥʝʶ ʦʙʨʦʙʣʶʚʘʥʦʾ 

ʜʝʪʘʣʽ ʪʘ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʘ ʪʘʢʦʞ, ʱʦʙ ʫʥʝʤʦʞʣʠʚʠʪʠ ʚʠʥʠʢʥʝʥʥʷ ʷʚʠʱʘ ʫʜʘʨʫ ʧʨʠ ʟʽʪʢʥʝʥʥʽ 

ʜʝʪʘʣʝʡ ʟʽ ʩʪʽʥʢʘʤʠ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. ʉʫʤʘʨʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʚʝʣʠʯʠʥʠ 

ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ, ʩʪʫʧʝʥʷ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʾʾ ʦʙ'ʻʤʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʦʙ'ʻʤʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʦʜʥʘʢ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 15 ʛʦʜʠʥ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʤʘʰʠʥʠ. ʌʦʪʦ ʟʨʘʟʢʽʚ ʧʦʣʽʝʬʽʨʥʠʭ ʫ̌ʜʟʠʢʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʫ 

ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʦʙ'ʻʤʫ 

ʧʨʘʢʪʠʯʥʦ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʦ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʦʙʨʦʙʢʠ, ʚ ʟʚ'ʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʦʙʨʦʙʣʶʚʘʥʽ ʜʝʪʘʣʽ ʟʘ ʦʜʠʥ ʮʠʢʣ 

ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʜʫʪʴ ʜʦʣʘʪʠ ʙʽʣʴʰʠʡ ʰʣʷʭ ʪʝʨʪʷ. ʈʝʢʦʤʝʥʜʦʚʘʥʠʡ ʩʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 

ʧʦʚʠʥʝʥ ʩʪʘʥʦʚʠʪʠ 50% ʚʽʜ ʾʾ ʟʘʛʘʣʴʥʦʛʦ ʦʙ'ʻʤʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʜʝʪʘʣʝʡ ʧʦʚʠʥʥʦ ʙʫʪʠ ʥʝ ʤʝʥʰ, ʥʽʞ 2:1 ʚʽʜʧʦʚʽʜʥʦ. 

ʈʦʟʤʽʨ ʪʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʘʙʨʘʟʠʚʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʪʽʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʫ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʭʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʈʝʢʦʤʝʥʜʦʚʘʥʦ, ʱʦʙ ʨʦʟʤʽʨ ʘʙʨʘʟʠʚʥʠʭ 

ʢʝʨʘʤʽʯʥʠʭ ʪʽʣ ʙʫʚ ʚ 2 ʨʘʟʠ ʤʝʥʰʠʡ ʚʽʜ ʨʦʟʤʽʨʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʦʪʚʦʨʫ ʜʝʪʘʣʽ, ʢʦʪʨʠʡ, ʚ ʩʚʦʶ 

ʯʝʨʛʫ, ʙʽʣʴʰʠʡ ʟʘ 8 ʤʤ. ʗʢʱʦ ʦʪʚʦʨʠ ʫ ʚʠʨʦʙʽ ʥʝ ʧʝʨʝʜʙʘʯʝʥʽ, ʪʦ ʨʦʟʤʽʨ ʘʙʨʘʟʠʚʥʠʭ ʢʝʨʘʤʽʯʥʠʭ ʪʽʣ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʚ 5 ī 10 ʨʘʟʽʚ ʤʝʥʰʠʡ ʟʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʛʘʙʘʨʠʪʥʠʡ ʧʘʨʘʤʝʪʨ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ tʟʘʛ2, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʙʫʜʝ ʩʢʣʘʜʘʪʠ: 

.9002 ʭʚtʟʘʛ=             (2) 

ɼʘʣʽ ʚʠʢʦʥʫʚʘʣʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʯʽʢʫʚʘʥʦʛʦ ʨʽʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʤʦʞʣʠʚʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʥʘ ʊʆɺ çPolyplastè ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʧʦʣʽʤʝʨʥʠʭ ˇʫʜʟʠʢʽʚ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

 
ʈʠʩ. 2. ʌʦʪʦ ʟʨʘʟʢʽʚ ʧʦʣʽʝʬʽʨʥʠʭ ˇʫʜʟʠʢʽʚ, ʷʢʽ ʧʨʦʡʰʣʠ ʚʽʜʧʦʚʽʜʥʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʫ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ  

 

ʊʘʙʣʠʮʷ 1 

ʇʘʨʘʤʝʪʨ ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʆʙ'ʻʤ ʻʤʢʦʩʪʽ, ʤ3 0,33 0,32 

ʂʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʥʘ ʦʜʥʽʡ ʤʘʰʠʥʽ, ʰʪ. 1 1 

ʄʘʩʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚ ʦʜʥʫ ʤʘʰʠʥʫ ʟʘʛʦʪʦʚʦʢ, ʢʛ 30 35 

ʏʘʩ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ, ʭʚ 2ô160 900 

ʈʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ʧʨʠ ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ, ʛʦʜ 1ô926 688 

ʄʘʩʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚ ʨʽʢ ʜʝʪʘʣʝʡ ʥʘ ʦʜʥʽʡ ʤʘʰʠʥʽ, ʢʛ 1ô605 1ô605 

ʇʦʪʨʽʙʥʘ ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, ʰʪ. 2 2 

ɺʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ, ʛʨʥ 300ô000 300ô000 

ʇʦʪʫʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʢɺʪ 4,8 4,8 

 

ʈʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ɻ1 ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʮʝʩʫ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ ʊʆɺ 

çPolyplastè ʧʨʘʮʶʻ ʧʨʠ ʦʜʥʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ (ʂʩʤ=1), ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʛʘʣʪʫʚʘʥʥʷ 

ʚʠʪʨʘʯʘʻʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 2160 ʭʚ ʯʘʩʫ, ʘ ʚ ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ çWPS 330è ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ 30 ʢʛ ʩʠʨʦʚʠʥʠ. 

,1926195,02027..1 ʛʦʜKKFɻ ʩʤoʧʥ =ÖÖ=ÖÖ=         (3) 

ʜʝ Fʥ ï ʥʦʤʽʥʘʣʴʥʠʡ ʬʦʥʜ ʯʘʩʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ; ʂʧ.ʦ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ 

ʧʣʘʥʦʚʠʡ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ. 

;254111365 ʜʦʙʠFFF nʢʥ =-=-=          (4) 

,2027758249... ʛʦʜtFtFF ʩʤʧʨʥʧʨʩʤʥʧʥ =Ö+Ö=Ö+Ö=      (5) 

ʜʝ Fʢ, Fʧ, Fʧʨ.ʥ, Fʧ.ʥ ï ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʢʘʣʝʥʜʘʨʥʠʭ, ʚʠʭʽʜʥʠʭ ʪʘ ʩʚʷʪʢʦʚʠʭ, ʧʝʨʝʜʩʚʷʪʢʦʚʠʭ ʽ ʧʦʚʥʠʭ ʜʥʽʚ 

(Fʢ=365; Fʧ=111; Fʧʨ.ʥ=5; Fʧ.ʥ=249); tʩʤ  ʪʘ tʧʨ.ʩʤ ï ʪʨʠʚʘʣʽʩʪʴ ʧʦʚʥʦʾ ʪʘ ʧʝʨʝʜʩʚʷʪʢʦʚʦʾ ʨʦʙʦʯʦʾ ʟʤʽʥ. 

 ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ɻ2 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʚʦʣʦʛʦʛʦ 

ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʨʠ ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ. ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ ʙʫʜʝ  

ʚʠʪʨʘʯʘʪʠʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 900 ʭʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ (ʚ 2,4 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʫ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ). ʆʢʨʽʤ 

ʮʴʦʛʦ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʘ ʦʜʠʥ ʮʠʢʣ ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʦʞʥʘ 

ʦʙʨʦʙʠʪʠ ʥʘ 5 ʢʛ ʙʽʣʴʰʝ ʜʝʪʘʣʝʡ. ʈʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
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ʜʝ m1 ï ʤʘʩʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚ ʟʘʛʦʪʦʚʦʢ ʚ ʦʜʥʫ ʨʦʟʨʦʙʣʝʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, m2 ï ʤʘʩʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚ ʟʘʛʦʪʦʚʦʢ ʚ ʦʜʥʫ 

 ʄʘʩʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʫ ʨʽʢ ʜʝʪʘʣʝʡ mʟʘʛ1(2) ʥʘ ʦʜʥʽʡ ʤʘʰʠʥʽ, ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ ʙʫʜʝ ʦʜʥʘʢʦʚʦʶ, ʪʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʚʠʨʘʟʦʤ: 

.1605
60

)2(1

)2(1

)2(1

12 ʢʛm
t

ɻ
mm

ʟʘʛ

ʟʘʛʟʘʛ =Ö
ö
ö

÷

õ

æ
æ

ç

å Ö
==           (7) 

ʊʘʢʦʞ ʧʨʦʚʦʜʠʣʠ ʨʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʦ ʩʪʘʪʪʷʭ ʚʠʪʨʘʪ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ.  

ɸʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ (15% ʚʽʜ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ) ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʪʘ ʚʘʨʽʘʥʪʫ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ: 
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ʛʨʥɸA 000'4515,0000'30021 =Ö==                      (8) 

 ɺʠʪʨʘʪʘ ʥʘ ʨʝʤʦʥʪ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʦʙʦʭ ʚʠʧʘʜʢʽʚ (15% ʚʽʜ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ): 

.000'451 ʛʨʥʈ=           (9) 

ɺʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ: 

,6,936'1069,119267,08,41 1 ʛʨʥʎɻKMɽ c =ÖÖÖ=ÖÖÖ=      (10) 

ʜʝ  ʄ ï ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʂʩ=0,7 ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʠʪʫ, ɻ1=1926 ï ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ 

ʬʦʥʜ (ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ), ʎ=1,68 ʛʨʥ ï ʮʽʥʘ 1 ʢɺʪ*ʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʩʪʘʥʦʤ ʥʘ 01.02.2021 ʨʦʢʫ). 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ:  

ʛʨʥɽʈɸʉ 6,936'1006,936'10000'45000'451111 =++=++=       (11) 

ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ, ʚʠʪʨʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʦʚʠʪʠʤʫʪʴ:  

,7,390669,15357,00,32 2 ʛʨʥʎɻKMɽ c =ÖÖÖ=ÖÖÖ=     (12) 

ʜʝ  ɻ2 ï ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ (ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ). 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ: 

ʛʨʥɽʈɸʉ 7,906'934,3906000'45000'452222 =++=++=            (13) 

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʢʽʣʴʢʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʩʪʘʥʦʚʠʪʴ 2 ʦʜʠʥʠʮʽ: 

( ),)22()11(2 KECKɽʉɽʨ Ö+-Ö+Ö=          (14) 

ʜʝ  C1, ʉ2 ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʧʦ ʟʤʽʥʥʠʭ ʩʪʘʪʪʷʭ ʚʠʪʨʘʪ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ; K1, K2 ï ʢʘʧʽʪʝʣʴʥʽ ʚʠʪʨʘʪʠ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; ɽ=0,15 ï 

ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

( ) ʛʨʥɽʨ 8,059'14)000'30015,07,906'93()000'30015,06,936'100(2 =Ö+-Ö+Ö=  

ʋ ʨʝʟʫʣʴʪʘʪʽ, ʦʯʽʢʫʚʘʥʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ 

ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʩʢʣʘʜʝ 14ô059,8 ʛʨʥ ʥʘ ʜʚʽ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʈʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ 

ʽʥʪʝʥʩʠʬʽʢʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 
2. ɸʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʠʢʦʥʘʥʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʦʩʦʙʫ 

ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʧʦʣʽʝʬʽʨʥʠʭ ˇʫʜʟʠʢʽʚ. 

3. ʈʦʟʨʘʭʦʚʘʥʦ ʦʯʽʢʫʚʘʥʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ 

ʚʦʣʦʛʦʛʦ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè, ʱʦ ʩʢʣʘʜʝ 14ô059,8 ʛʨʥ ʥʘ ʜʚʽ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʈɸʍʋʅʂʋ ɺʀʂʆʈʀʉʊɸʅʆɻʆ ʈɽʉʋʈʉʋ ʇʃɸʉʊʀʏʅʆʉʊɯ 

ʇʈʀ ʍʆʃʆɼʅʆʄʋ ʌʆʈʄʋɺɸʅʅɯ ɺʀʈʆɹɯɺ ʊʀʇʋ ʉʊɸʂɸʅ  
 
ˏ ̨̑̏̂̏̓ ̘̔̓̏̎̆̎̏ ̍̆̓̏̅̉̋̔ ̖̑̏̈̑́̔̎̋̔ ̃̉̋̏̑̉̒̓́̎̏̄̏ ̑̆̒̔̑̒̔ ̨̘̐̌́̒̓̉̎̏̒̓ ̈́̄̏̓̏̃̏̋ ̓̉̐̔ Ⱥ˞̓́̋́̎Ȼ 

̃ ̗̖̐̑̏̆̒́ ̈̃̏̑̏̓̎̏̄̏ ̖̏̌̏̅̎̏̄̏ ̘̐̌́̒̓̉̎̏̄̏ ̨̠̏̑̍̏̈̍̎̆̎̎̕Ȣ  
˜̑̉ ̖̑̏̈̑́̔̎̋̔ ̃̉̋̏̑̉̒̓́̎̏̄̏ ̑̆̒̔̑̒̔ ̨̘̐̌́̒̓̉̎̏̒̓ ̖̃̑́̏̃́̎̏ ̃̐̌̉̃ ̏̂ǫ̤̃̄̍̎̏̒̓ ̖̒̆̍̉ ̎́̐̑̔̇̆̎̏̄̏ 

̒̓́̎̔ ̙̠̖̌̏̍ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̖̐̏̃̆̑̎ ̘̖̄̑́̎̉̎̉ ̨̗̅̆̏̑̍́̊̕ ̨̝̈́̍̒̓ ̨̅́̄̑́̍ ̨̘̐̌́̒̓̉̎̏̒̓Ȣ  
˔̠́̒̓̏̒̔̃́̎̎ ̨̘̄̅̑̏̒̓́̓̉̎̏̄̏ ̨̐̅̐̏̑̔ ̐̑̉ ̈̃̏̑̏̓̎̏̍̔ ̨̟̃̉̅́̃̌̃́̎̎ ̅̏̈̃̏̌̉̌̏ ̎̆ ̨̝̓̌̋̉ ̙̈̍̆̎̉̓̉ 

̨̝̒̓̔̐̎ ̃̉̋̏̑̉̒̓́̎̏̄̏ ̑̆̒̔̑̒̔ ̨̘̐̌́̒̓̉̎̏̒̓ȟ ́ ̓́̋̏̇ ̏̓̑̉̍́̓̉ ̨̝̙̂̌ ̨̨̑̃̎̏̍̑̎̉̊ ̊̏̄̏ ̨̑̏̈̐̏̅̌ȟ ̏̓̇̆ 
̨̐̅̃̉̉̓̉̚ ̨̠̝̋̒̓ ̖̏̓̑̉̍̔̃́̎̉ ̈́̄̏̓̏̃̏̋ ̐̑̉ ̈̃̏̑̏̓̎̏̍̔ ̨̟̃̉̅́̃̌̃́̎̎ ̨ ̐̏̋̑́̉̓̉̚ ̨̖̘̓̆̎̏̌̏̄̎̔ ̨̝̒̐́̅̋̏̃̒̓ 
̖̄̏̓̏̃̉ ̨̃̉̑̏̂̃Ȣ 

˛̨̓̑̉̍́̎ ̃ ̨̑̏̂̏̓ ̝̑̆̈̔̌̓́̓̉ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̨̗̏̎̋̉ ̘̄̑́̎̉̎̏̄̏ ̨̠̏̑̍̏̈̍̎̆̎̎̕ ̃ 
̨̖̐̏̅̂̎̉ ̨̖̘̖̓̆̎̏̌̏̄̎̉ ̗̖̐̑̏̆̒́ȟ ̏̚ ̟̝̠̒̔̐̑̏̃̏̅̇̔̓̒ ̏̂ȭ̤̟̍̎̏ ̖̟̒̆̍̏ ̎́̐̑̔̇̆̎̏̄̏ ̒ ̓́̎̔Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̃̉̋̏̑̉̒̓́̎̉̊ ̑̆̒̔̑̒ ̨̘̐̌́̒̓̉̎̏̒̓ȟ ̘̄̑́̎̉̎̆ ̨̠̏̑̍̏̈̍̎̆̎̎̕ȟ ̈̃̏̑̏̓̎̆ ̟̠̃̉̅́̃̌̃́̎̎ȟ 
̖̏̌̏̅̎̆ ̘̐̌́̒̓̉̎̆ ̠̅̆̏̑̍̔̃́̎̎̕Ȣ 
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FEATURES OF THE CALCULATION OF THE USE D PLASTICITY  

RESOURCE DURING COLD FORMING OF GLASS -TYPE PRODUCTS 
 

The reverse extrusion process is widely used in the production of "Glass" type parts. Due to high technical and economic indicators 
and great technological possibilities, in recent years, cold plastic deformation has become widely used in machine- and instrument-building 
plants, in the electrical and radio engineering industry, as well as in other branches of the national economy. However, the possibility of cold 
plastic deformation by the extrusion method is not yet sufficiently used. The reason is that, traditionally, during the design of metal pressure 
processing processes, attention is paid to determining the power parameters and ensuring the geometric accuracy of the workpieces. But this 
does not allow us to assess the ultimate shape change and technological heredity of the finished products and make a quantitative 
assessment of the damage of the deformed metal. 

In this work, the process of forming products of the "Glass" type by reverse cold plastic deformation is investigated, in which the 
used plasticity resource is taken as the most important parameter responsible for the quality of the products. 

The method of calculation of the used resource of plasticity of "Glass" blanks in the processes of reverse cold plastic forming is 
clarified. 

When calculating the used plasticity resource, the effect of the volume of the stress state scheme is taken into account by using the 
limit deformation surface instead of the plasticity diagrams. 

The graphs of distribution of the resource of plasticity by the radius of the workpiece are obtained. From the analysis of the results it 
follows that the greatest intensity of accumulation of damage occurs in the areas of maximum irregularity of plastic deformation. Points of 

contact of the punch with the workpiece turned out to be dangerous. 

The use of hydrostatic support in reverse extraction allowed not only to reduce the degree of plasticity used, but also to obtain a 
more uniform distribution of it, therefore, to improve the quality of the obtained blanks when reverse extrusion and improve the 
technological heredity of the finished products. 

The results obtained in the work can be used to estimate the limit change in shape in similar technological processes, which are 
accompanied by a volumetric scheme of the stressed state. 

Keywords: used plasticity resource, limit deformation, reverse extrusion, cold plastic deformation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʌʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʪʠʧʫ çʉʪʘʢʘʥè ʭʦʣʦʜʥʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ. ʇʨʦʮʝʩ ʟʚʦʨʦʪʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʜʝʪʘʣʝʡ ʪʠʧʫ ñʉʪʘʢʘʥò.  

ɿʘʚʜʷʢʠ ʚʠʩʦʢʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤ ʽ ʚʝʣʠʢʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ ʭʦʣʦʜʥʝ 

ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʣʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʥʘ ʤʘʰʠʥʦ- ʽ ʧʨʠʣʘʜʦʙʫʜʽʚʥʠʭ 

ʟʘʚʦʜʘʭ, ʚ ʝʣʝʢʪʨʦ- ʽ ʨʘʜʽʦʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

ʆʜʥʘʢ, ʤʦʞʣʠʚʦʩʪʽ ʭʦʣʦʜʥʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʝʪʦʜʦʤ ʚʠʜʘʚʣʶʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʱʝ ʥʝʜʦʩʪʘʪʥʴʦ. ʇʨʠʯʠʥʦʶ ʻ ʪʝ, ʱʦ ʪʨʘʜʠʮʽʡʥʦ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ 

ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʶ ʝʥʝʨʛʦʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʪʦʯʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ. ɸʣʝ ʮʝ ʥʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʛʨʘʥʠʯʥʝ ʬʦʨʤʦʟʤʽʥʝʥʥʷ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʧʘʜʢʦʚʽʩʪʴ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ ʪʘ ʟʨʦʙʠʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʧʦʰʢʦʜʞʝʥʥʦʩʪʽ ʟʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ.  

ʆʜʥʘ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʟʚʦʨʦʪʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʧʦʣʷʛʘʻ ʫ ʟʥʘʯʥʽʡ 

ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʦ ʦʙôʻʤʫ 

ʟʜʝʬʦʨʤʦʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʙʨʘʢʫ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʟʘʨʦʜʞʝʥʥʷʤ 

ʤʽʢʨʦʪʨʽʱʠʥ. ɼʣʷ ʫʩʫʥʝʥʥʷ ʽʩʥʫʶʯʠʭ ʥʝʜʦʣʽʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʧʦʨʫ ʚ 

ʧʨʦʮʝʩʘʭ ʟʚʦʨʦʪʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ.  

https://orcid.org/0000-0002-8280-5552
mailto:kyrytsya@vntu.edu.ua
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ɺʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʚʠʨʦʙʽʚ ʪʠʧʫ çʉʪʘʢʘʥè ʭʦʣʦʜʥʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʦʙôʻʤʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ 

ʪʠʧʫ çʉʪʘʢʘʥè ʚ ʧʨʦʮʝʩʘʭ ʟʚʦʨʦʪʥʦʛʦ ʭʦʣʦʜʥʦʛʦ ʧʣʘʩʪʠʯʥʦʛʦ ʬʦʨʤʦʟʤʽʥʝʥʥʷ, ʚʨʘʭʦʚʫʶʯʠ ʦʙôʻʤʥʽʩʪʴ ʩʭʝʤʠ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʪʠʧʫ çʉʪʘʢʘʥè (ʨʠʩ. 1) ʟʚʦʨʦʪʥʠʤ 

ʭʦʣʦʜʥʠʤ ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ, ʚ ʷʢʦʤʫ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʷʢʽʩʪʴ 

ʚʠʨʦʙʽʚ, ʧʨʠʡʥʷʪʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʽ.  

ʅʘ ʷʢʽʩʪʴ ʽ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʧʘʜʢʦʚʽʩʪʴ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ, 

ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʨʽʚʝʥʴ ʪʘ ʟʘʢʦʥ ʨʦʟʧʦʜʽʣʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ y ʧʦ ʦʙôʻʤʫ ʟʜʝʬʦʨʤʦʚʘʥʦʾ 

ʟʘʛʦʪʦʚʢʠ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ ʽ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʽʩʪʦʨʽʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʯʘʩʪʠʥʢʠ ʚ ʦʙôʻʤʽ ʟʘʛʦʪʦʚʢʠ.  

ʊʦʤʫ, ʫʪʦʯʥʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʦʙôʻʤʥʦʶ ʩʭʝʤʦʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʻ ʘʢʪʫʘʣʴʥʠʤ.     

   

              
ʈʠʩ. 1. ʌʦʪʦʛʨʘʬʽʾ ʜʝʬʦʨʤʦʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ɸɼ0 ʪʘ ʄ1 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʦʪʨʠʤʘʥʠʤʠ ʚ ʨʦʙʦʪʘʭ [1-4]: ʚʠʚʯʝʥʦ ʤʝʭʘʥʽʢʫ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ 

ʚʠʨʦʙʽʚ ʪʠʧʫ çʉʪʘʢʘʥè, ʷʢ ʟ ʛʽʜʨʦʧʽʜʧʦʨʦʤ, ʪʘʢ ʽ ʙʝʟ; ʩʬʦʨʤʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʘʩʧʦʨʪ ʤʘʪʝʨʽʘʣʽʚ (ɸɼ0 ʪʘ 

ʄ1), ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʜʝʪʘʣʽ ʪʠʧʫ çʉʪʘʢʘʥè; ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠʢʫ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʚ ʨʦʙʦʪʽ [3, 4] 

ʨʦʟʨʘʭʦʚʘʥʦ ʽ ʜʦʩʣʽʜʞʝʥʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚ ʨʽʟʥʠʭ ʦʙʣʘʩʪʷʭ ʬʦʨʤʫʻʤʦʛʦ ʚʠʨʦʙʫ ʟ ʤʝʪʦʶ 

ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʽ ɣ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ (1) [5, 6, 7]  
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S1, S2, S3 ï ʢʦʤʧʦʥʝʥʪʠ ʜʝʚʽʘʪʦʨʘ ʥʘʧʨʫʞʝʥʴ; 
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qr ++
=  ï ʧʦʢʘʟʥʠʢ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ; 

zsss qr ,, ï ʢʦʤʧʦʥʝʥʪʠ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ; 

us  ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʴ; 

uʝ ï ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʝʬʦʨʤʘʮʽʡ. 

ʇʦʚʝʨʭʥʽ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ɸɼ0 ʪʘ ʄ1 ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ  

ɯ. ʆ. ʉʠʚʘʢʦʤ ʚ ʨʦʙʦʪʽ  ʚ ʨʦʙʦʪʘʭ [5] ʪʘ [6].                    

)51,042,0exp(1,1),( hmmh ss -=pe  ï  ʧʦʚʝʨʭʥʷ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ɸɼ0 ʽ ʰʣʷʭʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʚ  ʥʝʙʝʟʧʝʯʥʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʚʠʜʘʚʣʶʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʚʠʨʦʙʽʚ ʟ ʛʣʫʭʠʤ ʦʪʚʦʨʦʤ (ʨʠʩ. 2).  

)45,038,0exp(022,1),( hmmh ss -=pe  ï ʧʦʚʝʨʭʥʷ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʄ1 ʽ ʰʣʷʭʠ 
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ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʚ ʥʝʙʝʟʧʝʯʥʠʭ ʦʙʣʘʩʪʷʭ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʚʠʜʘʚʣʶʚʘʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʚʠʨʦʙʽʚ ʟ ʛʣʫʭʠʤ ʦʪʚʦʨʦʤ (ʨʠʩ. 3).   

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʫʚʘʪʠ ʦʙôʻʤʥʽʩʪʴ ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

 

 
ʈʠʩ. 2. ʇʦʚʝʨʭʥʷ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ɸɼ0 

ʪʘ ʰʣʷʭʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʚ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙʣʘʩʪʷʭ 

 

 

 

ʈʠʩ. 3. ʇʦʚʝʨʭʥʷ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʄ1 

ʪʘ ʰʣʷʭʠ ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʚ ʥʝʙʝʟʧʝʯʥʠʭ 

ʦʙʣʘʩʪʷʭ 

 

 ʅʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʠʤʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʨʫʡʥʫʚʘʥʥʷ, ʚʠʷʚʠʣʠʩʴ ʪʦʯʢʠ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʦʙʣʘʩʪʽ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ z = 0 (ʨʠʩ. 4), r = 10 ʽ 14 ʤʤ.  

 

 
ʈʠʩ. 4. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʚʦʨʦʪʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ 

 

ʅʘ ʨʠʩ. 5 ʪʘ ʨʠʩ. 6 ʧʨʠʚʝʜʝʥʽ ʟʘʢʦʥʠ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ, ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

h ʽ ms  ʪʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ɣ (ʨʠʩ. 7, 8) ʧʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ ʚ ʥʝʙʝʟʧʝʯʥʽʡ ʦʙʣʘʩʪʽ ʧʨʠ z 

= 0.  
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ʈʠʩ. 5. ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ  

ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ  

ʧʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ  ɸɼ0 ʧʨʠ z = 0  

¶ ï ʚʠʜʘʚʣʶʚʘʥʥʷ ʙʝʟ ʛʽʜʨʦʧʽʜʧʦʨʫ  

o ï ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʛʽʜʨʦʧʽʜʧʦʨʦʤ 

 

 
ʈʠʩ. 6. ɿʤʽʥʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ  

ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʧʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ  ʄ1 ʧʨʠ z = 0  

¶ ï ʚʠʜʘʚʣʶʚʘʥʥʷ ʙʝʟ ʛʽʜʨʦʧʽʜʧʦʨʫ  

o ï ʚʠʜʘʚʣʶʚʘʥʥʷ ʟ ʛʽʜʨʦʧʽʜʧʦʨʦʤ 

 

 

ɯʟ ʘʥʘʣʽʟʽʚ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ 

ʤʘʻ ʤʽʩʮʝ ʚ ʦʙʣʘʩʪʷʭ ʤʘʢʩʠʤʘʣʴʥʦʾ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ 

ʧʽʜʧʦʨʫ ʜʦʟʚʦʣʠʣʦ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʡʦʛʦ ʨʦʟʧʦʜʽʣ (ʨʠʩ. 7, 8). 

 

 
 

ʈʠʩ. 7. ɿʤʽʥʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʦ ʨʘʜʽʫʩʫ 

r ʟʘʛʦʪʦʚʢʠ ɸɼ 0  ʧʨʠ z = 0 

ʈʠʩ. 8. ɿʤʽʥʘ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʦ ʨʘʜʽʫʩʫ 

r ʟʘʛʦʪʦʚʢʠ ʄ1  ʧʨʠ z = 0 
 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɼʣʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʾ ʦʮʽʥʢʠ ʜʝʬʦʨʤʫʻʤʦʩʪʽ ʤʝʪʘʣʽʚ ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʷʢʠʡ ʤʘʻ 

ʤʽʩʮʝ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʚʠʜʘʚʣʶʚʘʥʥʽ, ʫʜʦʩʢʦʥʘʣʝʥʦ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʜʝʬʦʨʤʫʻʤʦʩʪʽ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʟʘʤʽʩʪʴ ʜʽʘʛʨʘʤ ʧʣʘʩʪʠʯʥʦʩʪʽ.  

ʆʪʨʠʤʘʥʦ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʦ ʨʘʜʽʫʩʫ ʟʘʛʦʪʦʚʢʠ. ɯʟ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʧʣʠʚʘʻ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʤʘʻ ʚ ʪʦʯʢʘʭ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ r = 1, z = 

0. ʂʨʽʤ ʪʦʛʦ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ ʨʦʩʪʦʤ ʚʽʜʥʦʰʝʥʥʷ 
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ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʜʽʫʩʘ ʟʘʛʦʪʦʚʢʠ ʜʦ ʨʘʜʽʫʩʘ ʧʫʘʥʩʦʥʘ. ʅʝʙʝʟʧʝʯʥʠʤʠ ʚʠʷʚʠʣʠʩʷ ʪʦʯʢʠ ʧʨʠ ʢʦʥʪʘʢʪʽ 

ʧʫʘʥʩʦʥʘ ʽʟ ʟʘʛʦʪʦʚʢʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʧʦʨʫ ʜʦʟʚʦʣʠʣʦ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʩʪʫʧʽʥʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʠʡ ʡʦʛʦ ʨʦʟʧʦʜʽʣ, ʦʪʞʝ ʧʽʜʚʠʱʠʪʠ 

ʷʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʟʘʛʦʪʦʚʦʢ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʚʠʜʘʚʣʶʚʘʥʥʽ ʽ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʧʘʜʢʦʚʽʩʪʴ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ.  
ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʩʪʘʪʠʯʥʦʛʦ ʧʽʜʧʦʨʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʩʭʝʤʦʶ ʙʝʟ ʛʽʜʨʦʧʽʜʧʦʨʫ, 

ʜʦʟʚʦʣʠʣʦ ʥʝ ʪʽʣʴʢʠ ʟʤʝʥʰʠʪʠ ʩʪʫʧʽʥʴ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ ʡ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ 

ʨʽʚʥʦʤʽʨʥʠʡ ʡʦʛʦ ʨʦʟʧʦʜʽʣ.  
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RESEARCH OF THE LIMING -UNHAIRING OF LEATHER PARCHMENT  WITH THE PRESENCE OF THE 

NATURAL MINERAL ZEOLITE  
 

In many methods for the production of natural leather, the process of liming-unhairing is carried out using toxic sodium sulfide, 
poorly soluble calcium hydroxide, etc., this increases the degree of pollution of wastewater, complicates the work of treatment facilities. To 
improve the ecological situation, some works suggest replacing the widespread sulfide-lime liming-unhairing with a two-stage pure lime one 
or by using sodium hydroxide with kaolin together. In the development of this direction, this paper considers the possibility of using another 
natural mineral, zeolite, known for its high sorption capacity, during liming-unhairing. The paper investigates the hypothesis of a delayed 
action of calcium hydroxide on raw hides with the addition of zeolite. The hypothesis provides for the following mechanism: the absorbing 
complex of the zeolite sorbs calcium hydroxide ions, and after a while the reverse process gradually takes place - the zeolite gives Ca2+ and 
OH- ions back into the solution. This is confirmed by the results of studying the sorption-desorption kinetics of calcium hydroxide by zeolite 
depending on the concentration of lime and mineral. The influence of liming-unhairing conditions (lime-sulfide and sulfide-free using 
calcium hydroxide, calcium chloride in the presence of zeolite) on the formation of the structure and properties of the semi-finished leather 
product (pelt) and finished leather (parchment) is considered. The expediency of sulfide-free lime liming-unhairing in the presence of zeolite 
has been established, which makes it possible to obtain a strong, filled leather with a reduced consumption (or even complete exclusion) of 
environmentally harmful chemical reagents. 

Keywords: leather parchment, liming-unhairing, zeolite. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʜʥʠʤʠ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦʮʝʩʽʚ ʰʢʽʨʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʽ, ʢʨʽʤ ʜʫʙʣʝʥʥʷ, ʪʨʘʜʠʮʽʡʥʦ 

ʚʚʘʞʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʟʦʣʽʥʥʷ ʪʘ ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʟʚ'ʷʟʦʢ ʚʦʣʦʩʫ ʟ ʜʝʨʤʦʶ, 

ʚʠʜʘʣʷʶʪʴʩʷ ʤʽʞʚʦʣʦʢʦʥʥʽ ʙʽʣʢʦʚʽ ʨʝʯʦʚʠʥʠ (ʤʫʮʠʥʠ, ʤʫʢʦʾʜʠ ʪʘ ʽʥ.), ʚʝʣʠʢʽ ʩʪʨʫʢʪʫʨʥʽ ʝʣʝʤʝʥʪʠ ʜʝʨʤʠ 

(ʢʦʣʘʛʝʥʦʚʽ ʚʦʣʦʢʥʘ ʪʘ ʾʭ ʧʫʯʢʠ) ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʜʨʽʙʥʽʰʽ (ʚʦʣʦʢʦʥʮʷ ʪʘ ʬʽʙʨʠʣʠ), ʞʠʨʦʚʽ ʨʝʯʦʚʠʥʠ ʰʢʫʨʠ 

ʯʘʩʪʢʦʚʦ ʦʙʤʠʣʷʶʪʴʩʷ [1].  

ʋ ʙʘʛʘʪʴʦʭ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʠʢʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʫʨʘʣʴʥʦʾ ʰʢʽʨʠ ʮʽ ʧʨʦʮʝʩʠ ʩʫʤʽʱʘʶʪʴʩʷ ʽ 

ʧʨʦʚʦʜʷʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʘʢʠʭ ʝʢʦʣʦʛʽʯʥʦ ʰʢʽʜʣʠʚʠʭ ʨʝʘʛʝʥʪʽʚ ʷʢ ʩʫʣʴʬʽʜ ʥʘʪʨʽʶ ʪʘ ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ, 

ʱʦ, ʥʘ ʞʘʣʴ, ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʡ 

ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʷʢʦʩʪʽ ʛʦʣʠʥʠ ʪʘ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʚʠʢʣʠʢʘʶʯʠ ʩʪʷʞʢʫ, ʩʘʜʢʫ ʣʠʮʴʦʚʦʾ ʧʦʚʝʨʭʥʽ, 

ʧʫʭʣʠʥʫʚʘʪʽʩʪʴ ʪʘ ʞʦʨʩʪʢʽʩʪʴ [2, 3]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʫʜʦʩʢʦʥʘʣʝʥʥʽ ʽʩʥʫʶʯʠʭ ʘʙʦ 

ʨʦʟʨʦʙʣʝʥʥʽ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ  ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʪʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʥʝ 

ʣʠʰʝ ʚʠʢʣʶʯʠʪʠ ʘʙʦ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʨʝʘʛʝʥʪʽʚ, ʘ ʡ ʟʘʙʝʟʧʝʯʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʦʙôʻʤʫ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʦʢʽʚ. 

ɺʠʭʦʜʷʯʠ ʟ ʚʠʢʣʘʜʝʥʦʛʦ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ ʮʝʦʣʽʪʫ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʦʛʦ ʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ, 

ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪʠ ʤʘʣʦʨʦʟʯʠʥʥʦʛʦ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ɼʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʤʝʪʠ ʧʦʩʪʘʚʣʝʥʦ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʫʤʦʚ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʧʝʨʝʙʽʛ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʨʤʠ. 
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ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʧʨʦʮʝʩ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ, ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʫʤʦʚʘʤʠ ʦʙʨʦʙʣʝʥʥʷ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ (ʛʦʣʠʥʠ) ʪʘ ʛʦʪʦʚʦʾ 

ʰʢʽʨʠ.  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʝʘʛʝʥʪʽʚ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ ʮʝʦʣʽʪʫ ʧʨʦʚʝʣʠ ʩʝʨʽʶ ʧʦʰʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʚʯʠʥʠ ʤʦʢʨʦʩʦʣʝʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʧʽʩʣʷ ʚʽʜʤʦʯʫʚʘʥʥʷ, ʷʢʝ ʧʨʦʚʦʜʠʣʦʩʷ ʫ ʚʦʜʽ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɻʨʫʧʠ ʟʨʘʟʢʽʚ ʫ ʢʽʣʴʢʦʩʪʽ ʪʨʴʦʭ ʰʪʫʢ, ʧʽʜʽʙʨʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʘʩʠʤʝʪʨʠʯʥʦʾ ʙʘʭʨʦʤʠ, 

ʦʙʨʦʙʣʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʫ ʻʤʥʦʩʪʽ 3 ʜʤ3 ʟ ʚʤʦʥʪʦʚʘʥʠʤʠ ʧʦʣʠʮʷʤʠ ʜʣʷ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ ʟʽ ʰʚʠʜʢʽʩʪʶ 18-20 ʭʚï1 ʥʘ ʫʩʪʘʥʦʚʮʽ ʢʫʣʴʢʦʚʦʛʦ ʜʚʦʚʘʣʢʦʚʦʛʦ ʤʣʠʥʘ ʄ-188-01 [4].  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʚʽʜʦʤʦ, ʱʦ ʜʣʷ ʨʦʟʧʫʰʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʜʝʨʤʠ ʪʘ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʩʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʨʅ ʩʠʩʪʝʤʠ [5ï7]. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʩʧʦʯʘʪʢʫ 

ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʨʅ ʨʦʟʯʠʥʽʚ (ʩʫʩʧʝʥʟʽʡ) ʜʝʷʢʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʷʢʽ ʤʦʞʥʘ ʙ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʽʜ ʯʘʩ 

ʙʝʟʩʫʣʴʬʽʜʥʦʛʦ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ: ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ, ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʪʘ ʮʝʦʣʽʪʫ. ɿ ʪʘʙʣ. 1 ʚʠʜʥʦ, 

ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʨʅ ʩʠʩʪʝʤʠ ʩʠʣʴʥʦ ʣʫʞʥʠʡ (ʥʘ ʨʽʚʥʽ 11,40-11,95); ʫ ʨʘʟʽ ʭʣʦʨʠʜʫ 

ʢʘʣʴʮʽʶ ʘʙʦ ʮʝʦʣʽʪʫ ʮʝʡ ʧʦʢʘʟʥʠʢ ʙʣʠʞʯʠʡ ʜʦ ʥʝʡʪʨʘʣʴʥʦʛʦ (ʚ ʤʝʞʘʭ 5,60-7,20).  

ʊʘʙʣʠʮʷ 1 

ɿʥʘʯʝʥʥʷ ʨʅ ʨʦʟʯʠʥʽʚ (ʩʫʩʧʝʥʟʽʡ) ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ 

ʂʦʥʮʝʥʪʨʘʮʽʷ,  

ʛ/ʣ 

ɿʥʘʯʝʥʥʷ ʨʅ  

ʉaCl2 Ca(OH)2 ʎʝʦʣʽʪ 

2,5   6,00 

5,0 6,90 11,40 5,60 

10,0 7,10 11,90 5,70 

15,0 7,20 11,95  

 

ʍʣʦʨʠʜ ʢʘʣʴʮʽʶ ʻ ʩʽʣʣʶ ʩʠʣʴʥʦʛʦ ʣʫʛʫ ʉʘ(ʆʅ)2 ʪʘ ʩʠʣʴʥʦʾ ʢʠʩʣʦʪʠ HCl. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20 Áʉ 

ʨʦʟʯʠʥʥʽʩʪʴ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʩʪʘʥʦʚʠʪʴ 74,5 ʛ/100 ʤʣ; ʨʦʟʯʠʥʥʽʩʪʴ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ (ʘʙʦ ʛʘʰʝʥʦʛʦ ʚʘʧʥʘ) 

 0,165 ʛ/100 ʤʣ, ʪʦʙʪʦ ʨʦʟʯʠʥʥʽʩʪʴ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʫ 451,5 ʨʘʟʠ ʙʽʣʴʰʘ ʚʽʜ ʨʦʟʯʠʥʥʦʩʪʽ ʡʦʛʦ ʛʽʜʨʦʢʩʠʜʫ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʢʣʘʜʝʥʦʛʦ ʪʘ ʜʦʩʚʽʜʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʜʣʷ ʥʘʤʘʟʥʦʛʦ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ 

ʜʨ̔ʙʥʦʾ ʩʠʨʦʚʠʥʠ [8], ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʧʨʦʚʝʩʪʠ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʧʝʨʛʘʤʝʥʪʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʝʦʣʽʪʫ 

ʽ ʮʽʻʾ ʩʦʣʽ.  

ʇʽʩʣʷ ʚʽʜʤʦʯʫʚʘʥʥʷ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ ʫ ʰʢʫʨʽ ʩʪʘʥʦʚʠʣʘ 70,2 %, ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ  3,46 % 

(ʘʙʦ 11,61 % ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʘʙʩʦʣʶʪʥʦ ʩʫʭʫ ʨʝʯʦʚʠʥʫ). ʇʨʦʮʝʩ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ (ʢʦʥʮʝʥʪʨʘʮʽʷ 10,0 ʛ/ʣ) ʪʘ ʮʝʦʣʽʪʫ (ʢʦʥʮʝʥʪʨʘʮʽʷ 2,5; 5,0; 10,0 ʛ/ʣ); 

ʦʙʨʦʙʣʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ 1 ʧʨʦʚʦʜʠʣʠ ʙʝʟ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ (ʪʘʙʣ. 2).  

 

ʊʘʙʣʠʮʷ 2 

ʇʦʢʘʟʥʠʢʠ ʛʦʣʠʥʠ (ʮʝʦʣʽʪ + ʭʣʦʨʠʜ ʢʘʣʴʮʽʶ) 

ɻʨʫʧʘ 

ʂʦʥʮʝʥʪʨʘʮʽʷ  

ʮʝʦʣʽʪʫ, 

ʛ/ʣ 

ʄʘʩ. ʯʘʩʪʢʘ, 

% 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ  

ʦʮʽʥʢʘ 

ʚʦʣʦʛʘ ʤʽʥʝʨʘʣʴʥʽ 

ʨʝʯʦʚʠʥʠ 

ʥʘʷʚʥʽʩʪʴ 

ʙʫʙʥʷʚʠ 

ʚʠʜʘʣʝʥʥʷ 

ʚʦʣʦʩʫ 

1  72,5 8,3 ʚʽʜʩʫʪʥʷ ʫʩʢʣʘʜʥʝʥʝ 

2 2,5 73,4 9,8 ʚʽʜʩʫʪʥʷ ʫʩʢʣʘʜʥʝʥʝ 

3 5,0 74,7 10,0 ʚʽʜʩʫʪʥʷ ʫʩʢʣʘʜʥʝʥʝ 

4 10,0 70,9 10,3 ʚʽʜʩʫʪʥʷ ʫʩʢʣʘʜʥʝʥʝ 

 

ʇʽʩʣʷ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʛʦʣʠʥʘ ʫ ʚʩʽʭ ʛʨʫʧʘʭ ʙʫʣʘ ʙʝʟ ʙʫʙʥʷʚʠ, ʚʦʣʦʩ ʭʦʯʘ ʽ ʟʥʽʤʘʚʩʷ, ʘʣʝ 

ʜʫʞʝ ʚʘʞʢʦ (ʟʘʣʠʰʘʚʩʷ ʧʽʜʩʽʜ). ʊʦʤʫ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʣʦʨʠʜʫ ʢʘʣʴʮʽʶ ʚʽʜʤʦʚʠʣʠʩʴ ʽ 

ʟʘʣʫʯʠʣʠ ʜʦ ʨʦʙʦʪʠ ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ ʟ ʥʘʤʽʨʦʤ ʟʤʝʥʰʠʪʠ ʡʦʛʦ ʚʠʪʨʘʪʫ ʟʘ ʨʘʭʫʥʦʢ ʮʝʦʣʽʪʫ. 

ɻʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ ʜʦʙʨʝ ʟʘʨʝʢʦʤʝʥʜʫʚʘʚ ʩʝʙʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʟʜʘʪʥʠʡ ʜʦʙʨʝ ʨʦʟʧʫʰʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʜʝʨʤʠ, ʩʪʚʦʨʶʚʘʪʠ ʣʫʞʥʫ ʙʫʙʥʷʚʫ, ʚʠʣʫʯʘʪʠ ʤʽʞʚʦʣʦʢʦʥʥʽ 

ʙʽʣʢʠ. ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʻ ʡʦʛʦ ʥʠʟʴʢʘ ʨʦʟʯʠʥʥʽʩʪʴ ʽ ʪʝ, ʱʦ ʟ ʚʦʜʦʶ ʚʽʥ ʫʪʚʦʨʶʻ ʥʝ ʨʦʟʯʠʥ, ʘ 

ʩʫʩʧʝʥʟʽʶ; ʮʝ ʥʝ ʜʦʟʚʦʣʷʻ ʚʘʧʥʫ ʧʦʩʪʫʧʦʚʦ ʪʘ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʪʠʩʷ ʚ ʪʦʚʱʽ ʜʝʨʤʠ, ʧʦʙʫʜʦʚʘʥʦʾ ʟ ʜʫʞʝ 

ʚʽʜʤʽʥʥʠʭ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʩʦʩʦʯʢʦʚʦʛʦ ʪʘ ʩʽʪʯʘʩʪʦʛʦ ʰʘʨʽʚ. ɺʩʝ ʮʝ ʦʙʫʤʦʚʣʶʻ ʨʠʟʠʢ ʧʦʷʚʠ ʪʘʢʠʭ ʥʝʙʘʞʘʥʠʭ 

ʜʝʬʝʢʪʽʚ ʛʦʣʠʥʠ ʷʢ ʩʪʷʞʢʘ ʪʘ ʧʫʭʣʠʥʫʚʘʪʽʩʪʴ, ʘ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʻ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʪʘ ʟʥʘʯʥʫ 

ʢʽʣɹʢʽʩʪʴ ʚʘʧʥʷʥʦʛʦ ʚʽʜʚʘʣʫ (ʪʘʢ ʟʚʘʥʦʛʦ çʰʣʘʤʫè) ʧʽʩʣʷ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʫʩʢʣʘʜʥʶʻ ʨʦʙʦʪʫ 

ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʰʢʽʨʷʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʮʽʣʦʤʫ. ɺʠʭʦʜʷʯʠ ʟ ʚʠʢʣʘʜʝʥʦʛʦ, ʙʫʣʦ 

ʧʦʩʪʘʚʣʝʥʝ ʟʘʚʜʘʥʥʷ ʥʝ ʧʨʦʩʪʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʚʘʧʥʘ ʧʨʠ ʟʦʣʽʥʥʽ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʽ, ʘ ʡ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʪʠ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʩʦʢʦʾ ʩʦʨʙʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʝʦʣʽʪʫ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʫ ʟʦʣʴʥʦʤʫ ʨʦʟʯʠʥʽ, ʪʦʙʪʦ ʡʦʛʦ ʧʦʩʪʫʧʦʚʦʾ ʜʠʬʫʟʽʾ ʚ ʜʝʨʤʫ ʪʘ 
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ʩʧʦʚʽʣʴʥʝʥʦʾ ʜʽʾ ʥʘ ʥʝʾ. ɿ ʤʝʪʦʶ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʜʦʩʣʽʜʞʝʥʦ ʩʠʩʪʝʤʫ çʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ-

ʮʝʦʣʽʪè ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʨʦʮʝʩʫ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʚʠʪʨʘʪʠ (ʢʦʥʮʝʥʪʨʘʮʽʾ) ʷʢ ʩʘʤʦʛʦ ʚʘʧʥʘ, ʪʘʢ ʽ ʮʝʦʣʽʪʫ.  

ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʟ ʨʦʟʯʠʥʘʤʠ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ  5,0, 10,0 ʪʘ 15,0 ʛ/ʣ, ʜʦ 

ʷʢʠʭ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥʠ ʮʝʦʣʽʪʫ ʨʽʟʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʡ (0,5; 1,5; 2,5; 3,5 ʪʘ 5,0 ʛ/ʣ). ʆʜʝʨʞʘʥʽ ʩʠʩʪʝʤʠ 

ʚʽʜʩʪʦʶʚʘʣʠ ʥʝ ʤʝʥʰʝ 48 ʛʦʜ, ʧʦʩʪʽʡʥʦ ʢʦʥʪʨʦʣʶʶʯʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʘʧʥʘ: ʯʝʨʝʟ 1,0; 2,0; 4,0; 6,0; 12,0; 24,0; 

30,0; 36,0; 48 ʛʦʜ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 6,0 ʛʦʜ ʚʽʜʩʪʦʶʚʘʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʾʾ ʧʽʜʚʠʱʝʥʥʷʤ ʫ ʥʘʧʨʷʤʢʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ (ʨʠʩ. 1). ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ ʮʝʦʣʽʪ ʩʧʦʯʘʪʢʫ ʩʦʨʙʫʻ ʛʽʜʨʦʢʩʠʜ 

ʢʘʣʴʮʽʶ ʫ ʚʠʛʣʷʜʽ ʽʦʥʽʚ ʉʘ2+ ʪʘ ʆʅ-, ʘ ʧʦʪʽʤ, ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ ʚʽʜʜʘʻ ʾʭ ʥʘʟʘʜ ʫ ʨʦʟʯʠʥ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʧʦʛʣʠʥʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʜʥʦʤʫ ʯʘʩʦʚʦʤʫ ʽʥʪʝʨʚʘʣʽ (ʚʽʜ 6 ʜʦ 24 ʛʦʜ) ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʘʙʦ ʮʝʦʣʽʪʫ. ʇʨʦʪʝ, ʭʘʨʘʢʪʝʨ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʽʦʥʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ. ʊʘʢ, ʫ ʨʦʟʯʠʥʘʭ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 5,0 ʛ/ʣ 

ʥʘʡʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʚʘʧʥʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʦʣʽʪʫ 1,5 ʛ/ʣ; ʥʘʡʙʽʣʴʰʠʡ 

ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ ï ʫ ʨʘʟʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʦʣʽʪʫ 3,5 ʛ/ʣ, ʘ ʜʝʩʦʨʙʮʽʾ ï 5,0 ʛ/ʣ. ʋ ʨʦʟʯʠʥʘʭ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10,0 ʛ/ʣ ʥʘʡʤʝʥʰʠʡ ʩʪʫʧʽʥʴ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʚʘʧʥʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʦʣʽʪʫ 0,5 ʛ/ʣ, 

ʥʘʡʙʽʣʴʰʠʡ  ʧʨʠ 5,0 ʛ/ʣ. ʋ ʨʦʟʯʠʥʘʭ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 15,0 ʛ/ʣ ʥʘʡʤʝʥʰʠʡ ʩʪʫʧʽʥʴ 

ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʚʘʧʥʘ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʦʣʽʪʫ 5,0 ʛ/ʣ, ʥʘʡʙʽʣʴʰʠʡ  ʧʨʠ 1,5 ʛ/ʣ. 

 
ʈʠʩ. 1. ʂʽʥʝʪʠʢʘ ʩʦʨʙʮʽʾ-ʜʝʩʦʨʙʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʪʨʘʪʠ (ʢʦʥʮʝʥʪʨʘʮʽʾ) ʮʝʦʣʽʪʫ 

 

ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʚʠʢʦʨʠʩʪʘʣʠ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʮʝʩʫ ʙʝʟʩʫʣʴʬʽʜʥʦʛʦ ʟʦʣʽʥʥʷ-

ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʷʢʦʛʦ ʤʽʥʝʨʘʣʴʥʫ ʩʠʩʪʝʤʫ çʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ-ʮʝʦʣʽʪè ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʩʪʦʶʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʜʦʙʠ. ʗʢ ʽ ʫ ʧʦʧʝʨʝʜʥʽʡ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ, ʧʨʦʮʝʩ ʚʽʜʤʦʯʫʚʘʥʥʷ 

ʚʠʢʦʥʫʚʘʣʠ  ʦʜʥʘʢʦʚʦ ʜʣʷ ʚʩʽʭ ʛʨʫʧ  ʫ ʯʠʩʪʽʡ ʚʦʜʽ, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʭ ʨʝʘʛʝʥʪʽʚ. 
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ʊʘʙʣʠʮʷ 3 

ʋʤʦʚʠ ʧʨʦʮʝʩʫ ʟʦʣʽʥʥʷ (ʮʝʦʣʽʪ + ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ) 

ɻʨʫʧʘ 

ɺʠʜ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ, 

 ʛ/ʣ ɻʨʫʧʘ 

ɺʠʜ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʘʪʝʨʽʘʣʽʚ,  

ʛ/ʣ 

ʉʘ(ʆʅ)2 ʮʝʦʣʽʪ Na2S ʉʘ(ʆʅ)2 ʮʝʦʣʽʪ Na2S 

1 

10,0 

2,5  7 
30,0 

2,5  

2 5,0  8 5,0  

3 10,0  9  10,0  

4 

20,0 

2,5  10 

40,0 

2,5  

5 5,0  11 5,0  

6 10,0  12 10,0  

1ʢ 10,0   13ʢ 15,0  9,0 
 

ɺʘʨʽʘʥʪʠ ʦʙʨʦʙʣʝʥʥʷ ʦʢʨʝʤʠʭ ʛʨʫʧ  ʚʽʜʨʽʟʥʷʣʠʩʴ ʚʠʜʦʤ ʪʘ ʚʠʪʨʘʪʦʶ (ʢʦʥʮʝʥʪʨʘʮʽʻʶ) ʨʝʘʛʝʥʪʽʚ ʧʽʜ ʯʘʩ 

ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ: ʪʘʢ, ʫ ʜʦʩʣʽʜʥʠʭ ʛʨʫʧʘʭ ʟʘʩʪʦʩʫʚʘʣʠ ʚʘʧʥʦ ʫ ʢʽʣʴʢʦʩʪʽ 10,0; 20,0; 30,0; 40,0 ʛ/ʣ ʚ 

ʧʨʠʩʫʪʥʦʩʪʽ 2,5; 5,0 ʪʘ 10 ʛ/ʣ ʮʝʦʣʽʪʫ; ʢʦʥʪʨʦʣʴʥʫ ʛʨʫʧʫ 1ʢ ʦʙʨʦʙʣʷʣʠ ʣʠʰʝ ʦʜʥʠʤ ʛʽʜʨʦʢʩʠʜʦʤ ʢʘʣʴʮʽʶ ʧʨʠ 

ʚʠʪʨʘʪʽ 10,0 ʛ/ʣ; ʢʦʥʪʨʦʣʴʥʫ ʛʨʫʧ 13 ʢ  ʟʘ ʚʽʜʦʤʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʩʫʣʴʬʽʜʥʦ-ʚʘʧʥʷʥʦʛʦ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ 15,0 ʛ/ʣ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʪʘ 9,0 ʛ/ʣ ʩʫʣʴʬʽʜʫ ʥʘʪʨʽʶ. ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʣʝʥʥʷ ʦʜʥʘʢʦʚʘ 

ʫ ʚʩʽʭ ʛʨʫʧʘʭ  18 ʛʦʜ. 

ʇʽʩʣʷ ʚʽʜʤʦʯʫʚʘʥʥʷ ʚʤʽʩʪ ʚʦʣʦʛʠ ʫ ʰʢʫʨʽ ʩʪʘʥʦʚʠʚ 74,2 %; ʪʝʤʧʝʨʘʪʫʨʘ ʟʚʘʨʶʚʘʥʥʷ ʙʫʣʘ ʥʘ ʨʽʚʥʽ 64,0 

Áʉ. ʇʨʦʮʝʩ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʧʨʦʭʦʜʠʚ ʙʝʟ ʚʽʜʭʠʣʝʥʴ ʷʢ ʫ ʜʦʩʣʽʜʥʠʭ, ʪʘʢ ʽ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʛʨʫʧʘʭ. 

ʇʨʦʚʝʜʝʥʥʷ ʙʝʟʩʫʣʴʬʽʜʥʦʛʦ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʫ ʢʽʣʴʢʦʩʪʽ 

10,0-20,0 ʛ/ʣ ʟʘ ʙʫʜʴ-ʷʢʦʾ ʚʠʪʨʘʪʠ ʮʝʦʣʽʪʫ (ʜʦʩʣʽʜʥʽ ʛʨʫʧʠ 1-6) ʧʦʢʨʘʱʫʻ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʟʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ 

3,5-13,0 % ʘʙʩ. ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʦʚʘʧʥʷʥʠʤ (ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 1ʢ) ʪʘ ʥʘ 1,2-10,7 % ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʣʴʬʽʜʥʦ-

ʚʘʧʥʷʥʠʤ ʟʦʣʽʥʥʷʤ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷʤ (ʢʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 13ʢ). ʅʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ (ʉɺ  =  66,0 %) 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 10,0 ʛ/ʣ ʚʘʧʥʘ ʪʘ 5,0-10,0 ʛ/ʣ ʮʝʦʣʽʪʫ (ʜʦʩʣʽʜʥʽ ʛʨʫʧʠ 2 ʪʘ 3) (ʪʘʙʣ. 4).  

 

ʊʘʙʣʠʮʷ 4 

ʈʝʟʫʣʴʪʘʪʠ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ (ʮʝʦʣʽʪ + ʛʽʜʨʦʢʩʠʜ ʢʘʣʴʮʽʶ)  

ɻʨʫʧʘ 

ɺʠʪʨʘʪʘ, 

ʛ/ʣ 

ʉʘ(ʆʅ)2 ʫ 

ʚʽʜʧʨʘʮʴʦʚʘ-

ʥʦʤʫ ʨ-ʥ ̔

ɻʦʣʠʥʘ 

ʄʘʩ. ʯʘʩʪʢʘ, % 

ʊʟʚ, 
ɞʉ 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʘ ʦʮʽʥʢʘ 

ʉ
ʘ
(
ʆ
ʅ
)

2
 

ʮ
ʝ
ʦ
ʣ
ʽ
ʪ

 

ʉ
,
 
ʛ
/
ʣ

 

ʉ
ɺ
,
 
%

 

ʚ
ʦ
ʣ
ʦ
ʛ
ʘ

 

ʤ
ʽ
ʥ
ʝ
ʨ
ʘ
ʣ
ʴ
ʥ
ʽ

 

ʨ
ʝ
ʯ
ʦ
ʚ
ʠ
ʥ
ʠ

 

ʩ
ʢ
ʣ
ʦ
ʧ
ʦ
ʜ
ʽ
ʙ
ʥ
ʠ
ʡ
 

ʧ
ʝ
ʨ
ʝ
ʨ
ʽ
ʟ

 

ʙ
ʫ
ʙ
ʥ
ʷ
ʚ
ʘ

 

ʧ
ʽ
ʜ
ʩ
ʽ
ʜ

 

ʟ
ʥ
ʽ
ʤ
ʘ
ʥ
ʥ
ʷ

 

ʚ
ʦ
ʣ
ʦ
ʩ
ʫ

 
1ʢ 10,0 0,0 4,7 53,0 80,5 6,2 57,0 +++ +++ + ++ 

1 

10,0 

2,5 4,5 57,0 80,2 8,7 57,0 +++ +++  ++ 

2 5,0 3,4 66,0 80,9 8,9 56,5 +++ +++  ++ 

3 10,0 3,4 66,0 80,7 9,3 56,0 +++ +++  ++ 

4 

20,0 

2,5 8,4 58,0 81,5 9,7 58,0 +++ ++  ++ 

5 5,0 8,4 58,0 80,5 10,1 55,0 +++ +++  ++ 

6 10,0 8,7 56,5 81,6 9,6 56,0 +++ ++ + + 

7 

30,0 

2,5 14,5 51,7 81,1 9,8 58,0 +++ +++  ++ 

8 5,0 15,2 49,3 82,9 10,3 55,0 +++ ++  +++ 

9 10,0 16,8 44,0 82,8 11,0 56,0 +++ ++ + + 

10 

40,0 

2,5 17,1 57,3 81,7 12,0 56,0 +++ +++  ++ 

11 5,0 18,7 53,3 80,7 13,0 57,0 +++ +++  ++ 

12 10,0 19,6 51,0 81,7 15,0 56,5 +++ ++  + 

13ʢ* 15,0 Na2S 6,7 55,3 82,6 10,3 55,0 +++ +++  ʨʦʟʯʠʥ. 
ʇʨʠʤʽʪʢʘ: * ʢʦʥʮʝʥʪʨʘʮʽʷ Na2S ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʨʦʟʯʠʥʽ 3,5 ʛ/ʣ; ʚʽʜʧʨʘʮʶʚʘʥʥʷ  61,1 %; ** +++ ʜʫʞʝ ʜʦʙʨʝ; ++ ʜʦʙʨʝ; 

+ ʧʦʛʘʥʦ;  ʚʽʜʩʫʪʥʻ; ʉ ï ʢʦʥʮʝʥʪʨʘʮʽʷ; ʉɺ ï ʩʪʫʧʽʥʴ ʚʽʜʧʨʘʮʶʚʘʥʥʷ; ʊʟʚ ï ʪʝʤʧʝʨʘʪʫʨʘ ʟʚʘʨʶʚʘʥʥʷ. 

 

ʇʽʜʚʠʱʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʜʦ 30,0-40,0 ʛ/ʣ ʚ ʮʽʣʦʤʫ ʥʝʛʘʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʚʽʜʧʨʘʮʶʚʘʥʥʽ ʟʦʣʴʥʦʛʦ ʨʦʟʯʠʥʫ: ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʜʦ 9-11 % ʘʙʩ. 

ʋʤʦʚʠ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʥʝ ʧʦʟʥʘʯʠʣʠʩʷ ʩʫʪʪʻʚʦ ʥʘ ʚʤʽʩʪʽ ʚʦʣʦʛʠ ʫ ʛʦʣʠʥʽ ʪʘ ʾʾ ʪʝʤʧʝʨʘʪʫʨʽ 

ʟʚʘʨʶʚʘʥʥʷ, ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʨʽʚʥʽ 80-83 % ʪʘ 55-58 Áʉ ʚʽʜʧʦʚʽʜʥʦ. ɹʽʣʴʰ ʚʘʛʦʤʠʤ ʮʝʡ ʚʧʣʠʚ ʙʫʚ ʩʪʦʩʦʚʥʦ 

ʚʤʽʩʪʫ ʟʦʣʠ ʫ ʛʦʣʠʥʽ, ʷʢʠʡ ʧʽʜʚʠʱʫʚʘʚʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ ʥʘ 5,0-20,0 % ʚʽʜʥ. 

(ʪʘʙʣ. 4).   
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ʇʽʩʣʷ ʟʦʣʽʥʥʷ-ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʰʢʽʨʷʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ (ʛʦʣʠʥʫ) ʦʮʽʥʶʚʘʣʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦ: ʟʘ 

ʥʘʷʚʥʽʩʪʶ ʩʢʣʦʧʦʜʽʙʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʙʫʙʥʷʚʠ, ʧʽʜʩʽʜʫ ʪʘ ʣʝʛʢʦʩʪʽ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʩʫ ʟ ʧʦʚʝʨʭʥʽ ʰʢʫʨʠ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ (ʪʘʙʣ. 4), ʱʦ ʛʽʜʨʦʣʽʟ ʢʝʨʘʪʠʥʫ ʤʘʚ ʤʽʩʮʝ ʣʠʰʝ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ 13ʢ, ʚ ʽʥʰʠʭ 

ʛʨʫʧʘʭ ʚʦʣʦʩ ʚʠʜʘʣʷʣʠ ʤʝʭʘʥʽʯʥʦ (ʚʨʫʯʥʫ). ʇʨʠ ʮʴʦʤʫ ʚʦʣʦʩ ʟʥʽʤʘʚʩʷ ʛʽʨʰʝ ï ʪʨʝʙʘ ʙʫʣʦ ʧʨʠʢʣʘʜʘʪʠ ʙʽʣʴʰʝ 

ʟʫʩʠʣʴ ʜʣʷ ʡʦʛʦ ʚʠʜʘʣʝʥʥʷ  ʫ ʨʘʟʽ ʚʠʩʦʢʦʾ (10,0 ʛ/ʣ) ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʝʦʣʽʪʫ ʜʣʷ ʚʩʽʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʛʽʜʨʦʢʩʠʜʫ 

ʢʘʣʴʮʽʶ, ʢʨʽʤ 10,0 ʛ/ʣ. 

ʇʨʦʚʝʜʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʧʝʨʛʘʤʝʥʪʫ ʚʠʷʚʠʣʦ ʧʦʢʨʘʱʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʪʷʛʫ ʪʘ ʚʠʭʦʜʫ ʧʦ ʪʦʚʱʠʥʽ ʚ ʜʦʩʣʽʜʥʠʭ ʛʨʫʧʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʥʘ 

10,2 ʪʘ 0,5 % ʚʽʜʧʦʚʽʜʥʦ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʘʥʦʾ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʙʝʟʩʫʣʴʬʽʜʥʦʛʦ ʟʦʣʽʥʥʷ-

ʟʥʝʚʦʣʦʰʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʧʝʨʛʘʤʝʥʪʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʢʩʠʜʫ ʢʘʣʴʮʽʶ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʤʽʥʝʨʘʣʫ 

ʮʝʦʣʽʪʫ ʙʝʟ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʛʦʣʠʥʠ, ʘʣʝ ʟ ʢʨʘʱʠʤ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʚʠʪʨʘʪʽ 

(ʢʦʥʮʝʥʪʨʘʮʽʾ) ʚʘʧʥʘ ʥʝ ʙʽʣʴʰʝ 20,0 ʛ/ʣ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʛʦʣʠʥʠ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʘʧʥʘ 20,0 ʛ/ʣ ʙʽʣʴʰ ʜʦʮʽʣʴʥʘ ʚʠʪʨʘʪʘ ʮʝʦʣʽʪʫ ʚ ʤʝʞʘʭ 2,5-5,0 ʛ/ʣ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʤʽʮʥʫ, 

ʥʘʧʦʚʥʝʥʫ ʰʢʽʨʫ ʧʨʠ ʟʤʝʥʰʝʥʽʡ ʚʠʪʨʘʪʽ (ʘʙʦ ʥʘʚʽʪʴ ʧʨʠ ʧʦʚʥʦʤʫ ʚʠʢʣʶʯʝʥʥʽ) ʝʢʦʣʦʛʽʯʥʦ ʰʢʽʜʣʠʚʠʭ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ.  
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ʇʆʉʊɯʁʅʆɻʆ ʉʊʈʋʄʋ ɿ ɹɽɿʆɹʄʆʊʂʆɺʀʄ ʈʆʊʆʈʆʄ 
 
˒̘̌̆̋̓̑̉̎́ ̙̍́̉̎́  ̨̐̏̒̓̊̎̏̄̏ ̒̓̑̔̍̔ ̈ ̂̆̈̏̂̍̏̓̋̏̃̉̍ ̑̏̓̏̑̏̍ ɉ˙˜˞ˎ˝Ɋ ̘̈̎́̎̏ ̨̨̠̤̝̠̃̅̑̈̎̓̒ ̨̃̅ 

̘̩̋̌́̒̉̎̏ ̙̍́̉̎̉  ̨̐̏̒̓̊̎̏̄̏ ̒̓̑̔̍̔ȟ ̩̩ ̨̍́̄̎̓̎́ ̒̉̒̓̆̍́ ̎̆ ̤̍́ ̨̝̒̐̌̎̏̄̏ ̠̑̍́ ̨ ̤̝̠̒̋̌́̅́̓̒ ̈ ̠̑̅̔ ̨̍́̄̎̓̎̏-
̎̆̈̃΄̠̖̈́̎̉ ̨̗̈̔̂̃  ̓́ ̨̐́̈̃ȟ  ̨̖̃̅̋̑̉̓̉ ̈ ̖̏̂̏ ̨̂̏̋̃Ȣ ˚̨̠̝́̃̎̒̓ ̨̐́̈̃ȟ ̔ ̠̖̋̉ ̨̤̃̅̒̔̓̎ ̅̎̏ȟ ̟̤̒̓̃̏̑ ̠̑̅ ̨̠̖̐̏̃̓̑̎̉ 
̨̨̐̑̏̍̇̋̃ȟ ̏̚ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̠̈̎̉̇̆̎̎ ̨̩̍́̄̎̓̎̏ ̨̨̐̑̏̃̅̎̏̒̓ ̨̍́̄̎̓̏̐̑̏̃̏̅̔ ̃ ̘̐̏̐̆̑̆̎̏̍̔ ̠̎́̐̑̍̋̔ȟ ́ ̗̆ȟ ̔ 
̟̒̃̏ ̘̆̑̄̔ȟ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̠̐̏̒̌́̂̌̆̎̎ ̠̐̏̌ ̨̗̩̑̆́̋ ̠̠̋̏̑ ˡ̠̑ ̨ ̨̃̅̍̏̃̉ ̨̃̅ ̖̅̏̅́̓̋̏̃̉ ̨̟̐̏̌̒̃ ̓́ ̨̗̩̋̏̍̐̆̎̒́̊̎̏ 
̏̂̍̏̓̋̉Ȣ ˛̓̇̆ȟ ̘̃̆̌̉̉̎̔ ̘̑̏̂̏̏̄̏ ̨̠̐̏̃̓̑̎̏̄̏ ̨̐̑̏̍̇̋̔ ̍̏̇̎́ ̙̈̍̆̎̉̓̉ ̅̏ ̨̨̝̍̎̍́̌̎̏ ̩̍̏̇̌̉̃̏ ̘̃̆̌̉̉̎̉ ̈ 
̨̖̘̩̓̆̎̏̌̏̄̎̏ ̘̓̏̋̉ ̈̏̑̔Ȣ  

˔ ̠̏̄̌̅̔ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̖̒̆̍ ˙˜˞ˎ˝ ̝̎́̌̆̇̉̓ ̅̏ ̓̉̐̔ ̨̖̎̅̔̋̓̏̑̎̉ ̙̍́̉̎ ̈ ̅̃̏̍́ ̖̎̆̑̔̏̍̉̍̉ 
̏̂̍̏̓̋́̍̉ ̎́ ̨̒̓́̓̏̑ ̨ ̘̈̔̂́̒̓̉̍ ̨̍́̄̎̓̏̐̑̏̃̏̅̏̍ ̑̏̓̏̑́ȟ ̔ ̠̖̋̉ ̨̍́̄̎̓̎́ ̨̨̗̠̎̅̔̋ ̃ ̘̑̏̂̏̏̍̔ ̨̠̐̏̃̓̑̎̏̍̔ 
̨̐̑̏̍̇̋̔ ̨̟̤̝̠̈̍̎̓̒ ̨̝̓̌̋̉ ̈́ ̘̟̃̆̌̉̉̎̏ ̂̆̈ ̨̈̍̎̉ ̈̎́̋́Ȣ ˟̏̍̔ ̑̏̓̏̑  ̔ ˙˜˞ˎ˝ ̎̆ ̨̘̤̝̠̐̆̑̆̍́̄̎̔̓̒ ̨ 
̠̤̝̠̃̉̄̏̓̏̃̌̓̒ ̨̈ ̘̩̈̃̉́̊̎̏ ̨̗̩̋̏̎̒̓̑̔̋̊̎̏ ̨̒̓́̌Ȣ ˴̎̅̔̋̓̏̑̎̉̊ ̓̉̐ ̨̩̍́̄̎̓̎̏ ̒̉̒̓̆̍̉ ̠̤̅̏̈̃̏̌ ̍́̓̉ ̃ ˙˜˞ˎ˝ 
̨̝̓̌̋̉ ̏̅̎̔ȟ ̝̈́̄́̌̎̔ ̠̅̌ ̨̖̃̒ ̨̟̐̏̌̒̃ȟ ̏̂̍̏̓̋̔ ̠̈̂̔̅̇̆̎̎ ̓́ ̑̏̓̏̑ȟ ̅̔̇̆ ̖̒̏̇̉̊ ̎́ ̑̏̓̏̑ ̟̖̂́̄́̓̏̐̏̌̒̎̉ 
̖̖̒̉̎̑̏̎̎̉ ̙̍́̉̎ ̈ ̨̐̏̒̓̊̎̉̍̉ ̨̎̋̏̑̐̏̑̏̃́̎̉̍̉ ̨̍́̄̎̓́̍̉Ȣ ˜̑̉ ̗̝̏̍̔ ̔ ˙˜˞ˎ˝ ̨̨̃̅̒̔̓̎ ̨̨̐̏̒̓̊̎ ̨̍́̄̎̓̉ȟ ̏̚ 
̠̤̅̏̈̃̏̌ ̘̈̎́̎̏ ̈̎̉̈̉̓̉ ̨̝̃́̑̓̒̓ ̘̩̆̌̆̋̓̑̉̎̏ ̙̍́̉̎̉Ȣ 

˔̨́̍̎́ ̠̖̐̑̍̉ ̨̗̈̔̂̃ ̎́ ˟-̨̨̐̏̅̂̎ ̠̤̅̏̈̃̏̌ ̤̒̔̓̓̃̏ ̨̐̅̃̉̉̓̉̚ ̨̝̆̆̋̓̉̃̎̒̓̕ ̨̗̩̋̏̎̒̓̑̔̋ ˙˜˞ˎ˝ ̈́ 
̖̑́̔̎̏̋ ̨̙̠̐̏̌̐̆̎̎  ̩̩ ̨̠̓̆̐̌̏̃̅̃̆̅̆̎̎Ȣ ˜̨̑̆̅̒̓́̃̌̆̎ ̔ ̨̒̓́̓̓ ̝̑̆̈̔̌̓́̓̉ ̨̖̑̏̈̑́̔̎̋̃ ̨ ̟̠̍̏̅̆̌̃́̎̎ 
̨̗̒̓́̏̎́̑̎̏̄̏ ̓̆̐̌̏̃̏̄̏ ̠̐̏̌ ̟̝̐̏̋́̈̔̓ȟ ̏̚ ̠̈́̒̓̏̒̔̃́̎̎ ˟-̨̖̐̏̅̂̎̉ ̨̗̈̔̂̃ ̠̤̅̏̈̃̏̌ ̨̒̓̏̓̎̏ ̨̐̅̃̉̉̓̉̚ 
̝̐̆̑̆̃́̎̓́̇̔̃́̌̎̔ ̨̝̈̅́̓̎̒̓ ˙˜˞ˎ˝ ́̂̏ ̨̝̙̈̂̌̉̓̉ ̩̩ ̨̝̐̏̓̔̇̎̒̓Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̓̆̐̌̏̃̆ ̐̏̌̆ȟ ̙̍́̉̎́ ̨̐̏̒̓̊̎̏̄̏ ̒̓̑̔̍̔ȟ ̍́̒́ȟ ̨̨̗̤̋̏̆̎̓̕ ̩̋̏̑̉̒̎̏ ̨̩̅ 
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USE OF T-SHAPED TOOTH IN A DIRECT CURRENT MACHINE WITH A WINDLESS R OTOR 
 

The electric direct current machine with a windingless rotor (DCWR) is significantly different from the classic direct current 
machine; its magnetic system does not have a common yoke and consists of a number of magnetically loose teeth and grooves open on both 
sides. The presence of grooves in which there is no bottom creates a number of air gaps, which leads to a decrease in the magnetic 
conductivity of the magnetic conductor in the transverse directÉÏÎȟ ×ÈÉÃÈȟ ÁÇÁÉÎȟ ÌÅÁÄÓ ÔÏ Á ×ÅÁËÅÎÉÎÇ ÏÆ ÔÈÅ ÒÅÁÃÔÉÏÎ ÆÉÅÌÄ ÏÆ ÔÈÅ ˡa 
armature and the rejection of additional poles and compensation winding. Therefore, the size of the working air gap can be reduced to the 
minimum possible value from a technological point of view.  

According to the structural schemes, the DCWR belongs to the type of induction machines with two stationary windings on the 
stator and a toothed magnetic conductor of the rotor, in which the magnetic induction in the working air gap changes only in magnitude 
without changing the sign. Therefore, the rotor in the DCWR is not remagnetized and is made of ordinary structural steel. The inductor type 
of the magnetic system allows having only one, common for all poles, excitation winding in the DCWR, and the rotor is very similar to the 
rotor of multi-pole synchronous machines with permanent incorporated magnets. At the same time, DCWR does not have permanent 
magnets, which allows to significantly reduce the cost of an electric machine. Replacing straight teeth with T-shaped ones allows you to 
significantly increase the efficiency of the DCWR design by improving its heat dissipation. The results of calculations and modeling of the 
stationary thermal field presented in the article show that the use of T-shaped teeth allows you to significantly increase the overload 
capacity of the DCWR or increase its power. 

Keywords:  thermal field, direct-current motor, mass, efficiency 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʂʦʥʩʪʨʫʢʮʽʷ ʥʠʟʴʢʦʦʙʝʨʪʦʚʦʾ ʤʘʰʠʥʠ  ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʙʝʟʦʙʤʦʪʢʦʚʠʤ ʨʦʪʦʨʦʤ ʽ ʧʨʷʤʠʤʠ 

ʟʫʙʮʷʤʠ (ʄʇʉɹʈ), ʤʘʶʯʠ ʨʷʜ ʧʝʨʝʚʘʛ, ʤʘʻ ʦʜʠʥ ʽʩʪʦʪʥʠʡ ʥʝʜʦʣʽʢ, ʘ ʩʘʤʝ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ. 

ʊʦʤʫ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʫ ʮʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʤʘʩʠ ʪʘ ʛʘʙʘʨʠʪʽʚ. 

ʇʦʣʽʧʰʝʥʥʷ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʜʦʟʚʦʣʷʻ ʘʙʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʛʘʙʘʨʠʪʠ 

ʄʇʉɹʈ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʟʘʜʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘʙʦ ʟʙʽʣʴʰʠʪʠ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʝʨʚʠӢʥʥʠʭ ʛʘʙʘʨʠʪʽʚ.  

ɺʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʙʝʟʨʝʜʫʢʪʦʨʥʠʭ ʥʠʟʴʢʦʦʙʝʨʪʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, ʱʦ ʟʥʘʯʥʦ ʧʦʩʪʫʧʘʶʪʴʩʷ ʟʘ ʤʘʩʦʶ ʪʘ ʛʘʙʘʨʠʪʘʤʠ ʚʠʩʦʢʦʦʙʝʨʪʦʚʠʤ ʝʣʝʢʪʨʠʯʥʠʤ 

ʤʘʰʠʥʘʤ. 

 

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʂʦʥʩʪʨʫʢʮʽʷ ʄʇʉɹʈ (ʨʠʩ. 1ʘ, ʙ) ʥʝ ʤʘʻ ʩʧʽʣʴʥʦʛʦ ʷʨʤʘ ʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʷʜʫ ʤʘʛʥʽʪʥʦ-ʥʝʟʚ'ʷʟʘʥʠʭ 

ʟʫʙʮʽʚ ʐ-ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ 1, ʤʽʞ ʷʢʠʤʠ ʫʢʣʘʜʝʥʦ ʩʝʢʮʽʾ ʦʙʤʦʪʢʠ ʷʢʦʨʷ 2, ʦʙʤʦʪʦʢ ʟʙʫʜʞʝʥʥʷ 3, 

ʙʝʟʦʙʤʦʪʢʦʚʠʭ ʧʦʣʶʩʽʚ 4 ʽ ʥʝʤʘʛʥʽʪʥʠʭ ʜʠʩʢʽʚ 5 [1, 2].  

 

  
ʘ ʙ 

ʈʠʩ. 1. ʄʇʉɹʈ: ʘ ï ʧʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ; ʙ ï ʘʢʩʦʥʦʤʝʪʨʽʷ 

 

ɿʘʣʝʞʥʦ ʚʽʜ ʰʠʨʠʥʠ ʟʫʙʮʝʚʠʭ ʩʪʨʠʞʥʽʚ, ʱʦ ʟʚ'ʷʟʫʶʪʴ ʟʫʙʮʽ ʚ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʫ ʄʇʉɹʈ 

ʤʦʞʣʠʚʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʽʜʚʦʜʫ ʪʝʧʣʘ.  

1. ʄʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʟ ʚʫʟʴʢʠʤʠ ʩʪʨʠʞʥʷʤʠ 1 (ʨʠʩ. 2,ʘ) ʽ ʙʽʣʴʰʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ 2 ʤʽʞ 

ʥʠʤʠ, ʜʝ ʪʝʧʣʦʚʽʜʚʽʜ ʟ ʧʦʚʝʨʭʥʽ ʦʙʤʦʪʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʰʣʷʭʦʤ ʢʦʥʚʝʢʮʽʾ [3].  

2. ʄʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʽʟ ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ 1 (ʨʠʩ. 2,ʙ) ʽ ʤʘʣʠʤʠ ʧʦʚʽʪʨʷʥʠʤʠ ʧʨʦʤʽʞʢʘʤʠ 2 ʤʽʞ 

ʥʠʤʠ, ʜʝ ʪʝʧʣʦʚʽʜʚʽʜ ʟ ʧʦʚʝʨʭʥʽ ʦʙʤʦʪʦʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʰʣʷʭʦʤ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ [4ï6]. 

 

 
 

ʘ ʙ 

ʈʠʩ. 2. ʇʦʟʜʦʚʞʥʽ ʩʪʨʠʞʥʽ ʚ ʟʫʙʮʷʭ ʄʇʉɹʈ: ʘ ï ʮʠʣʽʥʜʨʠʯʥʠʡ; ʙ ï ʪʦʨʮʝʚʠʡ 

 

ʆʙʠʜʚʘ ʚʘʨʽʘʥʪʘ ʚʽʜʚʦʜʫ ʪʝʧʣʘ ʨʝʘʣʽʟʦʚʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ:  

1. ʄʇʉɹʈ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʠʧʫ ʟ ʚʫʟʴʢʠʤʠ ʩʪʨʠʞʥʷʤʠ, ʜʝ 68% ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʙʤʦʪʢʠ 

ʟʙʫʜʞʝʥʥʷ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

2. ʄʇʉɹʈ ʪʦʨʮʝʚʦʛʦ ʪʠʧʫ ʟ ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ, ʜʝ ʪʽʣʴʢʠ 28% ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʦʙʤʦʪʢʠ 

ʟʙʫʜʞʝʥʥʷ ʤʘʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʢʦʥʪʘʢʪ ʽʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ.  

ʆʙʠʜʚʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʡʰʣʠ ʪʝʧʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʧʦʨʽʚʥʷʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʡ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʛʨʘʤʽ ELCUT [7].   

ʇʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʚʦʭ ʢʦʥʩʪʨʫʢʮʽʡ ʄʇʉɹʈ ʧʦʢʘʟʘʚ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽʟ 

ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ. ʊʘʢ, ʨʦʟʨʘʭʫʥʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʚ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʄʇʉɹʈ ʟ ʚʫʟʴʢʠʤʠ 

ʩʪʨʠʞʥʷʤʠ Tʦ=̫102,8Áʉ, ʘ ʫ ʄʇʉɹʈ ʟ ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ Tʦ=̫86Áʉ (ʨʽʟʥʠʮʷ 17%) ʧʨʠ ʦʜʥʘʢʦʚʠʭ 
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ʟʥʘʯʝʥʥʷʭ ʦʙ'ʻʤʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ. ʊʦʤʫ ʙʽʣʴʰ ʜʦʮʽʣʴʥʦ ʨʦʙʠʪʠ ʤʘʛʥʽʪʥʫ ʩʠʩʪʝʤʫ ʽʟ ʰʠʨʦʢʠʤʠ 

ʧʦʟʜʦʚʞʥʽʤʠ ʩʪʨʠʞʥʷʤʠ. 

ʆʜʥʘʢ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʤʘʛʥʽʪʥʘ ʩʠʩʪʝʤʘ ʟ ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʧʦʩʪʫʧʘʻʪʴʩʷ ʩʠʩʪʝʤʽ ʟ 

ʚʫʟʴʢʠʤʠ. ʋ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ ʟ ʚʫʟʴʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʟʫʙʮʝʚʠʡ ʧʘʢʝʪ ʧʨʷʤʦʢʫʪʥʠʡ (ʨʠʩ. 2ʘ) ʘ ʫ ʩʠʩʪʝʤʽ ʟ 

ʰʠʨʦʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʠʡ (ʨʠʩ. 2ʙ). 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʽʙʨʘʪʠ ʧʨʷʤʦʢʫʪʥʠʡ ʧʘʢʝʪ, ʧʦʪʨʽʙʥʽ ʣʠʩʪʠ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʩʪʘʣʽ ʦʜʥʽʻʾ ʚʠʩʦʪʠ, ʘ ʚ 

ʪʨʘʧʝʮʽʻʧʦʜʽʙʥʦʤʫ ʧʘʢʝʪʽ ʚʠʩʦʪʘ ʣʠʩʪʽʚ ʙʫʜʝ ʨʽʟʥʦʶ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ 

ʧʨʦʮʝʩ ʟʙʠʨʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʽʜʭʦʜʘʤʠ ʩʪʘʣʽ, ʫ ʜʨʫʛʦʤʫ ʮʝ ʚʠʢʣʠʯʝ ʫʩʢʣʘʜʥʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʭʦʜʽʚ ʨʽʟʘʥʥʷ ʤʝʪʘʣʫ. 

ʊʦʤʫ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʨʝʪʽʡ ʚʘʨʽʘʥʪ, ʱʦ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʧʦʟʠʪʠʚʥʽ ʩʪʦʨʦʥʠ ʦʙʦʭ ʚʘʨʽʘʥʪʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʨʦʙʠʪʠ ʟʫʙʝʮʴ ʊ-ʧʦʜʽʙʥʠʤ ʽʟ ʜʚʦʭ ʧʨʷʤʦʢʫʪʥʠʭ ʟʫʙʮʝʚʠʭ ʧʘʢʝʪʽʚ ʨʽʟʥʦʾ ʰʠʨʠʥʠ (ʨʠʩ. 3). ʋ 

ʪʘʢʽʡ ʤʘʛʥʽʪʥʽʡ ʩʠʩʪʝʤʽ ʙʫʜʝ ʧʦʢʨʘʱʝʥʦ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

  
ʈʠʩ. 3. ʊ-ʧʦʜʽʙʥʽ ʟʫʙʮʽ ʈʠʩ. 4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ 

 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʊ-ʧʦʜʽʙʥʠʭ ʟʫʙʮʽʚ ʥʘ ʪʝʧʣʦʚʽʜʚʝʜʝʥʥʷ ʚ ʄʇʉɹʈ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʘʢʽ ʚʘʨʽʘʥʪʠ 

ʨʦʟʨʘʭʫʥʢʽʚ: 

- ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʛʝʥʝʨʘʪʦʨ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʙʝʟʦʙʤʦʪʢʦʚʠʤ ʨʦʪʦʨʦʤ 

ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʠʧʫ ʟ ʚʫʟʴʢʠʤʠ ʩʪʨʠʞʥʷʤʠ ʈ=1ʢɺʪ, n=600ʦʙ/ʭʚ (ʨʠʩ. 1ʘ, ʙ), (ʨʠʩ. 4), (ʨʠʩ. 5); 

- ɺʘʨʽʘʥʪ 1. ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʟ ʊ-

ʧʦʜʽʙʥʠʤʠ ʟʫʙʮʷʤʠ, ʧʨʠ ʮʴʦʤʫ ʟʙʝʨʝʞʝʥʽ ʥʝʟʤʽʥʥʠʤʠ ʛʝʦʤʝʪʨʽʷ ʪʘ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

(ʨʠʩ. 6); 

- ɺʘʨʽʘʥʪ 2. ʇʨʠ ʟʙʝʨʝʞʝʥʥʽ ʥʝʟʤʽʥʥʦ ʾ ʛʝʦʤʝʪʨʽʾ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʘ ʟʙʽʣʴʰʝʥʦ ʚʝʣʠʯʠʥʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ (ʨʠʩ. 7); 

- ɺʘʨʽʘʥʪ 3. ɿʤʥ̔ʝʥʦ ʛʝʦʤʝʪʨʽʶ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʪʘ ʡʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ 

ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮ ̔1, ʧʦʨʽʚʥʷʣʴʥʽ ʜʘʥʽ ʱʦʜʦ ʪʝʤʧʝʨʘʪʫʨ ʫ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʤʘʠhʥ  ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟ ʙʝʟʦʙʤʦʪʢʦʚʠʤ ʨʦʪʦʨʦʤ 

ʇʦʢʘʟʥʠʢ 
ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ, 

ɺʘʨʽʘʥʪ 1 
ɺʘʨʽʘʥʪ 2 ɺʘʨʽʘʥʪ 3 

ʅʦʤʽʥʘʣʴʥʘ ʧʦʪʫʞʥʽʩʪʴ  ʈʥ , ɺʪ 1093  1781     (+39%) 940 

ʅʦʤʽʥʘʣʴʥʽ ʦʙʝʨʪʠ   nʥ , ʦʙ/ʤʠʥ 600  600 600 

ɺʥʫʪʨʽʰʥʽʡ ʜʽʘʤʝʪʨ ʩʪʘʪʦʨʘ  Da , ʤʤ 140  140 120      (-14%) 

ʃʽʥʽʡʥʝ ʩʪʨʫʤʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ  ɸ, ɸ/ʩʤ 28000  44000  (+36%) 44000 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ  ʦʙʤʦʪʢʠ ʷʢʦʨʷ Jʦ,̫ ɸ/ʤʤ2 4,2   6,2       (+32%) 6,2 

ɻʫʩʪʠʥʘ ʩʪʨʫʤʫ  ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ  Jʦʟ, ɸ/ʤʤ2 3   3  3 

ɯʥʜʫʢʮʽʷ ʫ ʨʦʙʦʯʦʤʫ ʧʦʚʽʪʨʷʥʦʤʫ ʧʨʦʤʽʞʢʫ  ɺŭ, ʊʣ 0,49   0,56     (+12%) 0,56 

ʉʪʨʫʤ ʦʙʤʦʪʢʠ ʷʢʦʨʷ  I  ̫, ɸ 3,72   5,84     (+36%) 3,03 

ʉʪʨʫʤ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ Iʟ, ɸ 0,6 0,69      (+13%) 0,5       (-17%) 

ɺʪʨʘʪʠ ʦʙʤʦʪʢʠ ʷʢʦʨʷ ʈʦ,̫ ɺʪ 417 968       (+57%) 830     (+50%) 

ɺʪʨʘʪʠ ʦʙʤʦʪʢʠ ʟʙʫʜʞʝʥʥʷ ʈʦʟ, ɺʪ 104 138 72        (-31%) 

ɺʪʨʘʪʠ ʚ ʩʪʘʣʽ ʈʩʪ, ɺʪ 66 83          (+21%) 44        (-34%) 

ʇʦʚʝʨʭʥʝʚʽ ʚʪʨʘʪʠ ʈʧʦʚ, ɺʪ 3,2 4,2 2 

ʄʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʈʤ, ɺʪ 115 115 115 

ɼʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʈʜʦʜ, ɺʪ 11 18 9 

ɿʘʛʘʣʴʥʽ ʚʪʨʘʪʠ  ʈʟʘʛ, ɺʪ 716 1326 1072 

ʇʽʜʚʝʜʝʥʘ ʧʦʪʫʞʥʽʩʪʴ ʈ1, ɺʪ 1809 3107 2012 

ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ɖ, % 60 57          (-5%) 47%     (22%) 

ʄʘʩʘ ʄ, ʢʛ 55 55 41        (-26%) 
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ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʣʴʥʽ ʜʘʥʽ ʪʝʤʧʝʨʘʪʫʨʠ 

ʇʦʢʘʟʥʠʢ 
ɹʘʟʦʚʠʡ 

ʚʘʨʽʘʥʪ 
ɺʘʨʽʘʥʪ 1 ɺʘʨʽʘʥʪ 2 

ʆʙ'ʻʤʥʘ ʱʽʣʴʥʽʩʪʴ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ    

             ʦʙʤʦʪʢʘ ʟʙʫʜʞʝʥʥʷ Qʦʟ, ɺʪ/ʤ3 19806  19806  22380  

             ʦʙʤʦʪʢʘ ʷʢʦʨʷ Qʦ,̫ ɺʪ/ʤ3 291294  291294  582588  

ɸʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ    

             ʦʙʤʦʪʢʘ ʟʙʫʜʞʝʥʥʷ ʊʦʟ, Áʉ 100,5  56,4        (-44%) 76,8       (-24%) 

             ʦʙʤʦʪʢʘ ʷʢʦʨʷ ʊʦ,̫ Áʉ 102,8  67,3        (-35%) 108,7     (+6%) 

ʈʠʩʫʥʦʢ ʈʠʩ. 5 ʈʠʩ. 6 ʈʠʩ. 7 

 

   
ʈʠʩ. 5. ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʈʠʩ. 6. ɺʘʨʽʘʥʪ 1 ʈʠʩ. 7. ɺʘʨʽʘʥʪ 2 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʣʝʞʥʦ ʚʽʜ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʤʦʞʣʠʚʽ ʪʨʠ ʚʘʨʽʘʥʪʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʄʇʉɹʈ: 

ɺʘʨʽʘʥʪ 1. ʄʇʉɹʈ ʽʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʂʂɼ ʪʘ ʚʠʩʦʢʦʶ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʦ 

ʩʪʨʫʤʫ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʄʇʉɹʈ ʤʦʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʨʘʮʶʚʘʪʠ ʟ 

ʜʚʦʨʘʟʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʧʦ ʩʪʨʫʤʫ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʰʠʥ, 

ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʛʝʥʝʨʘʪʦʨʽʚ ʚʽʪʨʦʫʩʪʘʥʦʚʦʢ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʚʽʪʨʦʚʦʛʦ ʧʦʪʦʢʫ; 

ɺʘʨʽʘʥʪ 2. ʄʇʉɹʈ ʽʟ ʚʠʩʦʢʠʤ ʟʥʘʯʝʥʥʷʤ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʘ 

ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ, ʘʣʝ ʚ ʤʘʣʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ, ʦʙʫʤʦʚʣʝʥʦʤʫ ʛʘʣʫʟʝʚʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʝ 5% ʟʥʠʞʝʥʥʷ ʂʂɼ ʢʦʤʧʝʥʩʫʻʪʴʩʷ 39% ʧʨʠʨʦʩʪʫ ʧʦʪʫʞʥʦʩʪʽ; 

ɺʘʨʽʘʥʪ 3. ɼʝʰʝʚʠʡ ʄʇʉɹʈ. ʇʦʩʪʫʧʘʶʯʠʩʴ ʧʦʧʝʨʝʜʥʽʤ ʚʘʨʽʘʥʪʘʤ ʝʬʝʢʪʠʚʥʦʩʪʽ (-22% ʂʂɼ), ʮʷ 

ʢʦʥʩʪʨʫʢʮʽʷ ʣʝʛʰʝ ʙʘʟʦʚʦʾ ʥʘ 26%. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʩʽ ʥʠʟʴʢʦʦʙʝʨʪʦʚʽ ʤʘʰʠʥʠ ʤʘʶʪʴ ʟʥʘʯʥʽ ʤʘʩʠ, 

ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʤʦʞʝ ʙʫʪʠ ʮʽʢʘʚʠʡ ʫ ʨʘʟʽ, ʢʦʣʠ ʛʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ. 
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ALGORITHM OF DATA MINING AND PROCESSING   OF RELATED DATA IN SOCIAL NETWORKS  
 

We live in a time of rapid growth of information technology, which is firmly entrenched in our daily lives. It is simply impossible to 
imagine a modern person without social networks, because they perform a communicative and informational function, namely: 
communication, information retrieval, news exchange, etc. Five hundred million tweets are posted daily, making Twitter a major social 
media platform from which topical information on events can be extracted. So, there is a lot of information available to the user, which is 
difficult to identify something specific and necessary in the usual way viewing. Accordingly, there is a need for technologies that can quickly 
process large amounts of data and highlight only the information that is useful to a particular user. This technology called recommender 
systems. It automatically suggest items to users that might be interesting for them. Due to the desire to unite people with common interests, 
it is relevant to develop a recommendation system based on social networks that help in personification of the user and compilation of his 
psychotype using his profile. 

The paper has description and results of the creation of recommendation system. The basis of this work is one of the algorithms 
used in recommendation systems - the recommendation system is based on content filtering. It analyzes users' Twitter posts and calculates 
their interests. If we consider all the words, our model will not have good results and do not pay attention to what is important to use. 
Therefore, the most important step is always filtering data, so the number one task is to speed up the time of filtering text and retrieving data 
from the social network for further processing. The feature of this system is that this algorithm uses parallel calculations and frequency 
analysis of the text.  

Keywords: recommendation system, date mining, big data, nltk, tweepy. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʄʠ ʞʠʚʝʤʦ ʚ ʯʘʩ ʰʚʠʜʢʦʛʦ ʨʦʩʪʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʤʽʮʥʦ ʫʚʽʡʰʣʠ ʚ ʥʘʰʝ ʱʦʜʝʥʥʝ 

ʞʠʪʪʷ. ʉʫʯʘʩʥʫ ʣʶʜʠʥʫ ʫʷʚʠʪʠ ʙʝʟ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʦ, ʙʦ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ 

ʢʦʤʫʥʽʢʘʪʠʚʥʫ-ʽʥʬʦʨʤʘʮʽʡʥʫ ʬʫʥʢʮʽʶ, ʘ ʩʘʤʝ: ʩʧʽʣʢʫʚʘʥʥʷ, ʧʦʰʫʢ ʽʥʬʦʨʤʘʮʽʾ, ʦʙʤʽʥ ʥʦʚʠʥʘʤʠ ʽ ʪʜ. ɼʘʥʘ 

ʨʦʙʦʪʘ ʧʦʢʣʠʢʘʥʘ ʦʙôʻʜʥʘʪʠ ʣʶʜʝʡ ʟʽ ʩʧʽʣʴʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ. 

ɻʦʣʦʚʥʦʶ ʽʜʝʻʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʯʘʩ ʦʙʨʦʙʠʪʠ, ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ, ʘ ʪʘʢʦʞ 

ʚʽʜʬʽʣʴʪʨʫʚʘʪʠ ʟʘ ʦʟʥʘʢʘʤʠ ʪʘ ʘʪʨʠʙʫʪʘʤʠ ʚʝʣʠʢʠʡ ʧʦʪʽʢ ʜʦʧʠʩʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ ʫ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ. ɼʘʥʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ñʟʘʡʚʠʭ ʩʣʽʚò, ʥʘʧʨʠʢʣʘʜ: and, or, the, firstly, does [1]. ʗʢʱʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʚʩʽ 

ʩʣʦʚʘ, ʪʦ ʤʦʜʝʣʴ ʥʝ ʙʫʜʝ ʜʘʚʘʪʠ ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʥʝ ʟʚʝʨʪʘʪʠʤʝ ʫʚʘʛʫ ʥʘ ʜʽʡʩʥʦ ʚʘʞʣʠʚʽ ʚʠʨʘʟʠ. ʊʦʤʫ 

ʟʘʚʞʜʠ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʢʨʦʢʦʤ ʻ ʬʽʣʴʪʨʫʚʘʥʥʷ ʜʘʥʠʭ[2], ʦʪʞʝ ʟʘʚʜʘʥʥʷ ʥʦʤʝʨ ʦʜʠʥ - ʧʨʠʰʚʠʜʰʝʥʥʷ ʯʘʩʫ 

ʬʽʣʴʪʨʘʮʽʾ ʪʝʢʩʪʫ ʪʘ ʜʽʩʪʘʚʘʥʥʷ ʜʘʥʠʭ ʟ ʩʦʮʽʘʣʴʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʾʾ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɺ ʨʦʙʦʪʽ [3] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʩʝʙʽʯʥʠʡ ʦʛʣʷʜ ʤʝʪʦʜʽʚ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʨʫʞʙʠ ʚ LBSN ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʩʦʥʦʤʽʶ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ, ʙʫʣʦ ʚʠʩʫʥʫʪʦ ʧʨʦʧʦʟʠʮʽʶ ʧʨʦ ʧ'ʷʪʴ ʥʦʚʠʭ 

ʤʝʪʦʜʽʚ ʜʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ, ʥʘʤʘʛʘʶʯʠʩʴ ʟʥʘʡʪʠ ʙʘʣʘʥʩ ʤʽʞ ʦʧʪʠʤʽʟʘʮʽʻʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʧʦʢʨʘʱʝʥʥʷʤ ʧʝʨʝʜʙʘʯʫʚʘʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʦʥʠ ʧʨʝʜʩʪʘʚʠʣʠ ʟʘʛʘʣʴʥʫ ʧʘʥʦʨʘʤʫ ʟʘʚʜʘʥʥʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʜʨʫʞʙʠ ʚ ʦʙʣʘʩʪʽ LBSN ʽʟ  ʟʙʘʣʘʥʩʦʚʘʥʦʶ ʛʣʠʙʠʥʦʶ, ʱʦʙ ʧʦʣʝʛʰʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʨʦʟʨʦʙʢʫ ʜʦʜʘʪʢʽʚ ʫ ʨʝʘʣʴʥʦʤʫ ʩʚʽʪʽ ʱʦʜʦ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ ʧʠʪʘʥʥʷ. ʅʝʜʦʣʽʢʦʤ ʨʦʙʦʪʠ ʻ ʧʦʛʘʥʘ ʪʦʯʥʦʩʪʽ 

ʧʨʠ ʥʝʩʪʘʯʽ ʜʘʥʠʭ. 

ɺ ʨʦʙʦʪʽ [4] ʧʦʢʨʘʱʫʻʪʴʩʷ SLOMA, ʟʘʩʪʦʩʦʚʫʶʯʠ ʩʦʮʽʘʣʴʥʫ ʨʝʛʫʣʷʨʠʟʘʮʽʶ ʜʦ ʬʘʢʪʦʨʽʟʘʮʽʾ 

ʧʽʜʤʘʪʨʠʮʴ, ʧʦʟʥʘʯʝʥʫ ʷʢ SLOMA++. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʢʦʨʠʩʪʴ ʷʢ ʚʽʜ 

ʩʦʮʽʘʣʴʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʪʘʢ ʽ ʚʽʜ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʧʫʱʝʥʥʷ ʥʠʟʴʢʦʛʦ ʨʘʥʛʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʜʚʦʭ ʨʝʘʣʴʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, Yelp ʽ Douban, ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʝʨʝʚʘʛʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʦʜʝʣʝʡ ʥʘʜ LLORMA 

ʽ MF. ɸʣʝ ʥʝʜʦʣʽʢʦʤ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʪʝ, ʱʦ ʚʘʞʢʦ ʦʭʦʧʠʪʠ ʩʢʣʘʜʥʽ ʚʽʜʥʦʩʠʥʠ ʪʘ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʢʦʨʠʩʪʫʚʘʯʘʤʠ 

ʪʘ ʝʣʝʤʝʥʪʘʤʠ. 
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ɺ ʨʦʙʦʪʽ [5] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʠʡ ʤʝʪʦʜ ʩʦʮʽʘʣʴʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʘ ʩʘʤʝ Probabilistic 

Relational Matrix Factorization (PRMF), ʷʢʘ ʩʧʨʷʤʦʚʘʥʘ ʜʽʟʥʘʪʠʩʷ ʦʧʪʠʤʘʣʴʥʫ ʩʦʮʽʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ, ʱʦʙ ʧʽʜʪʚʝʨʜʠʪʠ ʪʦʯʥʽʩʪʴ ʨʝʢʦʤʝʥʜʘʮʽʡ. ʋ ʜʘʥʽʡ ʨʝʢʦʤʝʥʜʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʻ ʜʚʘ ʦʩʥʦʚʥʠʭ 

ʟʘʚʜʘʥʥʷ, ʘ ʩʘʤʝ: ʨʝʢʦʤʝʥʜʘʮʽʷ ʧʨʝʜʤʝʪʽʚ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʡʪʠʥʛʫ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ: ʰʚʠʜʢʦ ʽ ʥʘʜʽʡʥʦ ʦʙʨʦʙʠʪʠ ɺʝʣʠʢʽ ʜʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʨʫʟʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʩʧʽʣʴʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʝʢʽʣʴʢʘ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʠʭ ʙʽʙʣʽʦʪʝʢ ʽ 

ʤʝʪʦʜʠʢ. ɹʽʙʣʽʦʪʝʢʠ: multiprocessing, nltk, tweepy. ʄʝʪʦʜʠʢʠ: bag-of-words. 

Multiprocessing: 

ʎʝ ʧʘʢʝʪ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻ ʧʦʨʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ API, ʧʦʜʽʙʥʦ ʜʦ ʤʦʜʫʣʷ threading. 

ʇʘʢʝʪ multiprocessing ʧʨʦʧʦʥʫʻ ʷʢ ʣʦʢʘʣʴʥʫ, ʪʘʢ ʽ ʚʽʜʜʘʣʝʥʫ ʧʘʨʘʣʝʣʴʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʦ ʦʙʭʦʜʷʯʠ Global 

Interpreter Lock, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʽʜʧʨʦʮʝʩʠ ʟʘʤʽʩʪʴ ʧʦʪʦʢʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʜʫʣʴ ʜʦʟʚʦʣʷʻ ʧʨʦʛʨʘʤʽʩʪʫ 

ʧʦʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʽʣʴʢʘ ʧʨʦʮʝʩʦʨʽʚ ʥʘ ʧʝʚʥʽʡ ʤʘʰʠʥʽ. ɺʽʥ ʧʨʘʮʶʻ ʷʢ ʥʘ Unix, ʪʘʢ ʽ ʥʘ Windows. 

ʄʦʜʫʣʴ multiprocessing ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʷʻ API, ʷʢʽ ʥʝ ʤʘʶʪʴ ʘʥʘʣʦʛʽʚ ʫ ʤʦʜʫʣʽ threading.[2] 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʮʴʦʛʦ ʻ ʦʙ'ʻʢʪ Pool, ʷʢʠʡ ʧʨʦʧʦʥʫʻ ʟʨʫʯʥʠʡ ʟʘʩʽʙ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʾ ʟʘ 

ʢʽʣʴʢʦʤʘ ʚʭʽʜʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʨʦʟʧʦʜʽʣʷʶʯʠ ʚʭʽʜʥʽ ʜʘʥʽ ʤʽʞ ʧʨʦʮʝʩʘʤʠ (ʧʘʨʘʣʝʣʽʟʘʮʽʷ ʧʦ ʜʘʥʠʭ). 

ʅʘʩʪʫʧʥʠʡ ʧʨʠʢʣʘʜ ʜʝʤʦʥʩʪʨʫʻ ʟʘʛʘʣʴʥʫ ʧʨʘʢʪʠʢʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʡ ʚ ʤʦʜʫʣʽ, ʱʦʙ ʜʦʯʽʨʥʽ ʧʨʦʮʝʩʠ 

ʤʦʛʣʠ ʫʩʧʽʰʥʦ ʽʤʧʦʨʪʫʚʘʪʠ ʮʝʡ ʤʦʜʫʣʴ.  

NLTK: 

ʎʝ ʧʨʦʚʽʜʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʛʨʘʤ Python, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ ʣʶʜʩʴʢʫ ʤʦʚʫ. ɺʽʥ ʥʘʜʘʻ 

ʧʨʦʩʪʽ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʪʝʨʬʝʡʩʠ ʜʣʷ ʙʽʣʴʰ ʥʽʞ 50 ʤʦʚ, ʘ ʪʘʢʦʞ ʥʘʙʽʨ ʙʽʙʣʽʦʪʝʢ ʦʙʨʦʙʢʠ ʪʝʢʩʪʫ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ, ʪʦʢʝʥʽʟʘʮʽʾ, ʩʪʝʤʽʥʛʫ, ʪʝʛʫʚʘʥʥʷ, ʩʠʥʪʘʢʩʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʩʝʤʘʥʪʠʯʥʠʭ ʤʽʨʢʫʚʘʥʴ, ʦʙʛʦʨʪʢʠ 

ʜʣʷ ʙʽʙʣʽʦʪʝʢ NLP ʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʨʽʚʥʷ. ʇʨʦʝʢʪ ʪʘʢʦʞ ʤʘʻ ʭʦʨʦʰʝ ʢʦʤ'ʶʥʽʪʽ[6]. 

ɿʘʚʜʷʢʠ ʧʨʘʢʪʠʯʥʦʤʫ ʧʦʩʽʙʥʠʢʫ, ʱʦ ʧʦʷʩʥʶʻ ʦʩʥʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʦʨʷʜ ʟ ʪʝʤʘʤʠ ʟ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʣʽʥʛʚʽʩʪʠʢʠ, ʘ ʪʘʢʦʞ ʟʨʦʟʫʤʽʣʫ ʜʦʢʫʤʝʥʪʘʮʽʶ ʱʦʜʦ API, NLTK ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʣʽʥʛʚʽʩʪʽʚ, 

ʽʥʞʝʥʝʨʽʚ, ʩʪʫʜʝʥʪʽʚ, ʚʠʢʣʘʜʘʯʽʚ, ʜʦʩʣʽʜʥʠʢʽʚ ʪʘ ʚʩʽʭ ʢʦʛʦ ʮʽʢʘʚʠʪʴ ʦʙʨʦʙʢʘ ʣʶʜʩʴʢʦʾ ʤʦʚʠ. NLTK ʜʦʩʪʫʧʥʠʡ 

ʜʣʷ Windows ʪʘ Unix ʩʠʩʪʝʤ.[7] 

Tweepy: 

ʎʝ ʧʘʢʝʪ Python ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʷʢʠʡ ʜʘʻ ʜʫʞʝ ʟʨʫʯʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ API Twitter. 

Tweepy ʚʢʣʶʯʘʻ ʥʘʙʽʨ ʢʣʘʩʽʚ ʽ ʤʝʪʦʜʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʤʦʜʝʣʽ Twitter ʪʘ ʝʥʜʧʦʽʥʪʠ API, ʚʽʥ ʧʨʦʟʦʨʦ 

ʦʙʨʦʙʣʷʻ ʨʽʟʥʽ ʜʝʪʘʣʽ ʨʝʘʣʽʟʘʮʽʾ, ʪʘʢʽ ʷʢ: 

- ʂʦʜʫʚʘʥʥʷ ʪʘ ʜʝʢʦʜʫʚʘʥʥʷ ʜʘʥʠʭ 

- HTTP-ʟʘʧʠʪʠ 

- ʇʘʛʽʥʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ 

- OAuth 

- ʆʙʤʝʞʝʥʥʷ ʟʘʧʠʪʽʚ 

- ʇʦʪʦʢʠ 

ʗʢʙʠ ʤʠ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ Tweepy, ʪʦ ʥʘʤ ʜʦʚʝʣʦʩʴ ʙ ʤʘʪʠ ʩʧʨʘʚʫ ʟ ʜʝʪʘʣʷʤʠ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ, 

ʧʦʚôʷʟʘʥʠʤʠ ʽʟ ʟʘʧʠʪʘʤʠ HTTP, ʩʝʨʽʘʣʽʟʘʮʽʻʶ ʜʘʥʠʭ, ʘʚʪʝʥʪʠʬʽʢʘʮʽʻʶ ʪʘ ʦʙʤʝʞʝʥʥʷʤʠ ʰʚʠʜʢʦʩʪʽ. ʎʝ ʤʦʞʝ 

ʟʘʡʥʷʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʩʧʨʠʯʠʥʠʪʠ ʧʦʤʠʣʢʠ. ʅʘʪʦʤʽʩʪʴ ʟʘʚʜʷʢʠ Tweepy ʤʠ ʟʦʩʝʨʝʜʠʣʠʩʴ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʷʭ, ʷʢʽ ʭʦʪʽʣʠ ʽʤʧʣʝʤʝʥʪʫʚʘʪʠ. ʄʘʡʞʝ ʚʩʶ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʷʢʫ ʥʘʜʘʻ Twitter API, ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʝʨʝʟ Tweepy. 

Bag-of-words: 

ʄʦʜʝʣʴ "ʪʦʨʙʘ ʩʣʽʚ" - ʮʝ ʫʷʚʣʝʥʥʷ, ʷʢʝ ʧʝʨʝʪʚʦʨʶʻ ʜʦʚʽʣʴʥʠʡ ʪʝʢʩʪ ʫ ʚʝʢʪʦʨʠ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ, 

ʧʽʜʨʘʭʦʚʫʶʯʠ, ʩʢʽʣʴʢʠ ʨʘʟʽʚ ʟôʷʚʣʷʻʪʴʩʷ ʢʦʞʥʝ ʩʣʦʚʦ. ʎʝʡ ʧʨʦʮʝʩ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʚʝʢʪʦʨʠʟʘʮʽʻʶ, ʪʦʙʪʦ 

ʧʨʦʚʦʜʠʪʴʩʷ  ʚʽʜʩʪʝʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʣʽʚ ʽ ʽʛʥʦʨʫʚʘʥʥʷ ʛʨʘʤʘʪʠʯʥʠʭ ʜʝʪʘʣʝʡ ʪʘ ʧʦʨʷʜʦʢ ʩʣʽʚ.[8] ʁʦʛʦ 

ʥʘʟʠʚʘʶʪʴ çʤʽʰʢʦʤè ʩʣʽʚ, ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʨʷʜʦʢ ʯʠ ʩʪʨʫʢʪʫʨʫ ʩʣʽʚ ʫ ʜʦʢʫʤʝʥʪʽ 

ʚʽʜʢʠʜʘʻʪʴʩʷ. 

ɯʜʝ̫ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ 

ʄʠ ʚʠʟʥʘʯʘʻʤʦ ʧʝʚʥʠʡ ʥʘʙʽʨ ʢʦʨʠʩʪʫʚʘʯʽʚ Twitter. ʇʽʩʣʷ ʮʴʦʛʦ ʧʨʦʛʨʘʤʘ ʧʘʨʘʣʝʣʴʥʦ ʦʙʨʦʙʣʷʻ ʾʭ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʠ ʜʽʩʪʘʻʤʦ ʫʩʽ ʡʦʛʦ ʜʦʧʠʩʠ (ʪʚʽʪʠ). ʇʽʟʥʽʰʝ ʦʙ'ʻʜʥʫʻʤʦ ʮʝ 

ʚʩʝ ʚ ʦʜʠʥ ʚʝʣʠʢʠʡ ʪʝʢʩʪ. ʈʦʙʠʤʦ ʧʝʚʥʠʡ ʧʨʝʧʨʦʮʝʩʽʥʛ, ʘ ʩʘʤʝ ʚʠʜʘʣʷʻʤʦ ʩʪʦʧ ʩʣʦʚʘ ʽ ʨʦʟʜʽʣʦʚʽ ʟʥʘʢʠ. ɼʘʣʽ 

ʪʦʢʝʥʽʟʫʻʤʦ ʪʝʢʩʪ, ʪʦʙʪʦ ʜʽʣʠʤʦ ʡʦʛʦ ʥʘ ʩʣʦʚʘ. ʇʽʩʣʷ ʮʴʦʛʦ ʟʜʽʡʩʥʶʻʤʦ ʩʪʝʤʽʥʛ - ʮʝ ʧʨʦʮʝʩ ʩʢʦʨʦʯʝʥʥʷ 

ʩʣʦʚʘ ʜʦ ʦʩʥʦʚʠ.  ɹʫʜʫʻʤʦ bag-of-words, ʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʤʦ ʧʽʜʙʽʨʢʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʦ 

ʥʘʡʯʘʩʪʽʰʝ ʚʞʠʚʘʥʠʭ ʩʣʦʚʘʭ, ʧʨʠʧʫʩʢʘʶʯʠ ʱʦ ʮʝ ʩʧʽʣʴʥʽ ʽʥʪʝʨʝʩʠ. 

ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 ʪʘ ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 1 ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʚʠʙʨʘʥʦ ʪʘʢʽ ʘʢʘʫʥʪʠ ʣʶʜʝʡ ʚ Twitter: Joe Biden, Hillary Clinton, 

Kamala Harris, Steve Bradford, F1, FIAFormula3. ʗʢ ʙʘʯʠʤʦ ʧʨʦʛʨʘʤʘ ʥʘʤ ʚʠʜʘʣʘ 2 ʟʚʘʞʝʥʠʭ ʛʨʘʬʘ. ʅʘ 

ʨʝʙʨʘʭ ʚʢʘʟʘʥʦ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʝʩʽʚ ʤʽʞ ʘʢʘʫʥʪʘʤʠ. ɼʠʚʣʷʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪ ʧʨʦʛʨʘʤʠ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ 

ʚʦʥʘ ʜʦʩʠʪʴ ʜʦʙʨʝ ʚʧʦʨʘʣʘʩʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʟʨʦʟʫʤʽʣʘ, ʰʦ ʻ 2 ʨʽʟʥʽ ʛʨʫʧʠ ʘʢʘʫʥʪʽʚ. ʊʘʢʦʞ ʤʦʞʥʘ ʟʘʫʚʘʞʠʪʠ, 

ʰʦ ʧʝʨʰʠʡ ʛʨʘʬ, ʤʽʩʪʠʪʴ ʚʩʽʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʜʝʨʞʘʚʥʠʭ ʽ ʧʦʣʽʪʠʯʥʠʭ ʜʽʷʯʽʚ, ʘ ʜʨʫʛʠʡ ʛʨʘʬ ʤʽʩʪʠʪʴ ʘʢʘʫʥʪʠ 

ʧʦʚôʷʟʘʥʽ ʟ F1. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʰʦ ʚʦʥʠ ʩʧʨʘʚʜʽ ʤʘʶʪʴ ʩʧʽʣʴʥʽ ʽʥʪʝʨʝʩʠ. 

 

 
ʈʠʩ. 2 ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ 

 

ɼʣʷ ʜʨʫʛʦʛʦ ʪʝʩʪʫ ʚʟʷʪʦ ʛʨʫʧʫ ʣʶʜʝʡ, ʷʢʽ ʧʦʚʷʟʘʥʽ ʟ ʢʦʩʤʦʩʦʤ ʽ F1. ɹʫʣʦ ʚʠʙʨʘʥʦ ʪʘʢʽ ʘʢʘʫʥʪʠ 

ʣʶʜʝʡ ʚ Twitter: AstroVicGlover, KathyLueders, elonmusk, F1, FIAFormula3. ʇʨʦʛʨʘʤʘ ʥʘʤ ʚʠʜʘʣʘ 2 

ʟʚʘʞʝʥʠʭ ʛʨʘʬʘ. ɺʦʥʘ ʧʦʢʘʟʘʣʘ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʦʩʢʽʣʴʢʠ ʟʨʦʟʫʤʽʣʘ, ʰʦ ʻ 2 ʨʽʟʥʽ ʛʨʫʧʠ ʘʢʘʫʥʪʽʚ. ʄʦʞʥʘ 

ʧʦʙʘʯʠʪʠ, ʱʦ ʛʨʘʬʠ ʥʝ ʤʽʩʪʷʪʴ ʘʢʘʫʥʪʘ elonmusk, ʦʩʢʽʣʴʢʠ ʥʘʰʘ ʧʨʦʛʨʘʤʘ ʦʙʨʦʙʣʷʻ ʣʠʰʝ ʧʝʨʰʠʭ 200 

ʧʫʙʣʽʢʘʮʽʡ ʽ ʩʝʨʝʜ ʦʙʨʦʙʣʝʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʣʶʜʠʥʘ ʤʦʞʝ ʧʦʯʘʪʠ ʮʽʢʘʚʠʪʠʩʷ ʽʥʰʠʤʠ ʨʝʯʠʤʘ ʥʽʞ ʤʠ ʦʯʽʢʫʚʘʣʠ. 
 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʩʪʚʦʨʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʡʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʰʚʠʜʢʦ ʦʙʨʦʙʣʷʻ ʜʦʩʠʪʴ 

ʚʝʣʠʢʽ ʜʘʥʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʨʫʟʽʚ, ʧʦʚôʷʟʘʥʠʭ ʩʧʽʣʴʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ. ʎʷ ʽʜʝʷ ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʦʶ ʚ ʥʘʰ ʯʘʩ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ɼʘʥʘ ʩʠʩʪʝʤʘ, ʤʦʞʝ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʫ ʨʽʟʥʠʭ ʩʦʮʽʘʣʴʥʠʭ ʤʝʨʝʞʘʭ ʪʘ ʜʘʩʪʴ ʟʤʦʛʫ ʦʙôʻʜʥʶʚʘʪʠ ʣʶʜʝʡ ʟʽ ʩʧʽʣʴʥʠʤʠ ʽʥʪʝʨʝʩʘʤʠ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʈɽɻʈɽʉɯʁʅʆɻʆ ɸʅɸʃɯɿʋ ɺ ʇʈʆʎɽʉɯ ʆʎɯʅʖɺɸʅʅʗ 

ɺʇʃʀɺʋ ʌɸʂʊʆʈɸ ʅɸ ʏʋʊʃʀɺɯʉʊʔ ɭʄʅɯʉʅʆɻʆ ʉɽʅʉʆʈɸ ɺʆʃʆɻʆʉʊɯ  
 
˔ ̟̍̆̓̏ ̨̨̗̩̏̐̓̉̍̈́ ̨̐́̑́̍̆̓̑̃ ̠̒̓̃̏̑̆̎̎ ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓ 

̈́̒̓̏̒̏̃́̎̏ ̂́̄́̓̏́̋̓̏̑̎̉̊̕ ̐̌́̎ ̆̋̒̐̆̑̉̍̆̎̓̔  ̃ ̨̤̐̏̅̎́̎̎ ̈ ̨̑̆̄̑̆̒̊̎̉̍ ̨́̎́̌̈̏̍ ̃̐̌̉̃̔ ́̋̓̏̑́̕. 
˞̘̓́̓̉̒̓̉̎́ ̏̂̑̏̂̋́ ̨̝̑̆̈̔̌̓́̓̃ ́̋̓̏̑̎̏̄̏̕ ̆̋̒̐̆̑̉̍̆̎̓̔ ̈́ ̨̤̋̑̉̓̆̑̍ ˗̖̏̑̆̎́ ̅̏̃̆̌́ȟ ̏̚ ́̋̓̏̑̎̉̊̕ 
̆̋̒̐̆̑̉̍̆̎̓ ̤ ̨̟̃̅̓̃̏̑̃́̎̉̍Ȣ ˏ̟̘̉̋̏̑̉̒̓̏̃̔̉ ̗̟̍́̓̑̉ ̠̐̌́̎̔̃́̎̎ ̐̏̃̎̏́̋̓̏̑̎̏̄̏̕ ̆̋̒̐̆̑̉̍̆̎̓̔ 
̑̏̈̑̏̂̌̆̎̏ ̨̠̠̑̃̎̎̎ ̨̩̑̆̄̑̆̒, ̎́ ̨̏̒̎̏̃ ̠̋̏̄̏ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̗̗̠̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ȟ ̠̋̔ ̃̉̋̏̑̉̒̓́̎̏ ̠̅̌ 
̠̒̓̃̏̑̆̎̎  ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔, ̤̒̔̓̓̃̏ ̤̃̐̌̉̃́ ̎́ ̨̘̝̔̓̌̉̃̒̓ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓Ȣ ˔́ ̨̤̋̑̉̓̆̑̍ 
˞̓ȭ̟̅̆̎̓́ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̃̒ ̨̨̗̤̋̏̆̎̓̉̕ ̨̠̠̑̃̎̎̎ ̨̩̑̆̄̑̆̒ ̤ ̘̈̎́̉̍̉̍̉Ȣ ˬ̋ ̨̋̑̉̓̆̑̊ ̨̨̗̩̏̐̓̉̍̈́ ̨̐́̑́̍̆̓̑̃ 
̠̒̓̃̏̑̆̎̎ ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ ̓́̋̏̄̏ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓ ̏̂̑́̎̏ ̨̘̝̔̓̌̉̃̒̓Ȣ  ˛̘̒̓́̓̏̎̆ ̨̠̠̑̃̎̎̎ 
̨̩̑̆̄̑̆̒ ̃ ̨̙̍́̒̓́̂ ̝̖̑̆́̌̎̉ ̨́̋̓̏̑̃̕ ̤̅́ ̈̍̏̄̔ ̐̑̏̃̆̒̓̉ ̨̨̗̟̏̐̓̉̍̈́ ̨̐́̑́̍̆̓̑̃ ̠̒̓̃̏̑̆̎̎ ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ 
̙́̑̔ ̨̤̍̎̒̎̏̄̏ ̒̆̎̒̏̑́ ̨̃̏̌̏̄̏̒̓ ̈ ̝̍́̋̒̉̍́̌̎̉̍ ̘̠̈̎́̆̎̎̍̉ ̨̗̩̔̎̋̕ ̨̃̅̄̔̋̔ ɀ Ⱥ̨̘̝̔̓̌̉̃̒̓ȻȢ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ 
̨̝̙̎́̊̂̌́ ̨̘̝̔̓̌̉̃̒̓ χϊȟχφ ̐ˡȾϻ ̘̤̝̠̈́̂̆̈̐̆̔̓̒ ̈́ ̖̓́̋̉ ̝̖̏̐̓̉̍́̌̎̉ ̨̐́̑́̍̆̓̑ ̃ ̗̐̑̏̆̒̔ ̠̒̓̃̏̑̆̎̎ 
̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ȡ ̨̗̗̩̋̏̎̆̎̓̑́ ̘̑̏̈̉̎̔ ̨̒̏̌ȟ ̠̋́ ̤̃̉̋̏̎̔ ̨̗̟̔̎̋̕ ̟̘́̅̒̏̑̂̔̏̄̏ ̨̍́̓̆̑́̌̔ȟ ́ ̒́̍̆ 
̨̨̘̩̄̄̑̏̒̋̏̐̎̏ ̨̒̏̌ .Á#Ì Ͼ 5,33 ̍ ̝̏̌Ⱦ̌ ̨ ̨̓̏̃̉̎̚ ̘̃̏̌̏̄̏̔̓̌̉̃̏̄̏ ̙́̑̔ 10,0 ̍ ̋̍Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̠̠̑̃̎̎̎ ̨̩̑̆̄̑̆̒ȟ ̗̠̍́̓̑̉ ̠̐̌́̎̔̃́̎̎ȟ ̐̏̃̎̏́̋̓̏̑̎̉̊̕ ̆̋̒̐̆̑̉̍̆̎̓ȟ ́̋̓̏̑̕ȟ ̨̃̅̄̔̋ 
̨̍̏̅̆̌ȟ ̋ ̨̑̉̓̆̑̊ ˞̓ȭ̟̅̆̎̓́ȟ ̨̋̑̉̓̆̑̊ ˗̖̏̑̆̎́Ȣ 
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APPLICATION OF REGRESSION ANALYSIS DURING THE ASSESSMENT PROCESS OF FACTOR IMPACT ON 

THE SENSITIVITY OF THE CAPACITIVE HUMIDITY SENSOR  
 

In order to optimize the parameters of creating a moisture-sensitive layer of the capacitive humidity sensor, a multifactorial 
experiment plan was used in combination with regression analysis of the factor influence. Capacitive humidity sensors are made on a sitall 
subÓÔÒÁÔÅ ×ÉÔÈ ÓÉÚÅ τȢϋЀτȢύ ÍÍȟ ÏÎ ÔÈÅ ÓÕÒÆÁÃÅ ÏÆ ×ÈÉÃÈ ÉÓ applied a copper film, which forms the plates of the capacitive elements in the form 
ÏÆ Á ÍÅÁÎÄÅÒ ×ÉÔÈ ÔÈÅ ÁÐÐÒÏÐÒÉÁÔÅ ÇÅÏÍÅÔÒÙ ϋȢόωɇυτ-2Ѐυωτɇυτ-6ЀυȢφɇυτ-6 m. Hygroscopic salt is a moisture-sensitive film that serves as a 
dielectric. Solutions of hygroscopic salt NaCl with concentrations 0.89 mol/l and 5.33 mol/l were used to create a moisture-sensitive film, 
which were applied to the surface of capacitive humidity sensors by spraying at a distance of 40ɀωτ ÃÍ ×ÉÔÈ ÔÈÉÃËÎÅÓÓÅÓ ÏÆ ωȢτ ʈÍ ÁÎÄ υτȢτ 
ʈÍȢ 3ÔÁÔÉÓÔical processing of the results of the factor experiment by the Cochran test proved that the factor experiment is reproducible. Using 
the planning matrix of the full-factor experiment, a regression equation has been developed and on the basis of which it has been found that 
the concentration of salt solution used to create a moisture-sensitive layer significantly affects the sensitivity of the capacitive humidity 
sensor. According to Student criteria it has been established that all the coefficients of the regression equation are significant. Sensitivity has 
been chosen as criteria for parameters optimization of creation a moisture-sensitive layer of such a capacitive humidity sensor. The final 
regression equation on the scale of real factors makes it possible to optimize the parameters of creation a moisture-sensitive layer of the 
capacitive humidity sensor with the maximum values of the response function ɀ "sensitivity". It has been found that the highest sensitivity of 
36.32 pF/% is provided by the following optimal parameters of the process of creating a moisture-sensitive layer: the concentration of salt 
solution, which serves as an adsorbent material, namely hygroscopic salt NaCl ɀ 5.33 mol/l and thickness of moisture-ÓÅÎÓÉÔÉÖÅ ÌÁÙÅÒ υτȢτ ʈÍȢ 

Keywords: regression equation, planning matrix, full-factor experiment, factor, model response, Student test, Cochran test. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʠʥʽ ʩʝʨʝʜ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʪʝʭʥʽʮʽ 

ʟʘʡʤʘʶʪʴ ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʚʦʣʦʛʦʩʪʽ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʾ 

ʽʥʜʫʩʪʨʽʾ, ʘ ʪʘʢʦʞ ʫ ʧʦʙʫʪʽ ʽ ʪʝ, ʱʦ ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪ ɹʻ ʬʽʟʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʚʘʞʢʦ ʧʽʜʣʷʛʘʻ 

ʧʝʨʝʪʚʦʨʝʥʥʶ ʚ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ, ʟʨʦʙʠʣʘ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʫ ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʤʽʥʽ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [1ī6]. 

ʂʨʽʤ ʪʦʛʦ, ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʽʰʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʨʠʥʮʠʧʫ ʾʭ ʜʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʪʝʭʥʽʯʥʠʡ ʨʽʚʝʥʴ ʩʝʥʩʦʨʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʚʦʣʦʛʦʯʫʪʣʠʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʋ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʦʜʝʨʞʫʶʪʴ ʙʝʟʣʽʯ ʜʘʥʠʭ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʩʪʨʫʢʪʫʨʫʚʘʪʠ ʪʘ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʩʪʦʩʦʚʥʦ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʚʦʣʦʛʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ, 

ʪʘʢ ʽ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʦʪʨʠʤʘʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʧʦʪʨʽʙʥʦ 

ʧʣʘʥʫʚʘʪʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

https://orcid.org/0000-0001-6642-754X
mailto:lyudmila.krylik@gmail.com
https://orcid.org/0000-0002-4570-2845
mailto:evseevamv359@gmail.com


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 4, 2022 (311) 120 

ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʇʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ī ʮʝ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘʢʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʷʢʠʡ 

ʜʦʟʚʦʣʷʻ ʟʘ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʛʦʥʽʚ (ʢʽʣʴʢʽʩʪʴ ʨʝʘʣʽʟʘʮʽʡ) ʝʢʩʧʝʨʠʤʝʥʪʫ ʽ ʟʘ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪ 

ʨʝʩʫʨʩʽʚ ʟʨʦʙʠʪʠ ʩʪʘʪʠʩʪʠʯʥʦ ˇʨʫʥʪʦʚʥʽ ʚʠʩʥʦʚʢʠ ʘʙʦ ʟʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ ʩʪʨʫʢʪʫʨʠ 

ʨʦʟʨʦʙʢʠ, ʘʙʦ ʞ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [7ī12].  

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥ̔ ʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʊʝʦʨʽʷ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʡʤʘʻʪʴʩʷ ʧʨʦʙʣʝʤʘʤʠ ʦʜʝʨʞʘʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʣʴʥʠʡ ʦʙôʻʢʪ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ ʷʢ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʯʘʩʫ, ʪʘʢ ʽ ʯʘʩʫ ʜʦʩʣʽʜʥʠʢʘ. ɸ 

ʩʧʝʮʽʘʣʴʥʽ ʟʘʩʦʙʠ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪ̔ ʚ ʜʦʟʚʦʣʷʶʪʴ ʩʢʣʘʩʪʠ ʝʬʝʢʪʠʚʥʠʡ ʧʣʘʥ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʙʽʨ ʥʝʦʙʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʚʠʩʥʦʚʢʽʚ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ.  

ʂʨʽʤ ʪʦʛʦ, ʧʣʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʜʽʣʷʶʪʴ ʥʘ  ʦʜʥʦʬʘʢʪʦʨʥʽ ʪʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ. ʅʘ ʚʽʜʤʽʥʥʫ ʚʽʜ 

ʦʜʥʦʬʘʢʪʦʨʥʠʭ ʧʣʘʥʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴ ʪʽʣʴʢʠ ʚʧʣʠʚ ʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ, 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʽ ʧʣʘʥʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʫʶʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʤʽʩʥʦʛʦ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ. 

ʊʘʢʽ ʧʣʘʥʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʞʫʚʘʪʠ ʚʧʣʠʚ ʷʢ ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ, ʪʘʢ ʽ ʚʧʣʠʚ ʚʟʘʻʤʦʜʽʡ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʊʦʙʪʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ ʧʣʘʥʽʚ ʩʧʨʠʷʻ ʜʝʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʫ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʘ ʩʘʤʝ 

ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʬʘʢʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʚʧʣʠʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʧʦʚʝʜʽʥʢʫ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ, ʧʨʦʮʝʩʫ. ɿʘ ʩʚʦʻʶ ʧʨʠʨʦʜʦʶ ʬʘʢʪʦʨʠ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʷʢʽʩʥʽ ʪʘ ʢʽʣʴʢʽʩʥʽ. ɼʣʷ 

ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ [7ī10, 12], ʘ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ī ʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ [11].  

ʄʝʪʦʶ ʨʝʛʨʝʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʻ ʢʽʣʴʢʽʩʥʝ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ. ʎʝʡ ʪʠʧ ʘʥʘʣʽʟʫ ʜʘʻ ʟʤʦʛʫ 

ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʟ ʬʘʢʪʦʨʽʚ ʩʧʨʠʯʠʥʷʻ ʥʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ, ʘ ʷʢʠʡ ï ʥʘʡʤʝʥʰʠʡ. ʊʘ ʷʢ ʧʦʪʨʽʙʥʦ ʟʤʽʥʶʚʘʪʠ 

ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦʙ ʜʦʩʷʛʪʠ ʟʙʽʣʴʰʝʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʥʘ ʟʘʜʘʥʫ ʚʝʣʠʯʠʥʫ [12]. 

ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʨʘʢʪʠʯʥʝ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ  ʚ ʧʦʻʜʥʘʥʥʽ 

ʟ ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʥʠʥʽ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ:  

- ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ; 

- ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ:  

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ;  

2) ʨʦʟʨʦʙʠʪʠ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʦʩʥʦʚʽ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ;  

3) ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ ʧʨʦʚʝʩʪʠ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ: 
ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ; ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʯʫʪʣʠʚʽʩʪʴ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ;  

4) ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʟ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʫʚʘʣʘʩʴ ʟʘʣʝʞʥʽʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ 

ʚʦʣʦʛʦʩʪʽ ʚʽʜ ʚʧʣʠʚʫ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ: ʪʦʚʱʠʥʠ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ  ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʩʦʣʽ, ʷʢ  

ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ NaCl).  

ɭʤʥʽʩʥʽ ʩʝʥʩʦʨʠ ʚʦʣʦʛʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʽ ʥʘ ʩʠʪʘʣʦʚʽʡ ʧʽʜʢʣʘʜʮʽ ʨʦʟʤʽʨʦʤ 0,7Ĭ0,9 ʤʤ, ʥʘ ʧʦʚʝʨʭʥʽ ʷʢʦʾ 

ʥʘʥʝʩʝʥʘ ʧʣʽʚʢʘ ʤʽʜʽ, ʷʢʘ ʫʪʚʦʨʶʻ ʦʙʢʣʘʜʢʠ ʻʤʥʽʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʤʝʘʥʜʨʫ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ 

7,85Ŀ10-2Ĭ150Ŀ10-6Ĭ1,2Ŀ10-6 ʤ [4]. ɺʦʣʦʛʦʯʫʪʣʠʚʦʶ ʧʣʽʚʢʦʶ, ʷʢʘ ʩʣʫʛʫʻ ʜʽʝʣʝʢʪʨʠʢʦʤ, ʻ ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʾ  ʧʣʽʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʦʟʯʠʥʠ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʩʦʣʽ NaCl ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ  

0,89 ʤʦʣʴ/ʣ ʪʘ 5,33 ʤʦʣʴ/ʣ, ʷʢʽ ʥʘʥʦʩʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʶ ʻʤʥʽʩʥʠʭ ʩʝʥʩʦʨʽʚ ʚʦʣʦʛʦʩʪʽ ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ ʥʘ 

ʚʽʜʩʪʘʥʽ 40 ï 50 ʩʤ ʪʦʚʱʠʥʘʤʠ 5,0 ʤʢʤ ʪʘ 10,0 ʤʢʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʚ̔ ʧʨʠʡʤʝʤʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ʬʘʢʪʦʨ 1X  ī ʪʦʚʱʠʥʘ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ 

ʰʘʨʫ d, ʤʢʤ; ʬʘʢʪʦʨ2X  ī ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl, ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ  

C, ʤʦʣʴ/ʣ; ʚʽʜʛʫʢ ʤʦʜʝʣʽ yī ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ CS , ʧʌ/% .   

ʊʠʧ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʮʝ ʯʠʩʣʦ, ʷʢʝ ʜʦʨʽʚʥʶʻ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚ ʧʣʘʥʽ. ʊʘʢ, ʜʣʷ ʜʚʦʭ ʬʘʢʪʦʨʽʚ 

ʢʽʣʴʢʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʝ 22 4= , ʪʦʙʪʦ 4N= . 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʠʧʫ 22 ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʧʨʦʛʦʥʽʚ 3p=  

ʦʪʨʠʤʘʥʽ ʪʘʢʽ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ijy  (ʪʘʙʣ. 1):  
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ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʠʧʫ 22  

1X  2X  1jy  2jy  3jy  

5,0 0,89 5,2 4,8 6,7 

10,0 0,89 6,1 5,0 7,5 

5,0 5,33 10,1 16,2 25,3 

10,0 5,33 32,5 28,1 49,0 

 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʅʘ ʧʦʯʘʪʢʫ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʚʠʢʦʥʫʶʪʴ ʦʮʽʥʢʫ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʢʨʠʪʝʨʽʻʤ ʂʦʭʨʝʥʘ. ɼʣʷ ʮʴʦʛʦ ʨʦʟʨʘʭʦʚʫʶʪʴ 

ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʫ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽjD , ʩʫʤʘʨʥʝ DS ʪʘ ʤʘʢʩʠʤʘʣʴʥʝ maxD  ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ ʟʘ 

ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ [12]: 

( )
2

1

1

p

ij j
i

j

y y

D
p

=

-

=
-

ä
,                                                                       (1) 

ʜʝ ijy  ī i -e ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʚ j -ʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ; 

       

1

N

j
j

D DS
=

=ä ,                                                                            (2) 

     max max j
j

D D= .                                                                           (3) 

ʇʦʪʽʤ ʦʙʯʠʩʣʶʶʪʴ ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ: 

                                                     maxD
G

DS
= .                                                                                (4) 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʦʙʯʠʩʣʶʶʪʴ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʪʘʙʣ. 1 ʟʘ ʪʘʢʦʶ ʬʦʨʤʫʣʦʶ: 

1

1
p

j ji
i

y y
p
=

= ä .                                                                                 (5) 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʦʙʯʠʩʣʠʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (1) ï (4): 

ī ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ: 

max 121,4D = ; 

ī ʩʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʜʠʩʧʝʨʩʽʾ: 

182,48DS= ; 

ī ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ: 

0,665Gº . 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷʤ ʢʨʠʪʝʨʽʶ ʂʦʭʨʝʥʘ ʢʨG . ʇʨʠ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ  

0,05a= , ʢʽʣʴʢʦʩʪʽ ʩʪʫʧʝʥʽʚ ʚʽʣɹ ʥʦʩʪʽ 1 3 1 2m p= - = - =, ʤʘʻʤʦ 0,768ʢʨG = . ʆʩʢʽʣʴʢʠ 0,665 0,768< , 

ʪʦʙʪʦ ʢʨG G< , ʪʦ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʻ ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʽ ʚʝʣʠʯʠʥʘ 

1
j

j

D D
N
= ä                                                                    (6) 

ʻ ʦʮʽʥʢʦʶ ʜʠʩʧʝʨʩʽʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ, ʪʦʙʪʦ 45,62D= . 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʘ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʤ ʧʣʘʥʦʤ ʩʧʦʯʘʪʢʫ 

ʧʝʨʝʪʚʦʨʶʶʪʴ ʚʭʽʜʥʽ ʟʤʽʥʥʽ iX , ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ (miniX , maxiX ), ʚ ʥʦʚʽ ʟʤʽʥʥʽ ix , ʱʦ ʟʤʽʥʶʶʪʴʩʷ 

ʚ ʤʝʞʘʭ (-1 , +1) ʟʘ ʬʦʨʤʫʣʦʶ [12]: 
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ʆʙʣʘʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ (ʪʘʙʣ. 1)1 (5,0;10,0)X Í , 2 (0,89; 5,33)X Í .  

ʇʝʨʝʪʚʦʨʠʤʦ ʟʘ ʬʦʨʤʫʣʘʤʠ (7) ʧʦʯʘʪʢʦʚʽ ʟʤʽʥʥʽ ʚ ʜʦʧʦʤʽʞʥʽ, ʷʢʽ ʟʤʽʥʶʶʪʴʩʷ ʚ ʦʙʣʘʩʪʽ (-1;1): 

1
1

7,5

2,5

X
x

-
= ,                              2

2

3,11

2,22

X
x

-
= .                                                   (8) 

ʉʢʣʘʜʝʤʦ ʤʘʪʨʠʮʶ ʧʣʘʥʫʚʘʥʥʷ ʧʦʚʥʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʇʌɽ) (ʪʘʙʣ. 2) ʪʘ ʚʠʟʥʘʯʠʤʦ 

ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ. 
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ʄʘʪʨʠʮ̫  ʧʣʘʥʫʚʘʥʥʷ ʇʌɽ 
22  0x  1x  2x  1 2x x  jy  

1 + - - + 5,57 

2 + + - - 6,2 

3 + - + - 17,2 

4 + + + + 36,53 

 

ʇʣʘʥʫʚʘʥʥ ʁʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʠʧʫ22  ʚʽʜʧʦʚʽʜʘʻ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

0 1 1 2 2 3 1 2y b b x b x b x x= + + + . 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʤʘʪʨʠʮʽ ʧʣʘʥʫʚʘʥʥʷ ʇʌɽ (ʪʘʙʣ. 2), ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ 

ʟʘ ʪʘʢʠʤʠ ʬʦʨʤʫʣʘʤʠ [12]:  

                                                   0
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ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʥʘʙʫʚʘʶʪʴ ʪʘʢʠʭ ʟʥʘʯʝʥʴ: 

0 16,38b = ;       1 4,99b = ;       2 10,49b = ;       3 4,68b = . 

ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʘʻ ʚʠʛʣʷʜ: 

1 2 1 216,38 4,99 10,49 4,68y x x x x= + + + .                                                  (10) 

ʆʪʞʝ, ʘʥʘʣʽʟʫʁʯʠ ʦʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʪʝ, ʱʦ ʬʘʢʪʦʨ 2x  ʩʧʨʠʯʠʥʷʻ ʥʘ ʚʽʜʛʫʢ ʤʦʜʝʣʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʠʡ ʚʧʣʠʚ, 

ʥʽʞ ʬʘʢʪʦʨ 1x  ʘʙʦ 1 2x x . ʊʦʙʪʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ. ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ 
ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʚ ʦʙʣʘʩʪʽ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪ ʻ ʚʽʜʪʚʦʨʶʚʘʥʠʤ ʧʝʨʝʡʜʝʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʝʪʘʧʫ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ.  

ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʦʮʽʥʶʶʪʴ ʟʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪôʶʜʝʥʪʘ. 

ʉʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪôʶʜʝʥʪʘ ʟʥʘʭʦʜʷʪʴ ʟʘ ʬʦʨʤʫʣʦʁ  [12]: 

j j

N p
t b

D

Ö
= ,                                                                               (11) 

ʇʨʠ ʨʽʚʥʽ ʟʥʘʯʠʤʦʩʪʽ 0,05a= , ʯʠʩʣʽ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ ( 1) 4 (3 1) 8m N p= Ö - = Ö - =, ʤʘʻʤʦ 

ʪʘʙʣʠʯʥʝ ʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʉʪôʁ ʜʝʥʪʘ 2,31ʢʨt = . 

ʆʮʽʥʶʻʤʦ ʟʥʘʯʠʤʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ jb  ʟʘ ʬʦʨʤʫʣʦʶ (11): 

0 08,4 2,31ʢʨt t b= > = ­ ʻ ʟʥʘʯʠʤʠʤ; 

1 12,56 2,31ʢʨt t b= > = ­ ʻ ʟʥʘʯʠʤʠʤ; 

2 25,38 2,31ʢʨt t b= > = ­ ʻ ʟʥʘʯʠʤʠʤ; 

3 32,4 2,31ʢʨt t b= > = ­ ʻ ʟʥʘʯʠʤʠʤ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʻ ʟʥʘʯʠʤʠʤʠ, ʪʦ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʚʠʢʦʥʫʶʪʴ, ʽ ʚʚʘʞʘʶʪʴ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʢʽʥʯʝʥʦʶ. 

ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʢʦʜʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʦʪʨʠʤʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʇʌɽ. 

ʌʘʢʪʦʨʠ 1x , 2x  ʚʭʦʜʷʪʴ ʜʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʫ ʢʦʜʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʱʦʙ ʦʜʝʨʞʘʪʠ ʨʽʚʥʷʥʥʷ ʚ ʥʘʪʫʨʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ, ʧʦʪʨʽʙʥʦ ʩʢʦʨʠʩʪʘʪʠʩʷ ʦʙʯʠʩʣʝʥʠʤʠ ʚʠʨʘʟʘʤʠ (8). ʇʽʜʩʪʘʚʠʤʦ ʮʽ ʚʠʨʘʟʠ ʧʝʨʝʭʦʜʫ ʜʦ ʢʦʜʦʚʘʥʠʭ 

ʬʘʢʪʦʨʽʚ ʫ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ (10), ʷʢʝ ʦʪʨʠʤʘʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʻʤʦ 

ʦʩʪʘʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʤʘʩʰʪʘʙʽ ʨʝʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʝ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1 2 1 26,38 0,63 1,60 0,84y X X X X= - - + .                                                      (12) 

ʆʪʨʠʤʘʥʝ ʦʩʪʘʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʤʘʩʰʪʘʙʽ ʨʝʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ (12) ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ 

ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 

ʟʥʘʯʝʥʥʤ̫ʠ ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ï çʯʫʪʣʠʚʽʩʪʴè. ʗʢ ʢʨʠʪʝʨʽʡ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ 

ʰʘʨʫ ʪʘʢʦʛʦ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʦʙʨʘʥʦ ʯʫʪʣʠʚʽʩʪʴ. ɿ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʜʥʦ, ʱʦ ʯʫʪʣʠʚʽʩʪʴ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʷʢ ʪʦʚʱʠʥʘ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl, ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʆʜʥʘʢ, ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ ʯʫʪʣʠʚʽʩʪʴ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʤʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʩʦʣʽ NaCl. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʘ 

ʯʫʪʣʠʚʽʩʪʴ 36,32 ʧʌ/% ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʪʘʢʠʭ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ 

ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ: ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ī 5,33 ʤʦʣʴ/ʣ ʽ ʪʦʚʱʠʥʽ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ 

10,0 ʤʢʤ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʦʛʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʥʘʩʘʤʧʝʨʝʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ ʘʜʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʩʦʨʙʝʥʪʫ. ʅʠʥʽ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ 

ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʽʜʥʦʩʥʦʾ ʚʦʣʦʛʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʽ ʚʠʩʫʚʘʶʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʚʦʣʦʛʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. ʊʦʤʫ, ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ 

ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ, ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʨʝʛʨʝʩʽʡʥʠʤ ʘʥʘʣʽʟʦʤ ʚʧʣʠʚʫ ʬʘʢʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ, ʷʢʝ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ 

ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ çʯʫʪʣʠʚʽʩʪʴè ʚʽʜ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ ī ʪʦʚʱʠʥʘ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʪʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl, ʷʢʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʦʚʝʜʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʨʦʟʯʠʥʫ ʩʦʣʽ NaCl, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʤʘʻ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʥʽʞ ʪʦʚʱʠʥʘ ʮʴʦʛʦ ʰʘʨʫ. ʆʪʨʠʤʘʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʘʙʣʠʞʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʽʜʛʫʢʫ ʤʦʜʝʣʽ ʚ ʦʙʣʘʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʢʦʜʫʚʘʥʥʷ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʦʪʨʠʤʘʥʦ ʦʩʪʘʪʦʯʥʝ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʤʘʩʰʪʘʙʽ 
ʨʝʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ. ʈʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ ʚ ʤʘʩʰʪʘʙʽ ʨʝʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʽʟʘʮʽʶ 

ʧʘʨʘʤʝʪʨʽʚ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤʠ 

ʬʫʥʢʮʽʾ ʚʽʜʛʫʢʫ ï çʯʫʪʣʠʚʽʩʪʴè. ʅʘʡʙʽʣʴʰʘ ʯʫʪʣʠʚʽʩʪʴ 36,32 ʧʌ/% ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʠ ʪʘʢʠʭ ʦʧʪʠʤʘʣʴʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ: ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʫ ʘʜʩʦʨʙʫʶʯʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʩʘʤʝ 

ʛʽʛʨʦʩʢʦʧʽʯʥʦʾ ʩʦʣʽ NaCl ī 5,33 ʤʦʣʴ/ʣ ʽ ʪʦʚʱʠʥʽ ʚʦʣʦʛʦʯʫʪʣʠʚʦʛʦ ʰʘʨʫ 10,0 ʤʢʤ.  

3. ɺ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʪʦʜ ʧʣʘʥʫʚʘʥʥʷ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʜʣʷ ʪʦʛʦ, ʱʦʙ  ʜʦʩʣʽʜʠʪʠ ʷʢ ʟʤʽʥʠʪʴʩʷ ʯʫʪʣʠʚʽʩʪʴ ʻʤʥʽʩʥʦʛʦ ʩʝʥʩʦʨʘ ʚʦʣʦʛʦʩʪʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʜʚʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʘ, ʥʠʞʥʽʤ ʰʘʨʦʤ, ʷʢʦʾ ʻ ʛʽʛʨʦʩʢʦʧʽʯʥʘ ʩʽʣʴ, ʘ ʚʝʨʭʥʽʤ ï ʧʦʣʽʤʝʨ. 
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