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FORCE STUDY OF REACTIVE LOADS IN KINEMAT IC COUPLES OF A WORK ING CAPACITY TURNING  

MACHINE WITH COMPLEX  SPACE MOVEMENT AND V ARIABLE VOLUME  
 

High productivity when performing finishing technological operations, as well as technological processes of mixing loose fine-
dispersed substances, can be achieved with the use of equipment in which working containers perform complex spatial movement. To date, 
various types of developed felting machines with complex spatial movement of working containers are known. Each type of such equipment 
corresponds to the implementation of various felting technological operations - separation of parts from sprues, grinding or polishing of 
products, cleaning of metal parts from corrosion or mixing of loose fine-dispersed substances. During the operation of the rolling equipment, 
various reactive loads arise in the kinematic pairs, which depend on the design features of the machines. With the use of the automated 
design system "SolidWorks", 3D modeling and further strength research of a model of a rolling machine with a working capacity with 
complex spatial movement and variable volume was performed. In the kinematic chain of the machine under study, an additional moving 
connecting rod link with rotational and translational kinematic pairs is used. During the performance of the force study, the reactions in all 
rotational and translational kinematic pairs were determined, the influence of the change in the interaxial distance of the working capacity 
and the additional moving link of the connecting rod on the maximum values of the reactions in the kinematic pairs of the machine was 
investigated. The presented results of analytical studies can be applied in the relevant design bureaus of machine-building enterprises at the 
stage of designing equipment with complex spatial movement of working capacities and felting technological processes. 

Key words: reactions, spatial mechanism, connecting rod, working capacity. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʽʜʦʤʘ [1, 2] ʟʥʘʯʥʽ ʢʽʣʴʢʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʽ 

ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ. ʂʦʞʥʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʪʘʢʦʾ ʤʘʰʠʥʠ ʤʘʻ ʩʚʦʾ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʠʭ 
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ʣʘʥʦʢ ʤʘʰʠʥʠ ʪʘ ʾʾ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ, ʟʜʘʪʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʨʽʟʥʽ ʨʝʞʠʤʠ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫʩʽ ʨʦʟʨʦʙʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʡʙʽʣʴʰ ʚʜʘʣʦ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʪʠʧʽʚ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ 

ʣʠʚʥʠʢʽʚ [3], ʰʣʽʬʫʚʘʥʥʷ ʯʠ ʧʦʣʽʨʫʚʘʥʥʷ ʚʠʨʦʙʽʚ [4], ʦʯʠʱʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʢʦʨʦʟʽʾ ʘʙʦ 

ʟʤʽʰʫʚʘʥʥʷ ʩʠʧʢʠʭ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʨʝʯʦʚʠʥ [5]. 

ʅʘʷʚʥʽʩʪʴ ʚʽʜʤʽʥʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʫʤʦʚʣʶʶʪʴ ʥʝ ʣʠʰʝ ʨʽʟʥʠʡ ʭʘʨʘʢʪʝʨ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʤʘʰʠʥʠ, ʘʣʝ ʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʽ ʙʫʜʫʪʴ 

ʚʠʥʠʢʘʪʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥʠ ʚ ʾʾ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʭ. ɺʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ 

ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ ʧʨʠ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚʘʭ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ɺʽʜʦʤʠʡ ʨʷʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʚʠʩʚʽʪʣʝʥʽ ʫ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ [6ï8], ʫ ʷʢʠʭ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʊʘʢʦʞ ʚʽʜʦʤʽ ʧʨʦʚʝʜʝʥʽ ʩʠʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ 

ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʫ [9] ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʠʣʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʢʦʨʦʤʠʩʣʦʤ, ʱʦ ʤʘʻ ʚʝʨʪʠʢʘʣʴʥʫ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ, ʫ [10] ï ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʢʦʨʦʤʠʩʣʦʤ, ʱʦ ʤʘʻ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ, ʫ [11] ï ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʧʦʚʟʫʥʦʤ, ʫ [12] ï ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʫ ʷʢʽʡ ʚʝʜʝʥʘ ʚʠʣʢʘ ʪʘ 

ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʫʪʚʦʨʶʶʪʴ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ, ʫ [13] ï ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʜʚʦʤʘ 

ʨʦʙʦʯʠʤʠ ʻʤʢʦʩʪʷʤʠ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ. 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ. ʆʜʥʘʢ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʫ ʚʠʱʝ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ 

ʚʠʢʦʥʘʥʠʭ ʩʠʣʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʝʷʢʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ, ʫ ʷʢʠʭ ʨʦʙʦʯʽ ʻʤʢʦʩʪʽ ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʠʡ 

ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʘʥʘʣʦʛʽʯʥʦʛʦ ʩʠʣʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ [14] ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ 

ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʘʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. ʃʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʘʢʮʽʡ ʚ ʫʩʽʭ ʦʙʝʨʪʘʣʴʥʠʭ ʪʘ 

ʧʦʩʪʫʧʘʣʴʥʽʡ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʝʤʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ 

ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʪʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʽʜ ʯʘʩ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ 

SolidWorks, ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ 

ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʮʠʢʣʽʯʥʦʾ ʟʤʽʥʠ ʦʙôʻʤʫ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʧʽʜ ʯʘʩ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʘʥʠʥʠ 1, ʚʝʜʫʯʦʛʦ 2 ʪʘ 

ʚʝʜʝʥʦʛʦ 3 ʚʘʣʽʚ. ɺʘʣʠ 2 ʪʘ 3 ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʝʜʫʯʦʶ 4 ʪʘ ʚʝʜʝʥʦʶ 5 ʚʠʣʢʘʤʠ 

ʚʽʜʧʦʚʽʜʥʦ, ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʚʽʩʽ ʷʢʠʭ 6 ʽ 7 ʻ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʰʘʪʫʥʘ 8 ʪʘ ʻʤʥʦʩʪʽ 9 

ʚʽʜʧʦʚʽʜʥʦ. ʐʘʪʫʥ 8 ʚʠʢʦʥʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʦʨʰʥʷ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʩʪʫʧʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ D 

ʨʫʭʦʤʦ ʟôʻʜʥʘʥʠʡ ʟ ʻʤʥʽʩʪʶ 9, ʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʝʨʪʘʣʴʥʦʾ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ ɽ ï ʟ ʚʝʜʫʯʦʶ ʚʠʣʢʦʶ. 

ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.ʘ, ʘ ʤʦʜʝʣʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ ï ʥʘ 

ʨʠʩ. 1.ʙ. 
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ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʘʨʠ: ʘ ï ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ, ʙ ï ʤʦʜʝʣʴ ʤʘʰʠʥʠ 

 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʫ ʉɸʇʈ SolidWorks ʾʾ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ 

ʧʨʠʡʤʘʣʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʤʠʩʣʦʚʦʛʦ ʟʤʽʰʫʚʘʯʘ çTurbula T10Bè. ɼʘʥʽ 

ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʰʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʚʥʘʩʣʽʜʦʢ ʜʦʜʘʚʘʥʥʷ ʚ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ 

ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ ï ʰʘʪʫʥʘ ʟ ʦʙʝʨʪʘʣʴʥʦʶ ʪʘ ʧʦʩʪʫʧʘʣʴʥʦʶ ʢʽʥʝʤʘʪʠʯʥʠʤʠ ʧʘʨʘʤʠ ʚʠʢʣʶʯʝʥʦ 

ʧʘʩʠʚʥʠʡ ʟʚôʷʟʦʢ, ʷʢʠʡ, ʷʢ ʚʽʜʦʤʦ ʟ [15], ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʰʠʥʠ. ʇʽʩʣʷ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 11 

ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʧʘʩʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʩʪʘʻ ʤʦʞʣʠʚʠʤ ʟʤʽʥʶʚʘʪʠ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʚʘʞʣʠʚʦ ʜʦʩʣʽʜʠʪʠ, ʷʢ ʟʤʽʥʘ ʪʘʢʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʟʤʽʥʫ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ, ʘ ʪʘʢʦʞ ʧʨʠ ʷʢʽʡ ʤʽʞʦʩʴʦʚʽʡ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ 

ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ ʙʫʜʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʽ [16] ʤʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʱʦ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ. ʉʠʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks.  

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʙʽʣʴʰʫʚʘʣʠ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ ʪʘ ʧʨʦʧʦʨʮʽʡʥʦ ʾʡ 

ʟʙʽʣʴʰʫʚʘʣʠ ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ ʰʘʪʫʥʘ lɼʈʃ, ʜʦʪʨʠʤʫʶʯʠʩʴ ʩʪʘʣʦʛʦ ʚʽʜʥʦʰʝʥʥʷ 
2,2:1 ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ lʈɭ ʜʦ ʜʦʚʞʠʥʠ ʰʘʪʫʥʘ lɼʈʃ. ʇʘʨʘʣʝʣʴʥʦ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘ ʟʤʽʥʦʶ ʨʝʘʢʮʽʡ ʚ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ, ʜʣʷ ʢʦʞʥʦʾ ʨʝʘʢʮʽʾ ʚʠʟʥʘʯʘʣʠ ʾʾ ʝʢʩʪʨʝʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʟʤʽʥʘ 

ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ ʚʠʨʘʞʘʣʘʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ŭ, ʷʢʠʡ ʙʫʚ ʨʘʥʽʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ 

ʨʦʙʦʪʘʭ [9ï13]. ʂʦʝʬʽʮʽʻʥʪ ŭ ʜʣʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʨʦʟʨʘʭʦʚʫʚʘʚʩʷ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ lʈɭ+lɼʈʃ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʫʤʫ ʜʦʚʞʠʥ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʪʘ ʰʘʪʫʥʘ ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ lɺ ʚʠʣʢʠ ʤʘʰʠʥʠ (ʚʝʜʫʯʦʾ ʯʠ 

ʚʝʜʝʥʦʾ): ŭ = lʈɭ+lɼʈʃ / lɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʫ ŭ: 1,2; 1,4; 1,6.  

 

ʊʘʙʣʠʮʷ 1 

ɻʝʦʤʝʪʨʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʤʘʰʠʥʠ 
ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ŭ 

1,2 1,4 1,6 

ɼʽʘʤʝʪʨ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ dʈɭ 0,318 ʤ 0,318 ʤ 0,318 ʤ 

ɼʦʚʞʠʥʘ (ʤʽʞ ʪʦʨʮʷʤʠ) ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʎ 0,430 ʤ 0,480 ʤ 0,535 ʤ 

ʄʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʚʠʣʢʠ lɺ 0,272 ʤ 0,272 ʤ 0,272 ʤ 

ʄʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ lʈɭ 0,330 ʤ 0,380 ʤ 0,435 ʤ 

ʆʙôʻʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ Vʈɭ 0,032 ʤ3 0,036 ʤ3 0,041 ʤ3 

ʄʘʩʘ ʫʩʽʭ ʨʫʭʦʤʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥʠ mD 50 ʢʛ 52 ʢʛ 53,2 ʢʛ 

ʂʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ 

ɤʚʝʜʯ. 
3,3 ʩ-1  (32 ʦʙ/ʭʚ) 3,3 ʩ-1  (32 ʦʙ/ʭʚ) 3,3 ʩ-1  (32 ʦʙ/ʭʚ) 

 

ʊʘʢʦʞ ʚʠʟʥʘʯʘʣʠ çʛʨʘʥʠʯʥʫè ʤʽʞʦʩʴʦʚʫ ʚʽʜʩʪʘʥʴ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʷʢʦʾ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʫ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ, ʷʢʽ 

ʧʝʨʝʚʠʱʫʶʪʴ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. ʉʭʝʤʘʪʠʯʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ 

ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʽʚ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ 

ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʽʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ 

 

ɺʠʟʥʘʯʘʣʠ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʪʘ ʨʘʜʽʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʧʦʚʥʠʭ ʨʝʘʢʮʽʡ R ʚ ʰʝʩʪʠ 

ʦʙʝʨʪʘʣʴʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧôʷʪʦʛʦ ʢʣʘʩʫ ɸ, ɺ, ʉ, D, ɽ, F ʪʘ ʦʜʥʽʡ ʧʦʩʪʫʧʘʣʴʥʽʡ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ G: 

RAA ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʩʪʘʥʠʥʘ ï ʚʝʜʫʯʠʡ ʚʘʣè; RAR ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ 

ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʩʪʘʥʠʥʘ ï ʚʝʜʫʯʠʡ ʚʘʣè; RBA ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʫʯʠʡ ʚʘʣ 

ï ʚʝʜʫʯʘ ʚʠʣʢʘè; RBR ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʫʯʠʡ ʚʘʣ ï ʚʝʜʫʯʘ ʚʠʣʢʘè; RCA ï 

ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʫʯʘ ʚʠʣʢʘ ï ʰʘʪʫʥè; RCR ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ 

ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʫʯʘ ʚʠʣʢʘ ï ʰʘʪʫʥè; RDA ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʝʥʘ ʚʠʣʢʘ 

ï ʨʦʙʦʯʘ ʻʤʥʽʩʪʴè; RDR ï ʨʘʜ̔ʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʝʥʘ ʚʠʣʢʘ ï ʨʦʙʦʯʘ ʻʤʥʽʩʪʴè; 

REA ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʝʥʘ ʚʠʣʢʘ ï ʚʝʜʝʥʠʡ ʚʘʣè; RER ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ 

ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʝʥʘ ʚʠʣʢʘ ï ʚʝʜʝʥʠʡ ʚʘʣè; RFA ï ʦʩʴʦʚʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ 

çʚʝʜʝʥʠʡ ʚʘʣ ï ʩʪʘʥʠʥʘè; RFR ï ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʘʢʮʽʾ ʚ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʚʝʜʝʥʠʡ ʚʘʣ ï ʩʪʘʥʠʥʘè; RGA, 
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RGR ï ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʽʡ ʧʘʨʽ çʰʘʪʫʥ ï ʨʦʙʦʯʘ ʻʤʥʽʩʪʴè. 

ʋ ʪʘʙʣʠʮʽ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʠʟʥʘʯʝʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ 

ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ, ʘ ʪʘʢʦʞ 

ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʙʘʟʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʝʬʽʮʽʻʥʪʫ ŭ=1. 

 

ʊʘʙʣʠʮʷ 2 

 ʂʦʝʬʽʮʽʻʥʪ ɚ, ɦ ʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʚʽʜʥʦʰʝʥʥʷ lʈɭ+ɼʈʃ / lɺ 

1,0 1,2 1,4 1,6 
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RAA, [ʅ] 88 151 430 455 

RFA, [ʅ] 68 162 430 420 

RAR, [ʅ] 405 481 601 669 

RFR, [ʅ] 608 458 994 1563 

RBA, [ʅ] 198 122 171 235 

REA, [ʅ] 124 120 210 345 

RBR, [ʅ] 294 375 459 811 

RER, [ʅ] 545 459 1035 1588 

RCA, [ʅ] 95 118 272 490 

RDA, [ʅ] 194 130 170 300 

RCR, [ʅ] 325 408 769 1685 

RDR, [ʅ] 342 294 700 1200 

RGɸ, [ʅ] ----- 275 579 745 

RGR, [ʅ] ----- 127 182 297 

 

ʅʘ ʦʩʥʦʚʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣʠʮʽ 2 ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ, ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ, 

ʟʘʣʝʞʥʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʚʜ̔ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3 (ʦʩʴʦʚʽ ʩʢʣʘʜʦʚʽ ʨʝʘʢʮʽʡ) ʪʘ ʨʠʩ. 4 (ʨʘʜʽʘʣʴʥʽ ʩʢʣʘʜʦʚʽ 

ʨʝʘʢʮʽʡ). 

 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʦʩʴʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟ ʜʦʜʘʪʢʦʚʦʶ ʨʫʭʦʤʦʶ ʣʘʥʢʦʶ ʰʘʪʫʥʦʤ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʦʙʝʨʪʘʣʴʥʫ ʪʘ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʽ ʧʘʨʠ ʚʽʜ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ 

 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʜʘʥʽ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 2, ʘ ʪʘʢʦʞ ʻ ʛʨʘʬʽʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʨʠʩ. 3 ʪʘ ʨʠʩ. 4 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ŭ =1,2 ʨʝʘʢʮʽʷ RFA ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʘʢʮʽʾ ʫ çʙʘʟʦʚʽʡè ʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʰʠʥʠ ʟʙʽʣʴʰʠʣʘʩʷ ʫ 2,4 ʨʘʟʠ, ʘ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʨʝʘʢʮʽʡ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʫʤʽʚ ʨʝʘʢʮʽʡ ʫ çʙʘʟʦʚʽʡè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʠʣʦʩʷ. 

ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʦʤ ŭ =1,4, ʙʽʣʴʰʽʩʪʴ ʨʝʘʢʮʽʡ ʚ ʫʩʽʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʝʨʝʚʠʱʠʣʠ 

ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ, ʨʝʘʢʮʽʷ RFA ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʨʝʘʢʮʽʾ ʫ çʙʘʟʦʚʽʡè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʙʽʣʴʰʠʣʘʩʷ ʫ 6,3 ʨʘʟʠ. ʃʠʰʝ ʨʝʘʢʮʽʾ RBA ʪʘ RDA ʚʩʝ 

ʱʝ ʟʘʣʠʰʘʣʠʩʷ ʤʝʥʰʠʤʠ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʜʦʚʞʠʥʠ ʨʦʙʦʯʦʾ ʻʤʥʦʩʪʽ ʪʘ ʰʘʪʫʥʘ (ŭ >1,6), 

ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʚ ʫʩʽʭ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʧʝʨʝʚʠʱʠʣʠ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ 

çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. 

ʅʘ ʦʩʥʦʚʽ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ, ʙʫʚ ʟʨʦʙʣʝʥʠʡ ʚʠʩʥʦʚʦʢ, ʱʦ 

ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ, ʚ ʷʢʽʡ ʚʝʜʝʥʘ ʚʠʣʢʘ ʟôʻʜʥʘʥʘ ʟ ʨʦʙʦʯʦʶ ʻʤʥʽʩʪʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ 4-ʛʦ 

ʢʣʘʩʫ, ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʝʞʘʭ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ=[1,0 ï 1,3]. 
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ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʰʠʥ, 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ ʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʨʘʜʽʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ, ʧʨʠ ʢʦʝʬʽʮʽʻʥʪʽ ŭ=1,2 ʟʤʝʥʰʠʣʠʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʽʜʙʫʣʦʩʷ ʾʭ ʧʦʜʘʣʴʰʝ ʨʽʟʢʝ 

ʟʙʽʣʴʰʝʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʩʢʣʘʜʦʚʠʭ ʨʝʘʢʮʽʡ ʟʘʣʠʰʘʣʠʩʷ ʤʘʡʞʝ ʩʪʘʣʠʤʠ ʚ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥʠ 

ʢʦʝʬʽʮʽʻʥʪʫ ŭ=[1,0 ï 1,3], ʜʘʣʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʞʝ ʙʽʣʴʰ ʟʥʘʯʥʠʡ ʾʭ ʧʨʠʨʽʩʪ. 

 

ɺʠʩʥʦʚʢʠ 

ɺʠʢʦʥʘʥʦ ʩʠʣʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʫʩʽʭ ʦʙʝʨʪʘʣʴʥʠʭ ʪʘ ʧʦʩʪʫʧʘʣʴʥʽʡ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʟ ʨʦʙʦʯʦʶ ʻʤʢʽʩʪʶ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʪʘ ʟʤʽʥʥʠʤ 

ʦʙôʻʤʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉɸʇʈ SolidWorks. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ ʩʫʤʠ ʤʽʞʦʩʴʦʚʠʭ ʚʽʜʩʪʘʥʝʡ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʨʫʭʦʤʦʾ ʣʘʥʢʠ ʰʘʪʫʥʘ ʜʦ ʻʤʢʦʩʪʽ ʜʦ ʤʽʞʦʩʴʦʚʦʾ ʚʽʜʩʪʘʥʽ ʚʝʜʫʯʦʾ (ʚʝʜʝʥʦʾ) 

ʚʠʣʢʠ ʤʘʰʠʥʠ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ ʤʘʰʠʥʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʜʽʘʧʘʟʦʥʽ 

ʟʤʽʥʠ ʢʦʝʬʽʮʽʻʥʪʫ ŭ=[1,0 ï 1,3]. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ŭ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʨʝʘʢʮʽʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʨʝʘʢʮʽʡ ʚ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨʘʭ 

çʙʘʟʦʚʦʾè ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ. 
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̐́̑́̍̆̓̑̉ ̖̏̂̏ ̖̒̉̎̓̆̈̏̃́̎̉ ̨̈̑́̈̋̃ :Î/ ̅̏̂̑̆ ̟̝̠̔̈̄̏̅̇̔̓̒ ̨̈ ̒̓́̎̅́̑̓̎̉̍̉ ̨̈̃̓̎̉̍̉ ̅́̎̉̍̉ ɉ*#0$3 χϊ-
υψωυɊȢ ˑ̨̏̒̌̅̇̆̎̏ ̃̐̌̉̃ ̖̏̂̑́̎̉ ̨̐̑̆̋̔̑̒̏̑̃ ̎́ ̋̏̎̒̓́̎̓̉ ̨̙̑̆̓̋̉ȟ ̏̂ȭ̤̍ ̩̆̌̆̍̆̎̓́̑̎̏ ̨̋̏̍̑̋̉ȟ ̅̏̃̇̉̎̔ ̈̃ȭ̠̈̋̔ 
Znɀ/ ̓́ ̨̨̘̝̋̑̉̒̓́̌̎̒̓ ̖̒̉̎̓̆̈̏̃́̎̉ ̨̈̑́̈̋̃ :Î/Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̈̑́̈̏̋ȟ ̏̓̑̉̍́̎̉̊ ̈ ̐̑̆̋̔̑̒̏̑̔ ̗̉̎̋̔ 
̗́̆̓́̓̔ ̨̅̉̄̅̑́̓̔ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̨̨̟̃̅̒̔̓̎̒̓ ̨̙̅̏̍̏̋ ̓́ ̨̝̙̂̌ ̟̃̉̒̏̋̏ ̨̨̘̟̋̑̉̒̓́̌̎̒̓ ɉύχϻɊȟ ̔ 
̨̨̠̐̏̑̃̎̎̎ ̨̈ ̈̑́̈̋̏̍ȟ ̒̉̎̓̆̈̏̃́̎̉̍ ̈ ̗̉̎̋̔ ̖̌̏̑̉̅̔ȟ ̨̨̘̝̋̑̉̒̓́̌̎̒̓ ̠̋̏̄̏ ̝̒̓́̎̏̃̉̓ όϊϻȢ ˝̝̆̈̔̌̓́̓̉ 
̨̠̅̏̒̌̅̇̆̎̎ ̟̝̍́̓ ̘̐̑́̋̓̉̎̆ ̘̠̈̎́̆̎̎ ̠̅̌ ̐̑̏̒̓̏̄̏ ̒̉̎̓̆̈̔ ̖̎́̎̏̅̉̒̐̆̑̒̎̉ ̏̑̍̕ :Î/ ̨ ̩̖ ̍̏̇̌̉̃̏̄̏ 
̠̈́̒̓̏̒̔̃́̎̎ ̃ ̨̠̏̐̏̑̅̇̆̎̎ ̟̓̆̋̒̓̉̌Ȣ 
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STUDY OF THE EFFECT OF PRECURSORS ON THE STRUCTURAL CHARACTER ISTICS OF SYNTHETIZE D 
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In this work, zinc oxide (ZnO) nanoparticles were obtained by direct precipitation method in aqueous solution using two different 
precursors ɂ zinc acetate dihydrate and zinc chloride ɂ under the same synthesis conditions. The effect of the selected precursors on the 
structural parameters of each synthesized sample was evaluated using X-ray diffraction (XRD) analysis. The results of the analysis 
demonstrate the synthesized ZnO phase with a hexagonal wurtzite structure and the average crystallite size of 28 nm for both studied 
samples. Based on the XRD data, the interplanar spacing, crystallite size, dislocation density, and micro strain were determined for different 
crystallographic planes. Analysis of the obtained values shows slight differences in the formed crystalline materials depending on the used 
precursor. The calculated structural parameters of the synthesized ZnO nanoparticles are in good agreement with the standard reported 
data (JCPDS 36-1451). The effect of selected precursors on the lattice constants, unit cell volume, ZnɀO bond length, and crystallinity of 
synthesized ZnO samples was studied. It was established that the sample obtained from the zinc acetate dihydrate precursor is characterized 
by the absence of impurities and higher crystallinity (93%) compared to the sample synthesized from zinc chloride, the crystallinity of which 
is 86%. The results are of practical value for simple synthesis of nano dispersed forms of ZnO and its possible application in textile finishing. 

Keywords: zinc oxide, nanoparticles, zinc acetate dihydrate, zinc chloride, XRD analysis. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʅʘʥʦʯʘʩʪʠʥʢʠ ʦʢʩʠʜʫ ʮʠʥʢʫ (ZnO) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʠʡ, ʝʢʦʥʦʤʽʯʥʠʡ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʚʝʨʪʘʻ ʫʚʘʛʫ ʥʘʫʢʦʚʮʽʚ ʚ ʛʘʣʫʟʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO ʫ ʪʝʢʩʪʠʣʴʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ, 

ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʣʝʢʩ ʩʧʝʮʽʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʢʘʥʠʥ ʧʦʨʷʜ ʟ ʙʽʦʩʫʤʽʩʥʽʩʪʶ ʽ 
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ʙʝʟʧʝʯʥʽʩʪʶ ʜʣʷ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʇʽʜʚʠʱʝʥʘ ʧʦʪʨʝʙʘ ʚ ʽʥʥʦʚʘʮʽʷʭ ʫ ʪʝʭʥʦʣʦʛʽʷʭ ʦʧʦʨʷʜʞʝʥʥʷ 

ʪʝʢʩʪʠʣʶ ʦʙʫʤʦʚʣʶʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʰʫʢʫ ʧʨʦʩʪʦʛʦ ʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ZnO. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ʅʘʥʦʯʘʩʪʠʥʢʠ ZnO ʤʦʞʫʪʴ ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʪʨʘʜʠʮʽʡʥʠʡ ʪʚʝʨʜʦʬʘʟʥʠʡ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʡ ʤʝʪʦʜ, ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ, ʟʦʣʴ-ʛʝʣʴ ʩʠʥʪʝʟ ʽ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʤʝʪʦʜ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʤʝʪʦʜʽʚ ʦʜʝʨʞʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʦʢʨʦʤʫ ʭʽʤʽʯʥʦʤʫ 

ʤʝʪʦʜʽ, ʧʨʠ ʷʢʦʤʫ ʨʝʛʫʣʶʶʪʴʩʷ ʫʤʦʚʠ ʩʠʥʪʝʟʫ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ ʢʽʣʴʢʘ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫ, ʨʦʟʤʽʨ ʪʘ ʦʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO. ʌʘʢʪʦʨʘʤʠ ʻ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʧʨʝʢʫʨʩʦʨʽʚ [1], ʪʝʤʧʝʨʘʪʫʨʘ [2, 3], ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ [4, 5], ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʝʛʫʶʯʠʭ ʜʦʙʘʚʦʢ [6], ʨʦʟʯʠʥʥʝ ʩʝʨʝʜʦʚʠʱʝ [7] ʪʘ ʨʅ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. ʋ ʪʦʡ ʞʝ ʯʘʩ ʚʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʦʯʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢ ʘʥʪʠʙʘʢʪʝʨʽʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ [8], ʩʪʨʫʢʪʫʨʥʘ [9] ʪʘ 

ʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ [10] ʜʣʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʝʨʝʚʘʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO, ʥʘʩʘʤʧʝʨʝʜ, ʷʢ ʧʨʦʪʠʤʽʢʨʦʙʥʠʭ ʟʘʩʦʙʽʚ ʻ ʾʭ ʟʥʘʯʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʱʦʜʦ ʨʝʟʠʩʪʝʥʪʥʠʭ ʰʪʘʤʽʚ ʤʽʢʨʦʙʥʠʭ ʟʙʫʜʥʠʢʽʚ, ʥʠʟʴʢʘ ʪʦʢʩʠʯʥʽʩʪʴ ʽ ʪʝʨʤʦʩʪʽʡʢʽʩʪʴ. ʂʨʽʤ 

ʪʦʛʦ, ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO ʚʠʷʚʣʷʻ ʩʠʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ. 

ʇʦʩʪʽʡʥʦ ʟʨʦʩʪʘʶʯʠʡ ʽʥʪʝʨʝʩ ʜʦ ʥʘʥʦʩʪʨʫʢʪʫʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ZnO ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʾʭ ʦʪʨʠʤʘʥʥʷ. ɿ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʚʠʨʽʰʠʪʠ 

ʮʶ ʟʘʜʘʯʫ ʤʦʞʥʘ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ ʩʠʥʪʝʟʫ ʟ ʧʦʛʣʷʜʫ ʩʢʦʨʦʯʝʥʥʷ 

ʯʘʩʫ ʧʨʦʮʝʩʫ, ʚʠʜʘʣʝʥʥʷ ʘʙʦ ʤʽʥʽʤʽʟʘʮʽʾ ʩʪʘʙʽʣʽʟʫʶʯʠʭ ʜʦʙʘʚʦʢ ʽ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

ʋ ʥʘʰʠʭ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [11] ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʠʥʪʝʟʫ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʦʩʘʜʞʝʥʥʷ ʽʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʢʨʠʩʪʘʣʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ. 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʙʨʘʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʥʘ ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʚʘ ʧʨʝʢʫʨʩʦʨʠ ï ʮʠʥʢʫ ʘʮʝʪʘʪ ʜʠʛʽʜʨʘʪ (Zn(CH3COO)2Ŀ2H2O) ʪʘ ʮʠʥʢʫ ʭʣʦʨʠʜ (ZnCl2) ï ʤʘʣʠ 

ʢʚʘʣʽʬʽʢʘʮʽʶ ʯ.ʜ.ʘ. ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʝʟ ʜʦʜʘʪʢʦʚʦʛʦ ʦʯʠʱʝʥʥʷ. ʅʘʥʦʯʘʩʪʠʥʢʠ ZnO 

ʩʠʥʪʝʟʦʚʘʥʽ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ ʚʦʜʥʦʤʫ ʨʦʟʯʠʥʽ [11] ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʟ ʥʘʩʪʫʧʥʠʤ 

ʧʨʦʞʘʨʶʚʘʥʥʷʤ. 

ʂʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ ʪʘ ʩʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO 

ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʦʛʨʘʬʽʾ (Bruker D8 ADVANCE, ʅʽʤʝʯʯʠʥʘ, CuKŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). 

ʇʽʢʠ ʨʝʥʪʛʝʥʦʛʨʘʤ ʧʦʨʽʚʥʶʚʘʣʠ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʦʩʪʫʧʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ. 

ʆʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ Origin 2021b ʪʘ Excel 2019. 

ʇʦʨʦʰʢʦʚʽ ʨʝʥʪʛʝʥʦʛʨʘʤʠ ʟʨʘʟʢʽʚ ZnO, ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʧʨʝʢʫʨʩʦʨʽʚ Zn(CH3COO)2Ŀ2H2O ʽ ZnCl2, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. 

 
ʘ) 
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ʙ) 

ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO: 

ʘ) ʧʨʝʢʫʨʩʦʨ Zn(CH3COO)2Ŀ2H2O; 

ʙ) ʧʨʝʢʫʨʩʦʨ ZnCl2 

 

ʅʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ (ʨʠʩ. 1) ʦʙʦʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ, 

ʚʽʜʧʦʚʽʜʥʽ ʚʽʜʦʙʨʘʞʝʥʥʶ ʚʽʜ (100), (002), (101), (102), (110), (103), (200), (112) ʪʘ (201) ʧʣʦʱʠʥ ʢʨʠʩʪʘʣʘ, ʱʦ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʧʽʢʘʤʠ XRD ʦʙôʻʤʥʦʛʦ ZnO, ʟʘʟʥʘʯʝʥʠʤʠ ʫ ʢʘʨʪʮʽ JCPDS (ʆʙôʻʜʥʘʥʠʡ 

ʢʦʤʽʪʝʪ ʽʟ ʩʪʘʥʜʘʨʪʽʚ ʧʦʨʦʰʢʦʚʦʾ ʜʠʬʨʘʢʮʽʾ) ʥʦʤʝʨ: 36-1451, ʪʘ ʚʢʘʟʫʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ZnO ʽʟ ʛʝʢʩʘʛʦʥʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʚʶʨʮʠʪʫ. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʟʤʽʥʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʨʝʢʫʨʩʦʨʫ. 

ɹʽʣʴʰ ʛʦʩʪʨʽ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʟʨʘʟʢʘ ZnO, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ʧʨʝʢʫʨʩʦʨʫ Zn(CH3COO)2Ŀ2H2O (ʨʠʩ. 1 ʘ), 

ʚʢʘʟʫʶʪʴ ʥʘ ʙʽʣʴʰʫ ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʯʘʩʪʠʥʦʢ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʨʘʟʢʦʤ, ʦʪʨʠʤʘʥʠʤ ʟ ʧʨʝʢʫʨʩʦʨʫ ZnCl2 (ʨʠʩ. 1 

ʙ). ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʝʨʰʦʛʦ ʟʨʘʟʢʘ, ʥʘʷʚʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʧʽʢʽʚ, ʢʨʽʤ ʭʘʨʘʢʪʝʨʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ZnO, ʥʘ 

ʨʝʥʪʛʝʥʦʛʨʘʤʽ ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ZnCl2 ʟʨʘʟʢʘ ZnO ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʧʨʠʩʫʪʥʽʩʪʴ ʫ ʥʴʦʤʫ ʜʦʤʽʰʦʢ. 

ɿ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ 

ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ. 

ʄʽʞʧʣʦʱʠʥʥʘ ʚʽʜʩʪʘʥʴ (dhkl), ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʤʠ ʧʣʦʱʠʥʘʤʠ, ʫʪʚʦʨʝʥʠʤʠ ʦʢʨʝʤʠʤʠ ʦʩʝʨʝʜʢʘʤʠ ʚ ʩʪʨʫʢʪʫʨʽ ʨʝʰʽʪʢʠ, ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ 

ʜʣʷ ʨʽʟʥʠʭ (hkl) ʧʣʦʱʠʥ ʟʘ ʨʽʚʥʷʥʥʷʤ ɹʨʝʛʛʘ (1): 

2 ,
hkl

n d sinl q=  (1) 

ʜʝ n ï ʧʦʨʷʜʦʢ ʜʠʬʨʘʢʮʽʾ (n = 1). 

ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʦʮʽʥʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ ʐʝʨʨʝʨʘ (2): 

,
K

D
co s

l

b q
=  (2) 

ʜʝ D ï ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʫ, K ï ʧʦʩʪʽʡʥʘ ʐʝʨʨʝʨʘ (0,89), ɚ ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (0,15406 ʥʤ), ɗ ï ʢʫʪ ʙʨʝʛʛʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ, ɓ ï ʧʦʚʥʘ ʰʠʨʠʥʘ ʥʘ ʧʽʚʚʠʩʦʪʽ (FWHM) 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʧʽʢʫ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʚʦʜʠʣʠ ʘʧʨʦʢʩʠʤʘʮʽʶ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʬʫʥʢʮʽʻʶ ɻʘʫʩʘ. 

ʑʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ (ŭ), ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʫ ʟʨʘʟʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʜʦʚʞʠʥʘ ʣʽʥʽʡ 

ʜʠʩʣʦʢʘʮʽʡ ʚ ʦʜʠʥʠʮʽ ʦʙôʻʤʫ ʢʨʠʩʪʘʣʘ ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʨʦʟʤʽʨʫ ʢʨʠʩʪʘʣʽʪʫ (D) ʟʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (3): 

2

1
.

D
d=  (3) 

ʄʽʢʨʦʜʝʬʦʨʤʘʮʽʷ (Ů) ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʨʝʰʽʪʢʠ ʧʦ ʚʩʴʦʤʫ 

ʟʨʘʟʢʫ ʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (4): 

.
4ta n

b
e

q
=  (4) 
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ʋʩʽ ʨʦʟʨʘʭʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʢʦʞʥʦʛʦ ʟʽ ʟʨʘʟʢʽʚ ZnO, 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʜʚʦʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʘʥʠʤʠ (JCPDS 36-1451), ʘ ʪʘʢʦʞ ʟʤʽʥʘ 

ʰʠʨʠʥʠ ʥʘ ʧʽʚʚʠʩʦʪʽ ʨʽʟʥʠʭ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 

ʉʪʨʫʢʪʫʨʥʽ ʧʘʨʘʤʝʪʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʜʣʷ ʚʽʜʧʦʚʽʜʥʠʭ (hkl) ʧʣʦʱʠʥ 

ˉ 
(hkl) 

ʧʣʦʱʠʥʠ 

2ɗ (ʛʨʘʜʫʩʠ) 
ʄʽʞʧʣʦʱʠʥʥʘ 

ʚʽʜʩʪʘʥʴ,dhkl (¡) 
FWHM 

(ʛʨʘʜʫʩʠ) 

ʈʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʫ, 

Dhkl (ʥʤ) 

ʑʽʣʴʥʽʩʪʴ 

ʜʠʩʣʦ-

ʢʘʮʽʡ, 

ŭĬ10-3 

(ʥʤ-2) 

ʄʽʢʨʦ-

ʜʝʬʦʨʤʘ-

ʮʽʷ, 

ŮĬ10-3 

ʉʪʘʥʜʘʨʪ 

(JCPDS 

36-1451) 

ʉʠʥʪʝʟʦ-

ʚʘʥʠʡ 

ʉʪʘʥʜʘʨʪ 

(JCPDS 

36-1451) 

ʉʠʥʪʝʟʦ-

ʚʘʥʠʡ 

ʧʨʝʢʫʨʩʦʨ Zn(CH3COO)2Ŀ2H2O 

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 

ʧʨʝʢʫʨʩʦʨ ZnCl2 

1 100 31,770 31,745 2,8143 2,8165 0,26391 30,948 1,044 4,050 

2 002 34,422 34,401 2,6033 2,6048 0,27018 30,438 1,079 3,808 

3 101 36,253 36,233 2,4759 2,4772 0,29678 27,852 1,289 3,958 

4 102 47,539 47,526 1,9111 1,9116 0,32607 26,325 1,443 3,231 

5 110 56,603 56,573 1,6247 1,6255 0,34807 25,631 1,522 2,822 

6 103 62,864 62,838 1,4771 1,4777 0,38119 24,150 1,715 2,723 

7 200 66,378 66,344 1,4071 1,4078 0,29704 31,597 1,002 1,983 

8 112 67,961 67,922 1,3782 1,3789 0,36887 25,678 1,517 2,390 

9 201 69,100 69,057 1,3582 1,3590 0,35513 26,852 1,387 2,252 

 

ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʦʪʨʠʤʘʥʠʭ ʨʝʥʪʛʝʥʦʛʨʘʤ (ʪʘʙʣ. 1) ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ (JCPDS 36-1451) ʧʦʢʘʟʫʶʪʴ, 

ʱʦ ʜʣʷ ʦʙʦʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʩʫʚʠ ʧʦʣʦʞʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʜʫʞʝ ʤʘʣʽ. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ ʤʽʞʧʣʦʱʠʥʥʦʾ ʚʽʜʩʪʘʥʽ (dhkl) ʜʣʷ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ 

(ʪʘʙʣ. 1) ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ ʦʙʦʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʩʪʘʥʜʘʨʪʥʽ ʟʥʘʯʝʥʥʷ dhkl 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝʟʥʘʯʥʦ. ʅʝʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ ʜʝʬʦʨʤʘʮʽʻʶ ʚ ʢʨʠʩʪʘʣʘʭ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʦʙʦʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʥʘʥʦʨʦʟʤʽʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʪʘʙʣ. 1). ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʨʦʟʤʽʨ ʢʨʠʩʪʘʣʽʪʫ ʻ ʨʦʟʤʽʨʦʤ ʢʦʛʝʨʝʥʪʥʦ 

ʜʠʬʨʘʛʫʶʯʦʛʦ ʜʦʤʝʥʫ ʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʜʠʩʣʦʢʘʮʽʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO ʜʫʞʝ ʤʘʣʘ (ʪʘʙʣ. 1). ʅʘʡʤʝʥʰʽ 

ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʜʠʩʣʦʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʤʽʢʨʦʜʝʬʦʨʤʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʨʝʰʽʪʦʢ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʧʽʢʽʚ ʟ 

ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʟʨʘʟʢʘ ZnO, ʩʠʥʪʝʟʦʚʘʥʦʛʦ ʟ ʧʨʝʢʫʨʩʦʨʫ Zn(CH3COO)2Ŀ2H2O. ɿʤʽʥʘ ʟʥʘʯʝʥʴ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʨʽʟʥʠʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ ʧʣʦʱʠʥ ʧʦʚôʷʟʘʥʘ ʟ ʘʥʽʟʦʪʨʦʧʽʻʶ ʟʨʦʩʪʘʥʥʷ ʢʨʠʩʪʘʣʽʚ. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʟʨʘʟʢʽʚ ZnO. ɺ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ZnO ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʧʦʚôʷʟʫʻ ʤʽʞʧʣʦʱʠʥʥʫ ʚʽʜʩʪʘʥʴ (dhkl) ʟ ʢʦʥʩʪʘʥʪʘʤʠ ʨʝʰʽʪʢʠ a, c ʪʘ ʽʥʜʝʢʩʘʤʠ 

ʄʽʣʣʝʨʘ h, k, l (5): 

 

2 2 2

2 2 2

1 4
.

3
h k l

h k h k l

d a c

å õ+ +
= +æ ö

ç ÷

 (5) 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʝʰʽʪʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO, ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʜʘʥʠʤʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ (JCPDS 36-1451), ʩʝʨʝʜʥʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2. 

ʉʝʨʝʜʥʽ ʨʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʪʽʚ (ʪʘʙʣ. 2) ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO, ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʤʝʪʦʜʦʤ ʐʝʨʨʝʨʘ, 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʠʞʥʶ ʤʝʞʫ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʠʥʢʠ ʯʘʩʪʦ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʫʧʯʝʥʥʷ 

ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʠʩʪʘʣʽʪʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʙʦʭ ʧʨʝʢʫʨʩʦʨʽʚ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʥʦʯʘʩʪʠʥʢʠ ZnO ʽʟ 

ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ ʙʣʠʟʴʢʦ 28 ʥʤ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʢʦʥʩʪʘʥʪʠ ʨʝʰʽʪʢʠ (ʪʘʙʣ. 2) ʢʨʠʩʪʘʣʽʪʽʚ ZnO, ʩʠʥʪʝʟʦʚʘʥʠʭ ʽʟ ʦʙʦʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʤʘʶʪʴ 

ʥʝʚʝʣʠʢʽ ʚʽʜʭʠʣʝʥʥʷ ʽ ʜʦʙʨʝ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟʽ ʩʪʘʥʜʘʨʪʥʠʤʠ ʟʚʽʪʥʠʤʠ ʜʘʥʠʤʠ (JCPDS 36-1451). ʅʘʡʙʣʠʞʯʠʡ 

ʜʦ ʝʪʘʣʦʥʫ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ V = 47,703 ¡3 ʚʽʜʧʦʚʽʜʘʻ ʟʨʘʟʢʫ, ʩʠʥʪʝʟʦʚʘʥʦʤʫ ʽʟ 

Zn(CH3COO)2Ŀ2H2O. ʈʦʟʨʘʭʫʥʢʦʚʘ ʜʦʚʞʠʥʘ ʟʚôʷʟʢʫ ZnïO ʚ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 19 

ʩʪʘʥʦʚʠʪʴ 1,9789 ¡ ʽ 1,9792 ¡ ʜʣʷ ʧʨʝʢʫʨʩʦʨʽʚ Zn(CH3COO)2Ŀ2H2O ʽ ZnCl2 ʚʽʜʧʦʚʽʜʥʦ. 

ʅʘʡʙʽʣʴʰʘ ʨʽʟʥʠʮʷ ʤʽʞ ʜʦʩʣʽʜʞʫʚʘʥʠʤʠ ʟʨʘʟʢʘʤʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʢʨʠʩʪʘʣʽʯʥʦʩʪʽ (ʪʘʙʣ. 2), ʷʢʫ 

ʚʠʟʥʘʯʘʣʠ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʧʣʦʱʽ ʢʨʠʩʪʘʣʽʯʥʠʭ ʦʙʣʘʩʪʝʡ ʜʦ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ ʘʤʦʨʬʥʠʭ ʪʘ ʢʨʠʩʪʘʣʽʯʥʠʭ 

ʦʙʣʘʩʪʝʡ ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ. ʇʦʨʦʰʦʢ ZnO, ʩʠʥʪʝʟʦʚʘʥʠʡ ʽʟ ʧʨʝʢʫʨʩʦʨʫ ZnCl2, ʧʦʢʘʟʫʻ ʥʘ 7,5% ʤʝʥʰʫ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ, ʥʽʞ ʟʨʘʟʦʢ, ʦʪʨʠʤʘʥʠʡ ʽʟ ʧʨʝʢʫʨʩʦʨʫ Zn(CH3COO)2Ŀ2H2O. 

 

ʊʘʙʣʠʮʷ 2 

ɿʘʛʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʪʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ZnO 

ɿʨʘʟʦʢ 

ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ 

ʢʨʠʩʪʘʣʽʪʽʚ, 

D (ʥʤ) 

ʂʦʥʩʪʘʥʪʠ ʨʝʰʽʪʢʠ ʆʙôʻʤ 

ʝʣʝʤʝʥʪʘʨ

ʥʦʾ 

ʢʦʤʽʨʢʠ 

(¡3) 

ɼʦʚʞʠʥʘ 

ʟʚôʷʟʢʫ  

ZnïO (¡) 

ʂʨʠʩʪʘʣʽʯ

ʥʽʩʪʴ (%) a (¡) c (¡) c/a (¡) 

ʉʪʘʥʜʘʨʪ  

(JCPDS 36-1451) 
ï 3,2488 5,2066 1,6020 47,630 ï ï 

ʉʠʥʪʝʟʦ

-ʚʘʥʠʡ 

ʟ ʘʮʝʪʘʪʫ 28,139 3,2516 5,20996 1,6023 47,703 1,9789 93,02 

ʟ ʭʣʦʨʠʜʫ 27,719 3,2522 5,2096 1,6019 47,717 1,9792 85,51 

 

ɺʠʩʥʦʚʢʠ 

ʋ ʨʦʙʦʪʽ ʩʠʥʪʝʟʦʚʘʥʦ ʥʘʥʦʯʘʩʪʠʥʢʠ ZnO ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ (Zn(CH3COO)2Ŀ2H2O ʪʘ ZnCl2) 

ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʦʩʘʜʞʝʥʥʷ ʟʘ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ 

ʟʨʘʟʢʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʥʘʥʦʯʘʩʪʠʥʢʠ ZnO ʩʬʦʨʤʫʚʘʣʠʩʷ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ 

ʚʶʨʮʠʪʫ ʽʟ ʩʝʨʝʜʥʽʤ ʨʦʟʤʽʨʦʤ ʢʨʠʩʪʘʣʽʪʽʚ 28 ʥʤ. ɺʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʢʨʠʩʪʘʣʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʽʜ ʪʠʧʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ ʧʦʢʘʟʫʻ, ʱʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʢʫʨʩʦʨʫ Zn(CH3COO)2Ŀ2H2O ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʽʣʴʥʽ ʚʽʜ ʜʦʤʽʰʦʢ ʥʘʥʦʯʘʩʪʠʥʢʠ ZnO ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʢʨʠʩʪʘʣʽʯʥʽʩʪʶ, ʥʽʞ ʫ ʚʠʧʘʜʢʫ ZnCl2, ʟʘ ʦʙʨʘʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ. ɼʘʥʠʡ ʤʝʪʦʜ ʩʠʥʪʝʟʫ 

ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ZnO ʚ ʪʝʭʥʦʣʦʛʽʷʭ 

ʦʧʦʨʷʜʞʝʥʥʷ ʪʝʢʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 
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ʈʆɿʈʆɹʂɸ ʂʆʃɽʂʎɯɰ ɾɯʅʆʏʀʍ ʃɽɻʂʀʍ ʉʋʂʆʅʔ ɿ ʋʈɸʍʋɺɸʅʅʗʄ 

ʆʉʆɹʃʀɺʆʉʊɽʁ ʌɯɻʋʈʀ ɿɸʄʆɺʅʀʂɸ 
 
ˏ̠̉̋̏̑̉̒̓́̎̎ ̘̖̋̌́̒̉̎̉ ̘̖̋̏̌̏̑̉̒̓̉̎̉ ̨ ̖̋̏̎̒̓̑̔̋̓̉̃̎̉ ̨̙̝̑̆̎ ̐̑̉ ̨̗̑̏̈̑̏̂ ̘̖̒̔́̒̎̉ ̍̏̅̆̌̆̊ 

̨̘̇̎̏̏̄̏ ̠̏̅̄̔ ̃ ̨̒̓̉̌ Ⱥ̑̆̓̑̏Ȼ ̤̐̑̉̃̆̑̓́ ̔̃́̄̔ ̨̨̖̗́̃̃̕ ̩̍̏̅̎̏ ̨̨̩̎̅̔̒̓̑ȟ ̨̝̏̒̋̌̋̉ ̍̏̅́ ̘́̒ ̨̃̅ ̘́̒̔ 
̤̝̠̐̏̃̆̑̓́̓̒ ̔ ̙̎́̆ ̨̝̒̔̒̐̌̒̓̃̏ ̈́ ̖̑́̔̎̏̋ ̠̒̓̃̏̑̆̎̎ ̨̖̒̓̉̌̈̏̃́̎̉ ̍̏̅̆̌̆̊ ̨̃̉̑̏̂̃  ̈ ̐̏̒̉̌̏̍ ̅̏ ̖̍̉̎̔̌̉ φτɀ
70-̖ ̨̑̏̋̃ȟ ̤̝̠̐̑̏̒̓̆̇̔̓̒ ̗̟̌́̎̇̋̏̍ ̖̋̏̎̋̑̆̓̎̉ ̨̅̊ ̨̃̅ Ⱥ̠̎́̑̏̅̇̆̎̎Ȼ ̨̩̅̆ ̨ ̠̒̓̃̏̑̆̎̎ ̘̓̃̏̑̏̄̏ ̅̇̆̑̆̌́ ̅̏ 
̠̃̉̋̏̎́̎̎ ̨̆̒̋̈̎̏̄̏ ̤̐̑̏̋̓̔  ̈ ̨̐̅̂̏̑̏̍ ̨̨̍́̓̆̑́̌̃ ̓́ ̨́̋̒̆̒̔́̑̃ ̨ ̝̩̅̆̓́̌̎̏ ̑̏̈̑̏̂̋̉ ̨̗̩̋̏̎̒̓̑̔̋ ̨̃̉̑̏̂̃ 
̨̗̩̋̏̌̆̋Ȣ ˏ ̨̒̓́̓̓  ̨̅̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̠̒̓̃̏̑̆̎̎ ́̒̏̑̓̉̍̆̎̓̔ ̘̖̒̔́̒̎̉ ̝̒̔̋̏̎ ̈ ̨̖̑̈̎̉  
̨̨̍́̓̆̑́̌̃ȟ ̈ ̖̠̔̑́̔̃́̎̎̍ ̏̒̏̂̌̉̃̏̒̓̆̊ ̨̄̔̑̉̕ ̈́̍̏̃̎̉̋́ ̨ ̝̃̐̏̅̏̂́̎ ̘̒̐̏̇̉̃́́Ȣ ˜̨̑̏́̎́̌̈̏̃́̎̏ ̓̉̐̉ ̨̄̔̑̕ 
̨̘̇̎̏̏̄̏ ̨̓̌́Ȣ 

ˏ ̨̒̓́̓̓  ̨̅̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̠̒̓̃̏̑̆̎̎ ́̒̏̑̓̉̍̆̎̓̔ ̘̒̔́̒̎̏̄̏ ̠̏̅̄̔  ̠̅̌ ̨̇̎̏̋ 
̨̑̈̎̏̄̏ ̘̠̐̑̉̈̎́̆̎̎ȟ ̨̗̋̏̎̒̓̑̔̋̊ ̓́ ̨̨̍́̓̆̑́̌̃Ȣ ˑ̨̏̒̌̅̇̆̎̏ ̨ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̠̐̉̓́̎̎ ̨̋̏̎̒̓̑̔̋̓̉̃̈̍̔ ̃ 
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DEVELOPMENT OF A COL LECTION OF WOMEN'S L IGHT DRESSES TAKING INTO ACCOUNT THE 

CHARACTERISTICS OF TH E CUSTOMER'S FIGURE 
 

The use of classic color and design solutions in the development of modern models of women's clothing in the "retro" style attracts 
the attention of fashion industry specialists, since fashion occasionally returns to our society due to the creation of stylized models of 
products with a reference to the past times of the 1920ɀ1970. is traced by a chain of specific actions from the "birth" of an idea and the 
creation of a creative source to the execution of a sketch project with the selection of materials and accessories and the detailed development 
of the design of the products of the collection. The article researched and analyzed the issue of creating an assortment of modern dresses 
from different materials, taking into account the features of the customer's figure and consumer preferences. The types of female body shapes 
were analyzed. The article researched and analyzed the issue of creating an assortment of modern clothes for women of various purposes, 
designs and materials. The issue of constructivism in clothing design was investigated and analyzed. An analysis of Ukrainian brands of 
clothing manufacturers was carried out with the help of Google surveys of consumers of different age groups. The expediency of this 
development has been theoretically proven. 

The results of marketing research on the possibility of using bold constructive ideas and color solutions in women's clothing in the 
"retro" style are given. A sketch project, 3D models of the range of the clothing collection of the women's range group have been developed. 
Design and technological documentation for products has been developed. An industrial sample of a light dress of the women's range of the 
developed collection was produced. The development was introduced into production at the FOP "A-style", Berdychiv. The expediency of this 
development has been proven theoretically and experimentally. 

Key words: assortment, figure type, design, manufacturability of the model, research, demand, product. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʠʟʘʡʥ ï ʮʝ ʩʬʝʨʘ ʪʚʦʨʯʦʩʪʽ, ʧʦʚôʷʟʘʥʘ ʟ ʩʦʮʽʘʣʴʥʠʤʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʪʘ ʝʩʪʝʪʠʯʥʠʤʠ 

ʧʨʦʙʣʝʤʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʧʨʝʜʤʝʪʥʦ-ʧʨʦʩʪʦʨʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʜʥʘ ʟ ʚʘʞʣʠʚʠʭ ʦʙʣʘʩʪʝʡ ʫʪʚʦʨʝʥʥʷ ʩʪʠʣʶ, 

ʷʢʘ ʚʧʣʠʚʘʻ ʥʘ ʟʘʛʘʣʴʥʽ ʬʦʨʤʦʫʪʚʦʨʶʶʯʽ ʧʨʦʮʝʩʠ ʽ ʽʩʪʦʨʠʯʥʽ ʢʦʥʮʝʧʮʽʾ [1].  

ʆʩʥʦʚʦʶ ʚ ʧʨʦʬʝʩʽʾ ʜʠʟʘʡʥʝʨʘ ʻ ʧʨʦʙʣʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʪʚʦʨʯʦʾ ʦʩʦʙʠʩʪʦʩʪʽ, ʥʝʧʦʚʪʦʨʥʦʛʦ ʩʪʠʣʶ ʽ 

ʩʚʽʪʦʩʧʨʠʡʥʷʪʪʷ. ʉʘʤʝ ʮʽ ʯʠʥʥʠʢʠ ʦʙʫʤʦʚʣʶʶʪʴ ʽ ʬʦʨʤʫʶʪʴ ʩʧʝʢʪʨ ʪʚʦʨʯʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʚʯʝʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʠʪʘʥʴ ʱʦʜʦ ʪʽʣʦʩʢʣʘʜʝʥʴ ʣʶʜʠʥʠ, ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʚʠʨʦʙʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ ʧʝʚʥʠʭ 

ʧʽʜʭʦʜʽʚ ʽ ʢʦʥʮʝʧʮʽʡ ʱʦʜʦ ʧʦʰʫʢʫ ʢʨʝʘʪʠʚʥʦʾ ʽʜʝʾ, ʨʦʟʚʠʪʢʫ ʪʚʦʨʯʦʛʦ ʜʞʝʨʝʣʘ ʽ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 
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ʟʘʜʘʯʽ ʟʘ ʧʨʠʥʮʠʧʦʤ çʚʽʜ ʽʜʝʾ ʜʦ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫè [2ï5].  

ɯʩʪʦʨʠʯʥʠʡ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʫ ʩʫʩʧʽʣʴʩʪʚʽ ʤʘʥʫʬʘʢʪʫʨ, ʚʠʨʦʙʥʠʮʪʚ, ʪʝʭʥʦʣʦʛʽʡ ʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ 

ʧʨʦʛʨʝʩʫ ʚ ʮʽʣʦʤʫ ʜʦʟʚʦʣʠʚ ʣʶʜʷʤ ʩʪʚʦʨʠʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʝʣʠʢʦʾ ʽ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʦʜʷʛʪʠ ʣʶʜʝʡ, ʚʠʛʦʪʦʚʣʷʶʯʠ ʤʘʩʦʚʦ ʚʠʨʦʙʠ. ʆʜʥʘʢ ʚʞʝ ʩʴʦʛʦʜʥʽ ʤʠ ʤʘʻʤʦ ʧʦʪʨʝʙʫ ʥʝ ʩʪʽʣʴʢʠ ʫ ʢʽʣʴʢʦʩʪʽ 

ʚʠʨʦʙʽʚ, ʷʢ ʫ ʾʭ ʷʢʦʩʪʽ ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ. ʊʦʤʫ ʥʘ ʨʷʜʫ ʟ ʤʘʩʦʚʠʤ ʚʠʧʫʩʢʦʤ ʧʨʦʜʫʢʮʽʾ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʽ ʥʝ ʚʝʣʠʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʘʪʝʣʴʻ, ʜʠʟʘʡʥ ʩʪʫʜʽʡ ʪʘ ʤʘʡʩʪʝʨʥʽ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʚʠʨʦʙʽʚ ʛʘʣʫʟʽ. 

ʉʪʘʥʦʤ ʥʘ 2023 ʨʽʢ ʤʦʞʥʘ ʚʧʝʚʥʝʥʦ ʩʢʘʟʘʪʠ, ʱʦ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʪʘ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʨʦʙʠ 

ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʧʦʣʶʙʣʷʶʪʴ ʫʩʽ, ʦʜʥʘʢ ʻ ʽ ʩʝʛʤʝʥʪ ʦʜʷʛʦʚʠʭ ʚʠʨʦʙʽʚ ʧʝʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚʩʷʢʜʝʥʥʠʤ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʤʘʻ ʚʽʜʦʙʨʘʞʘʪʠ ʩʪʠʣʴ, ʩʤʘʢ ʽ ʚʧʦʜʦʙʘʥʥʷ ʥʦʩʽʷ [2ï5].  

ʉʴʦʛʦʜʥʽ ʤʠ ʤʘʻʤʦ ʩʫʯʘʩʥʽ ʢʣʘʩʠʯʥʽ ʽ ʥʝ ʪʠʧʦʚʽ ʜʣʷ ʛʘʣʫʟʽ ʤʘʪʝʨʽʘʣʠ, ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʥʘʜʩʫʯʘʩʥʝ ʽ ʧʨʦʛʨʝʩʠʚʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʚʪʽʣʠʪʠ ʫ ʞʠʪʪʷ ʧʨʘʢʪʠʯʥʦ ʫʩʽ ʩʤʽʣʠʚʽ ʽ ʢʨʝʘʪʠʚʥʽ ʽʜʝʾ 

ʜʠʟʘʡʥʝʨʘ ʪʘ ʟʘʤʦʚʥʠʢʘ. ʆʜʥʘʢ ʻ ʢʘʪʝʛʦʨʽʷ ʣʶʜʝʡ, ʷʢʘ ʩʭʠʣʷʻʪʴʩʷ ʜʦ ʧʦʪʨʝʙ ʫ ʚʠʨʦʙʘʭ ʢʣʘʩʠʯʥʦʛʦ ʜʠʟʘʡʥʫ 

ʯʠ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʤʝʥʪʽʚ çʨʝʪʨʦè ʩʪʠʣʶ. ɹʝʟʫʤʦʚʥʦ ʚʽʢ ʩʧʦʞʠʚʘʯʘ ʽ ʡʦʛʦ ʩʦʮʽʘʣʴʥʠʡ ʩʪʘʪʫʩ ʪʘ ʩʧʦʩʽʙ 

ʞʠʪʪʷ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʙʽʨ ʩʪʠʣʶ ʽ ʬʦʨʤʠ ʚʠʨʦʙʫ, ʦʜʥʘʢ ʤʨʽʾ ʽ ʙʘʞʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʨʝʘʣʴʥʦ ʷʩʢʨʘʚʠʤʠ ʚ 

ʢʦʞʥʦʛʦ ʟ ʥʘʩ. 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʣʝʢʮʽʾ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʽʚ ʣʝʛʢʦʛʦ ʦʜʷʛʫ, ʟʦʢʨʝʤʘ ʩʫʢʦʥʴ, ʾʭ ʝʩʪʝʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ 

ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʧʽʜʚʠʱʝʥʫ ʢʦʤʬʦʨʪʥʽʩʪʴ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ, ʧʨʠʡʥʷʪʥʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽ ʧʦʧʠʪ ʤʦʞʥʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʽ ʜʦʩʷʛʥʫʪʠ ʤʝʪʠ ʪʝʦʨʝʪʠʯʥʦ ʚʞʝ ʥʘ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʝʩʢʽʟʥʦʛʦ ʧʨʦʻʢʪʫ, ʧʨʦʚʽʚʰʠ ʥʠʟʢʫ 

ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʰʣʷʭʦʤ on-line ʦʧʠʪʫʚʘʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʯʠ ʽʥʰʠʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʪʫ 

[6, 7]. ɺ ʮʽʣʦʤʫ ʧʠʪʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʠʨʦʙʽʚ ʽ ʾʭ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʨʠʥʢʫ ʩʫʯʘʩʥʠʭ ʝʩʪʝʪʠʯʥʦ ʽ 

ʧʨʘʢʪʠʯʥʦ ʦʨʽʻʥʪʦʚʘʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʢʣʘʩʠʯʥʠʭ ʘʙʦ ʽʥʥʦʚʘʮʽʡʥʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʫʢʦʚʮʽʚ ʽ ʚʠʨʦʙʥʠʯʥʠʢʽʚ ʫʩʽʭ ʢʨʘʾʥ ʩʚʽʪʫ [8, 9]. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʦʟʨʦʙʢʦʶ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʜʷʛʫ, ʚʠʚʯʝʥʥʷʤ 

ʪʽʣʦʩʢʣʘʜʝʥʴ ʞʽʥʦʢ  ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʠʪʘʥʥʷ,  ʚʠʚʯʝʥʥʷʤ ʽ ʜʦʩʣʽʜʞʝʥʥʷʤ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʢʦʤʧʣʝʢʪʫʶʯʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ ʜʘʥʦʾ ʛʨʫʧʠ ʟʘʡʤʘʣʠʩʷ ʽ ʟʘʡʤʘʶʪʴʩʷ ʥʘʫʢʦʚʮʽ ʨʽʟʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ. 

ɺ ʋʢʨʘʾʥʽ, ʢʦʨʠʬʝʷʤʠ ʮʽʻʾ ʩʧʨʘʚʠ ʽ ʟʘʩʥʦʚʥʠʢʘʤʠ ʥʘʫʢʦʚʠʭ ʰʢʽʣ ʽ ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʻ 

ʧʨʦʬ. ʂʦʣʦʩʥʽʯʝʥʢʦ ʄ.ɺ, ʧʨʦʬ. ʅʽʢʦʣʘʻʚʘ ʃ.ɺ., ʧʨʦʬ. ʂʨʦʪʦʚʘ ʊ.ʌ., ʧʨʦʬ. ʇʘʰʢʝʚʠʯ ʂ.ʃ., ʧʨʦʬ. ʉʣʘʚʽʥʩʴʢʘ 

ɸ.ʃ., ʧʨʦʬ. ʏʫʧʨʽʥʘ ʅ., ʜʦʮ. ʆʩʪʘʧʝʥʢʦ ʅ.ʇ., ʽʥʰʽ [6, 7]. 

ʎʽ ʥʘʫʢʦʚʮʽ ʚʥʝʩʣʠ ʥʝʦʮʽʥʝʥʥʠʡ ʚʢʣʘʜ ʫ ʨʦʟʚʠʪʦʢ ʥʦʚʘʮʽʡ ʫ ʜʠʟʘʡʥʽ, ʢʦʥʩʪʨʫʶʚʘʥʥʽ, ʤʦʜʝʣʶʚʘʥʥʽ, 

ʪʝʭʥʦʣʦʛʽʾ  ʚʠʨʦʙʥʠʮʪʚʘ ʦʜʷʛʦʚʠʭ ʚʠʨʦʙʽʚ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʘʢ, ʧʨʦʬʝʩʦʨ ʂʦʣʦʩʥʽʯʝʥʢʦ ʄ.ɺ. ʟ ʛʨʫʧʦʶ ʥʘʫʢʦʚʮʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʏʫʧʨʽʥʘ ʅ.ʇ., ʜʦʮ. ʆʩʪʘʧʝʥʢʦ 

ʅ.ʇ., ʧʨʦʬ. ʂʨʦʪʦʚʘ ʊ.ʌ. ʧʨʦʪʷʛʦʤ ʩʚʦʻʾ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘʡʤʘʶʪʴʩʷ ʜʠʟʘʡʥʦʤ ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, 

ʧʠʪʘʥʥʷʤʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʬʦʨʤʠ ʚʠʨʦʙʫ, ʧʠʪʘʥʥʷʤʠ  ʢʦʣʦʨʠʩʪʠʢʠ; ʧʨʦʬʝʩʦʨ ɹʝʨʝʟʥʝʥʢʦ ʉ.ʄ. ʟ ʛʨʫʧʦʶ 

ʥʘʫʢʦʚʮʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʜʦʮ. ɹʽʣʦʮʴʢʘ ʃ.ɹ., ʧʨʦʬ. ɿʫʙʢʦʚʘ ʃ.ɯ. ʟʘʡʤʘʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʪʽʣʦʩʢʣʘʜʝʥʴ, 

ʧʽʜʣʽʪʢʽʚ, ʤʦʣʦʜʽ ʽ ʜʦʨʦʩʣʦʾ ʢʘʪʝʛʦʨʽʾ ʥʘʩʝʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʛʫʨ ʟʘ ʨʝʛʽʦʥʘʤʠ  ʤʝʰʢʘʥʥʷ 

ʣʶʜʠʥʠ; ʜʦʩʣʽʜʞʫʶʪʴ  ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʪʠʧʠ ʬʽʛʫʨ; ʧʨʘʮʶʶʪʴ  ʥʘʜ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ 

ʽ ʧʘʨʘʤʝʪʨʽʚ ʚʠʨʦʙʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʊʘʢʦʞ ʥʘʫʢʦʚʮʽ ʽ ʤʦʣʦʜʽ ʚʯʝʥʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ʇʘʰʢʝʚʠʯ 

ʂ.ʃ. ʟʘʡʤʘʣʠʩʴ ʜʦʩʣʽʜʞʝʥʥʷʤ ʧʠʪʘʥʴ ʝʨʛʦʥʦʤʽʢʠ ʢʦʩʪʶʤʫ, ʧʘʨʘʤʝʪʨʽʚ ʽ ʬʦʨʤ. ɯʥʰʽ ʚʯʝʥʽ ʪʘʢʽ ʷʢ ʧʨʦʬ. 

ʉʫʧʨʫʥ ʅ.ʇ., ʧʨʦʬ. ɻʘʣʘʚʩʴʢʘ ʃ.ɭ., ʜʦʮ. ɸʨʘʙʫʣʽ ʉ.ɯ. ʜʦʩʣʽʜʞʫʚʘʣʠ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʽ ʧʨʦʮʝʩʠ 

ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʜʷʛʫ [8, 9]. 

ɹʘʛʘʪʦ ʥʘʫʢʦʚʠʭ ʰʢʽʣ ʽ ʥʘʫʢʦʚʮʽʚ, ʷʢ ʥʘʧʨʠʢʣʘʜ ʇʦʧʦʚʘ ʅ.ɺ., ɸʣʴʦʰʢʦʚʘ ʉ.ʄ., ʆʤʝʣʴʯʝʥʢʦ ʅ.ʄ., 

ɺʦʡʯʘʢ ɸ.ɺ., ʄʘʣʴʯʝʥʢʦ ɺ.ʄ.  ʟʘʡʤʘʣʠʩʷ ʟʘ ʯʘʩ ʩʚʦʻʾ ʨʦʙʦʪʠ ʨʦʟʨʦʙʢʦʶ ʩʪʘʥʜʘʨʪʽʚ, ʥʦʨʤʘʪʠʚʥʠʭ ʙʘʟ, 

ʪʝʨʤʽʥʽʚ, ʷʢʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʧʦʯʘʪʢʽʚʮʽʚ ʫ ʚʠʚʯʝʥʥʽ ʧʝʚʥʠʭ ʧʠʪʘʥʴ [10, 11]. 

ɹʘʛʘʪʦ ʚʯʝʥʠʭ, ʷʢ ʥʘʧʨʠʢʣʘʜ ɹʘʙʠʯ ɸ.ɯ., ʇʦʧʦʚʘ ʃ.ɺ., ɻʝʣʝʚʠʯ ʖ.ɺ., ɻʨʠʥʝʚʠʯ ʊ.ʄ., ʉʪʦʷʥʦʚ ɯ.ʉ.  

ʽʥʰʽ ʟʘʡʤʘʣʠʩʴ  ʘʥʘʣʽʟʦʤ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʟ ʤʝʪʦʶ ʩʝʨʪʠʬʽʢʘʮʽʾ; 

ʜʦʩʣʽʜʞʝʥʥʷʤ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʥʠʪʢʦʚʠʭ ʰʚʽʚ ʧʨʠ ʩʢʨʽʧʣʝʥʥʽ ʜʝʪʘʣʝʡ ʚʠʨʦʙʽʚ. ʉʢʣʘʜʘʣʠ ʘʣʛʦʨʠʪʤʠ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʥʠʪʢʦʚʦʛʦ ʩʢʨʽʧʣʝʥʥʷ ʜʝʪʘʣʝʡ. ʇʨʦʚʦʜʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʦʩʣʘʙʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʢʦʣʫ ʾʭ ʛʦʣʢʦʶ [12ï14]. 

ɹʘʛʘʪʦ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʪʚʦʨʝʥʦ ʫ ʧʘʪʝʥʪʘʭ ʥʘʫʢʦʚʮʽʚ: ɿʣʦʪʝʥʢʦ ɹ.ʄ., ɻʘʨʢʘʚʝʥʢʦ 

ʉ.ʉ., ɹʦʨʱʝʚʩʴʢʦʾ ʅ.ʄ., ɹʘʙʠʯ ɸ.ɯ., ʂʝʨʥʝʰ ɺ.ʇ., ʇʝʨʚʦʾ ʅ.ɺ., ʷʢʽ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ 

ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʨʠʟʥʘʯʝʥʥʷ; ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʨʦʟʨʦʙʮʽ ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ 

ʬʘʨʙʫʚʘʥʥʷ ʰʢʽʨʠ ʪʘ ʪʝʢʩʪʠʣʶ; ʜʦʩʣʽʜʞʝʥʥʷ ʧʦ ʨʦʟʨʦʙʮʽ ʩʢʣʘʜʫ ʽ ʨʝʮʝʧʪʫʨʠ ʥʘʧʦʚʥʝʥʥʷ ʰʢʽʨʠ; 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʫ ʚʠʢʦʥʘʥʥʷ ʜʝʢʦʨʫ (ʧʨʠʥʪʫ) ʥʘ ʧʦʚʝʨʭʥʽ ʤʘʪʝʨʽʘʣʫ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ 

ʥʘʜʙʘʥʴ ʽ ʨʦʟʨʦʙʦʢ [15ï18]. 

ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʦʢʨʝʤʠʭ ʥʘʧʨʷʤʽʚ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʩʪʽʡʥʦ ʟʚôʷʟʘʥʘ ʟ ʚʝʣʠʢʠʤʠ 

ʚʠʪʨʘʪʘʤʠ ʩʫʩʧʽʣʴʥʦʾ ʧʨʘʮʽ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʢʦʣʠ ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʦʜʽʚ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʥʝ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʟʘʪʨʘʪ. 

ʋʢʨʘʾʥʩʴʢʽ ʚʯʝʥʽ ʚʥʝʩʣʠ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ, ʚ ʨʦʟʨʦʙʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʪʝʭʥʦʣʦʛʽʡ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ, ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʥʦʚʽ ʧʨʠʥʮʠʧʠ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ 

ʫʜʦʩʢʦʥʘʣʝʥʴ ʫ ʚʞʝ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚʠʨʦʙʽʚ, ʪʝʭʥʦʣʦʛʽʷʭ, ʤʘʪʝʨʽʘʣʘʭ ʪʘ ʦʙʣʘʜʥʘʥʥʽ ʤʦʜʥʦʾ ʽʥʜʫʩʪʨʽʾ. 
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ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʨʽʟʥʦʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ  ʪʘ  ʚʠʤʦʛ ʜʦ 

ʥʠʭ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʠʧʽʚ ʬʽʛʫʨ ʞʽʥʦʢ ʽ ʨʦʟʨʦʙʢʘ ʢʦʣʝʢʮʽʾ ʣʝʛʢʦʾ ʩʫʢʥʽ ʚ ʩʪʠʣʽ çʨʝʪʨʦè ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʛʫʨʠ ʟʘʤʦʚʥʠʢʘ [4]. 

ɺʠʚʯʝʥʥʷ ʪʝʭʥʽʢ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʨʦʙʢʘ ʢʦʣʝʢʮʽʾ ʞʽʥʦʯʦʛʦ ʦʜʷʛʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ,  ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʘʢʮʝʥʪʽʚ ʽ ʩʫʯʘʩʥʦʾ ʧʘʣʽʪʨʠ ʢʦʣʴʦʨʽʚ, ʷʢʽ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʜʦ ʚʠʨʦʙʫ ʯʠ 

ʟʘʤʽʥʶʚʘʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʧʨʦʚʝʜʝʥʠʭ ʚ ʨʦʙʦʪʽ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘʡʚʘʛʦʤʽʰʠʭ ʜʫʤʦʢ ʩʧʦʞʠʚʘʯʽʚ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʪʽʣʝʥʥʷ ʫ ʚʠʨʦʙʠ ʞʽʥʦʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʟʘʜʘʥʦʛʦ ʩʪʠʣʶ 

ʩʤʽʣʠʚʦʾ ʢʦʣʦʨʠʩʪʠʢʠ ʽ ʬʦʨʤʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʟʠʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ [10]. 

ʄʝʪʘ ʜʦʩʣiʜʞʝʥʥʷ ï ʜʦʩʣʽʜʞʝʥʥʷ ʪʠʧʽʚ ʬʽʛʫʨ ʞʽʥʦʢ ʽ ʨʦʟʨʦʙʢʘ ʢʦʣʝʢʮʽʾ ʣʝʛʢʦʾ ʩʫʢʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʽʛʫʨʠ ʟʘʤʦʚʥʠʢʘ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʪʝʦʨʝʪʠʢʦ-ʧʨʘʢʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʘ ʧʨʘʢʪʠʢʦ-ʦʨʽʻʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ, ʘ ʩʘʤʝ: ʪʝʭʥʦʣʦʛʽʷ ʰʠʪʪʷ, ʪʝʭʥʦʣʦʛʽʷ ʤʦʜʫʣʴʥʦʛʦ 

ʩʢʣʘʜʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʚʠʨʦʙʫ, ʜʝʢʦʨʘʪʠʚʥʝ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʫ. ʋ ʷʢʦʩʪi ʤʘʪʝʨiʘʣiʚ ʚʠʢʦʨʠʩʪʘʥʦ ʪʝʢʩʪʠʣʴ, 

ʘʧʣʽʢʘʮʽʷ ʪʘ ʤʝʨʝʞʝʚʦ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 
ɿʘʚʜʷʢʠ ʰʚʠʜʢʽʡ ʟʤʽʥʽ ʩʪʘʥʜʘʨʪʽʚ ʞʠʪʪʷ, ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʠʡ ʨʽʚʝʥʴ 

ʚʝʜʝʥʥʷ ʙʽʟʥʝʩʫ, ʘ ʩʘʤʝ  ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʚʘʨʽʚ ʽ ʥʘʜʘʥʥʷ ʦʥ-ʣʘʡʥ ʧʦʩʣʫʛ, ʟʘʚʜʷʢʠ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʍʍɯ ʩʪʦʣʽʪʪʽ ʚʩʝ ʙʽʣʴʰʝ ʟôʷʚʣʷʻʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʨʽʰʝʥʴ, ʥʝ ʪʠʧʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʽʥʜʫʩʪʨʽʾ ʤʦʜʠ, ʦʜʥʘʢ ʢʣʘʩʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʧʨʠʡʦʤʠ,  ʾʭ 

ʧʦʻʜʥʘʥʥʷ ʟʘʚʞʜʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʽ ʤʦʜʥʠʤʠ [6ï10].  

ʂʣʘʩʠʯʥʘ ʨʫʯʥʘ ʨʦʟʨʦʙʢʘ  ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʣʝʢʘʣ ʚʠʨʦʙʽʚ ʯʠ ʚʠʢʦʥʘʥʘ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʨʝʞʠʤʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʉɸʇʈ çɻʨʘʮʽʷè, çCLO3Dè, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ  

ʚʠʨʦʙʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʨʦʙʢʠ  ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʬʘʩʦʥʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʪʠʧʫ ʬʽʛʫʨʠ 

ʩʧʦʞʠʚʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ ʩʴʦʛʦʜʥʽ [12], ʦʩʢʽʣʴʢʠ ʫʩʽ ʤʠ ʨʽʟʥʽ ʽ ʧʨʝʢʨʘʩʥʽ, ʘʣʝ ʧʨʘʢʪʠʯʥʦ ʢʦʞʝʥ ʩʧʦʞʠʚʘʯ ʤʘʻ 

ʧʝʚʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʥʦʨʤʠ ʫ ʬʽʛʫʨʽ ʯʠ ʧʝʚʥʽ ʚʘʜʠ, ʷʢʽ ʟʘ ʨʘʭʫʥʦʢ ʬʘʩʦʥʫ ʚʠʨʦʙʫ ʤʦʞʥʘ ʚʽʜʢʦʨʝʛʫʚʘʪʠ ʯʠ 

ʧʨʠʭʦʚʘʪʠ. ʊʦʤʫ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʤʦʛ ʽ ʧʦʪʨʝʙ  ʩʧʦʞʠʚʘʯʘ ʻ ʢʦʥʯʝ ʥʝʦʙʭʽʜʥʠʤ ʽ ʟʘʪʨʝʙʫʚʘʥʠʤ. 

ʅʘ ʦʩʥʦʚʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʷʜ ʤʘʨʢʝʪʠʥʛʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʪʝʦʨʝʪʠʢʦ-

ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʦ ʪʠʧʠ ʪʽʣʦʩʢʣʘʜʝʥʴ (ʪʠʧʠ ʬʽʛʫʨ) ʞʽʥʦʯʦʛʦ ʪʽʣʘ (ʨʠʩ. 1), ʧʽʜʽʙʨʘʥʦ ʟʛʽʜʥʦ 

ʬʽʛʫʨʠ ʟʘʤʦʚʥʠʢʘ ʚʜʘʣʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʠʡ ʚʘʨʽʘʥʪ ʣʝʛʢʦʾ ʩʫʢʥʽ, ʨʦʟʨʦʙʣʝʥʦ ʝʩʢʽʟʥʠʡ ʨʷʜ ʤʦʜʝʣʝʡ ʚʠʨʦʙʽʚ 

ʢʦʣʝʢʮʽʾ (ʨʠʩ. 2), ʣʝʢʘʣʘ,  ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʤʘʨʰʨʫʪ, ʪʘ ʚʠʛʦʪʦʚʣʝʥʦ ʚʠʨʽʙ-ʟʨʘʟʦʢ (ʨʠʩ. 3). 

ʂʦʞʥʘ ʞʽʥʢʘ ʧʨʘʛʥʝ ʚʠʛʣʷʜʘʪʠ ʢʨʘʩʠʚʦʶ ʪʘ ʜʦʛʣʷʥʫʪʦʶ. ɸʜʞʝ ʚʽʜ ʪʦʛʦ, ʷʢ ʤʠ ʚʠʛʣʷʜʘʻʤʦ ʯʘʩʪʦ 

ʟʘʣʝʞʠʪʴ ʝʤʦʮʽʡʥʠʡ ʩʪʘʥ, ʫʩʧʽʭ ʢʘʨôʻʨʠ, ʦʩʦʙʠʩʪʠʭ ʚʽʜʥʦʩʠʥ ʪʘ ʡ ʟʜʦʨʦʚôʷ. ɼʣʷ ʮʴʦʛʦ ʟʚʠʯʘʡʥʦ ʧʦʪʨʽʙʥʦ 

ʚʝʩʪʠ ʟʜʦʨʦʚʠʡ ʩʧʦʩʽʙ ʞʠʪʪʷ, ʨʦʟʚʠʚʘʪʠʩʷ ʨʦʟʫʤʦʚʦ ʽ ʬʽʟʠʯʥʦ, ʘ ʦʪ  ʩʣʽʧʦ ʩʣʽʜʫʚʘʪʠ ʪʝʥʜʝʥʮʽʷʤ ʤʦʜʠ ʥʝʤʘʻ 

ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʩʽʤ ʧʽʜʭʦʜʠʪʴ ʦʜʥʘʢʦʚʘ ʤʦʜʝʣʴ ʦʜʷʛʫ, ʢʦʣʽʨ, ʩʪʠʣʴ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʩʧʨʘʚʞʥʴʦʾ ʦʩʦʙʠʩʪʦʾ 

ʢʨʘʩʠ, ʝʩʪʝʪʠʢʠ ʽ ʩʪʠʣʶ ʪʨʝʙʘ ʧʦʣʶʙʠʪʠ ʩʝʙʝ, ʚʠʚʯʠʪʠ ʩʚʦʻ ʪʽʣʦ  ̔ʚʜʘʣʦ ʧʽʜʙʠʨʘʪʠ ʛʘʨʜʝʨʦʙ. ʊʽʣʴʢʠ ʪʦʜʽ 

ʞʽʥʢʘ ʙʫʜʝ ʚʠʧʨʦʤʽʥʶʚʘʪʠ ʩʚʦʶ ʦʩʦʙʠʩʪʫ ʢʨʘʩʫ, ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʪʽʣʴʢʠ ʪʦʜʽ ʞʽʥʢʘ ʨʦʟʢʚʽʪʘʻ ʽ 

ʥʘʧʦʚʥʶʻʪʴʩʷ ʩʠʣʦʶ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʬʽʛʫʨʠ, ʨʦʟʤʽʨʫ ʦʜʷʛʫ, ʚʘʛʠ  ʽ ʚʽʢʫ. 

ʆʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ ʚʜʘʣʦʛʦ ʦʙʨʘʟʫ ʻ ʦʜʷʛ, ʷʢʠʡ ʧʨʘʚʠʣʴʥʦ ʩʠʜʠʪʴ ʧʦ ʬʽʛʫʨʽ [6ï8, 10]. ɺʽʜʦʤʦ, 

ʱʦ ʥʝʤʘʻ ʥʝ ʢʨʘʩʠʚʠʭ ʞʽʥʦʢ  ̔ʧʦʛʘʥʠʭ ʬʽʛʫʨ, ʘ  ̒ʥʝ ʚʜʘʣʦ ʧʽʜʽʙʨʘʥʽ ʩʫʢʥʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʮʝ 

ʧʠʪʘʥʥʷ ʽ ʨʦʟʽʙʨʘʪʠʩʷ  ʟ ʪʠʤ, ʷʢʽ ʽʩʥʫʶʪʴ ʪʠʧʠ ʬʽʛʫʨ ʫ ʞʽʥʦʢ , ʷʢ ʚʠʟʥʘʯʠʪʠ ʪʠʧ ʬʽʛʫʨʠ ʽ ʷʢʽ ʬʘʩʦʥʠ ʚʘʨʪʦ 

ʥʦʩʠʪʠ. 

ʅʘ ʞʘʣʴ, ʜʫʞʝ ʤʘʣʦ ʞʽʥʦʢ ʤʘʶʪʴ ʘʙʩʦʣʶʪʥʦ ʽʜʝʘʣʴʥʽ ʧʨʦʧʦʨʮʽʾ ʪʽʣʘ, ʘʣʝ, ʥʘ ʱʘʩʪʷ ʻ ʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ ʬʘʩʦʥʽʚ ʦʜʷʛʫ, ʱʦʙ ʧʨʘʚʠʣʴʥʦ ʦʜʷʛʥʫʪʠ ʞʽʥʦʢ ʫʩʽʭ ʙʝʟ ʚʠʥʷʪʢʫ. ɸʜʞʝ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ ʦʜʷʛ 

ʜʦʧʦʤʦʞʝ ʥʝ ʪʽʣʴʢʠ ʧʽʜʢʨʝʩʣʠʪʠ ʜʦʩʪʦʾʥʩʪʚʘ ʙʫʜʴ-ʷʢʦʾ ʞʽʥʦʯʦʾ ʬʽʛʫʨʠ, ʘʣʝ ʽ ʧʨʠʭʦʚʘʪʠ ʬʽʟʽʦʣʦʛʽʯʥʽ ʯʠ ʚʽʢʦʚʽ 

ʥʝʜʦʣʽʢʠ. 

ɿʛʽʜʥʦ ʽʥʬʦʨʤʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʟ ʨʽʟʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʞʝʨʝʣ ʚ ʢʣʘʩʠʯʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʠʜʽʣʷʶʪʴ 5 

ʪʠʧʽʚ ʞʽʥʦʯʠʭ ʬʽʛʫʨ: ʧʽʩʦʯʥʠʡ ʛʦʜʠʥʥʠʢ (ʍ-ʩʠʣʫʝʪ), ʪʨʠʢʫʪʥʠʢ (ɸ-ʩʠʣʫʝʪ), ʧʨʷʤʦʢʫʪʥʠʢ (ʅ-ʩʠʣʫʝʪ), 

ʧʝʨʝʚʝʨʥʫʪʠʡ ʪʨʠʢʫʪʥʠʢ (ʊ-ʩʠʣʫʝʪ) ʪʘ ʢʦʣʦ (ʆ-ʩʠʣʫʝʪ) (ʨʠʩ. 1). ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʠ  ʞʽʥʦʯʠʭ ʬʽʛʫʨ ʽ ʚʘʨʽʘʥʪʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʬʘʩʦʥʽʚ  ʦʜʷʛʫ [2, 6, 10]. 

ʊʠʧ ʞʽʥʦʯʦʾ ʬʽʛʫʨʠ ʪʨʠʢʫʪʥʠʢ ʘʙʦ çɸè ʇʝʨʝʚʘʛʘ ʮʴʦʛʦ ʪʠʧʫ ʩʪʘʪʫʨʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʽʣʶʟʽʶ ʬʽʛʫʨʠ ʧʽʩʦʯʥʦʛʦ ʛʦʜʠʥʥʠʢʘ, ʷʢʱʦ ʩʪʠʣʽʟʫʚʘʪʠ ʦʙʨʘʟ ʧʨʘʚʠʣʴʥʦ. ʇʣʝʯʽ ʚʫʟʴʢʽ, ʘ ʩʪʝʛʥʘ 

ʰʠʨʦʢʽ. ɺʩʝ, ʱʦ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ, ʮʝ ʟʥʘʡʪʠ ʙʘʣʘʥʩ. ʄʦʞʥʘ ʥʦʩʠʪʠ ʢʦʩʪʶʤʠ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʽ ʢʦʨʠʛʫʶʪʴ 

ʥʠʞʥʶ ʯʘʩʪʠʥʫ ʪʽʣʘ, ʢʣʴʦʰʥʽ ʩʧʽʜʥʠʮʽ ʟ ʧʘʩʢʦʤ ʥʘ ʚʫʟʝʥʴʢʽʡ ʪʘʣʽʾ.  

ʊʠʧ ʬʽʛʫʨʠ ʧʽʩʦʯʥʠʡ ʛʦʜʠʥʥʠʢ ʘʙʦ çʍè. ʋ ʣʶʜʝʡ ʟ ʪʘʢʠʤ ʪʠʧʦʤ ʬʽʛʫʨʠ ʻ ʧʨʠʨʦʜʥʠʡ ʙʘʣʘʥʩ ʫ 

ʧʨʦʧʦʨʮʽʷʭ, ʪʦʤʫ ʩʫʢʥʽ ʧʦʚʠʥʥʽ ʧʨʦʩʪʦ ʧʦʚʪʦʨʶʚʘʪʠ ʢʦʥʪʫʨ ʪʽʣʘ ʥʦʩʽʷ. ʉʘʤʝ ʞʽʥʢʘʤ ʟ ʪʘʢʦʶ ʬʽʛʫʨʦʶ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʦʩʠʪʠ ʥʘʩʪʫʧʥʠʡ ʦʜʷʛ: ʙʣʝʡʟʝʨʠ ʜʦ ʣʽʥʽʾ ʩʪʝʛʦʥ ʚʽʣʴʥʦʛʦ ʢʨʦʶ; ʦʜʷʛ ʟ ʥʘʛʨʫʜʥʠʤʠ 

ʢʠʰʝʥʷʤʠ; ʢʨʘʩʠʚʽ ʰʠʨʦʢʽ V-ʧʦʜʽʙʥʽ ʚʠʨʽʟʠ, ʤʦʜʥʽ ʢʦʤʽʨʮʽ; ʚʠʨʽʟ ʯʦʚʥʠʢʦʤ; ʧʨʠ ʚʫʟʴʢʠʭ ʧʣʝʯʘʭ ʤʦʞʥʘ 

ʩʢʦʨʠʩʪʘʪʠʩʷ ʧʽʜʧʣʽʯʥʠʢʘʤʠ; ʷʢʱʦ ʧʣʝʯʽ ʜʫʞʝ ʚʫʟʴʢʽ, ʪʦ ʚʠʨʽʟ ʟʦʥʠ ʜʝʢʦʣʴʪʝ ʤʦʞʝ ʙʫʪʠ ʢʚʘʜʨʘʪʥʠʤ; 

ʧʽʜʽʡʜʫʪʴ ʩʧʫʱʝʥʽ ʧʣʝʯʽ; ʚʝʨʭʥʽʡ ʦʜʷʛ ʥʘ ʧʨʫʞʥʽʡ ʧʽʜʢʣʘʜʮʽ; ʰʠʨʦʢʽ, ʧʨʷʤʽ ʞʽʥʦʯʽ ʩʧʽʜʥʠʮʽ ʩʝʨʝʜʥʴʦʾ 

ʜʦʚʞʠʥʠ ʽ ʤʘʢʩʽ, ʤʦʞʥʘ ʟʽ ʩʢʣʘʜʢʘʤʠ; ʩʧʽʜʥʠʮʽ ʪʘ ʙʨʶʢʠ ʚʽʣʴʥʦʛʦ ʢʨʦʶ ʟ ʪʦʥʢʦʾ ʪʢʘʥʠʥʠ; ʢʨʽʡ ʧʽʜʞʘʢʘ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 23 

ʧʦʚʠʥʝʥ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʢʨʦʶ ʩʧʽʜʥʠʮʽ ʘʙʦ ʰʪʘʥʽʚ. 

ʊʠʧ ʬʽʛʫʨʠ ʧʝʨʝʚʝʨʥʫʪʠʡ ʪʨʠʢʫʪʥʠʢ ʘʙʦ çVè. ʃʶʜʷʤ ʟ ʪʘʢʠʤ ʪʠʧʦʤ ʬʽʛʫʨʠ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 

ʘʢʮʝʥʪʫ ʩʪʝʛʥʘʤ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʩʪʚʦʨʝʥʥʽ ʙʘʣʘʥʩʫ. ʇʨʷʤʽ ʜʞʠʥʩʠ ʽ ʩʫʢʥʽ ʟ ʧʨʠʨʦʜʥʠʤ V-

ʧʦʜʽʙʥʠʤ ʜʠʟʘʡʥʦʤ ï ʚʩʝ ʮʝ ʦʜʷʛ, ʷʢʠʡ ʧʽʜʽʡʜʝ ʜʘʥʦʤʫ ʪʠʧʫ. ɾʽʥʢʘʤ ʟ V-ʧʦʜʽʙʥʦʶ ʬʽʛʫʨʦʶ ʧʽʜʽʡʜʫʪʴ 

ʩʪʨʠʤʘʥʠʡ ʚʝʨʭʥʽʡ ʞʽʥʦʯʠʡ ʦʜʷʛ ʥʝʷʩʢʨʘʚʠʭ ʢʦʣʴʦʨʽʚ; V-ʧʦʜʽʙʥʽ ʘʙʦ ʦʚʘʣʴʥʽ ʚʠʨʽʟʠ; ʩʧʽʜʥʠʮʽ, ʷʢʽ ʦʙʣʷʛʘʶʪʴ 

ʩʪʝʛʥʘ ʽ ʤôʷʢʦ ʨʦʟʢʣʴʦʰʝʥʽ; ʧʨʷʤʽ ʡ ʢʦʨʦʪʢʽ ʩʧʽʜʥʠʮʽ; ʙʨʶʢʠ-ʩʪʨʝʡʯ, ʜʞʠʥʩʠ, ʧʨʷʤʽ ʡ ʚʫʟʴʢʽ ʰʪʘʥʠ; ʤʦʜʝʣʽ 

ʦʜʷʛʫ ʽʟ ʟʘʥʠʞʝʥʦʶ ʪʘʣʽʻʶ. 

 

 
ʈʠʩ. 1. ʊʠʧʠ ʬʽʛʫʨ ʞʽʥʦʯʦʛʦ ʪʽʣʘ 

 

ʊʠʧ ʬʽʛʫʨʠ ʷʙʣʫʢʦ çʆè. ʆʩʢʽʣʴʢʠ ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʚʘʛʠ ʩʢʦʥʮʝʥʪʨʦʚʘʥʘ ʚʠʱʝ ʩʪʝʛʦʥ, ʮʷ ʯʘʩʪʠʥʘ 

ʪʫʣʫʙʘ ʟʜʘʻʪʴʩʷ ʚʘʞʯʦʶ, ʥʽʞ ʥʠʞʥʷ ʯʘʩʪʠʥʘ. ɯʜʝʷ ʚ ʪʦʤʫ, ʱʦʙ ʚʽʜʚʝʨʥʫʪʠ ʫʚʘʛʫ ʚʽʜ ʮʽʻʾ ʯʘʩʪʠʥʠ ʪʽʣʘ ʽ 

ʧʽʜʢʨʝʩʣʠʪʠ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ. ɾʽʥʢʘʤ ʟ ʪʘʢʦʶ ʬʽʛʫʨʦʶ ʥʝʦʙʭʽʜʥʦ ʚʽʜʢʨʠʚʘʪʠ ʥʦʛʠ ʘʙʦ ʥʦʩʠʪʠ ʩʫʢʥʽ ʟ V-

ʧʦʜʽʙʥʠʤ ʘʙʦ ʛʣʠʙʦʢʠʤ V-ʧʦʜʽʙʥʠʤ ʚʠʨʽʟʦʤ, ʷʢʠʡ ʩʪʚʦʨʶʻ ʽʣʶʟʽʶ ʧʦʜʦʚʞʝʥʥʷ ʪʫʣʫʙʘ. ɾʽʥʢʘʤ ʟ ʬʽʛʫʨʦʶ 

ʢʦʣʘ ʯʠ ʷʙʣʫʢʘ ʤʦʞʥʘ ʩʤʽʣʠʚʦ ʥʦʩʠʪʠ ʪʘʢʽ ʤʦʜʝʣʽ ʦʜʷʛʫ: ʧʦʜʦʚʞʝʥʽ ʢʦʬʪʠʥʢʠ ʟ ʥʝʛʣʠʙʦʢʠʤ V-ʧʦʜʽʙʥʠʤ 

ʚʠʨʽʟʦʤ; ʢʦʬʪʠʥʢʠ ʟ ʚʠʩʦʢʠʤ ʢʦʤʽʨʦʤ, ʢʦʤʽʨʦʤ çʧʦʣʦè; ʧʨʠ ʚʫʟʴʢʠʭ ʧʣʝʯʘʭ ʤʦʞʥʘ ʩʢʦʨʠʩʪʘʪʠʩʷ 

ʧʽʜʧʣʽʯʥʠʢʘʤʠ, ʘ ʚʽʩʪʨʷ ʢʦʤʽʨʘ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʚʛʦʨʫ, ʧʨʠ ʰʠʨʦʢʠʭ ʞʝ ʧʣʝʯʘʭ ʚʽʩʪʨʷ ʢʦʤʽʨʘ 

ʥʘʧʨʘʚʣʷʻʤʦ ʚʥʠʟ; ʩʧʽʜʥʠʮʽ ʩʝʨʝʜʥʴʦʾ ʜʦʚʞʠʥʠ ʽ ʤʘʢʩʽ; ʞʘʢʝʪʠ ʜʦ ʩʪʝʛʦʥ; ʷʢʱʦ ʥʘʚʘʞʫʻʤʦʩʴ ʥʘ ʩʫʢʥʶ, ʪʦ ʽʟ 

ʟʘʚʠʱʝʥʦʶ ʪʘʣʽʻʶ; ʧʽʜʽʡʜʝ ʽ ʩʧʽʜʥʠʮʷ-ʙʨʶʢʠ;  ʙʨʶʢʠ, ʟʘʚʫʞʝʥʽ ʜʦ ʥʠʟʫ. 

ʊʠʧ ʞʽʥʦʯʦʾ ʬʽʛʫʨʠ ʧʨʷʤʦʢʫʪʥʠʢ ï çʅè. ɾʽʥʢʘʤ ʟ ʪʠʧʦʤ ʬʽʛʫʨʠ ʧʨʷʤʦʢʫʪʥʠʢ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ 

ʦʜʷʛʘʪʠʩʷ ʚ ʪʘʢʠʡ ʩʧʦʩʽʙ: ʢʦʬʪʠʥʢʠ ʟ ʛʣʠʙʦʢʠʤ V-ʧʦʜʽʙʥʠʤ ʚʠʨʽʟʦʤ; ʪʦʧʠ ʽ ʙʣʫʟʠ ʟ ʟʘʧʘʭʦʤ; ʪʨʠʢʦʪʘʞ ʥʘ 

ʙʣʠʩʢʘʚʢʘʭ, ʢʨʘʱʝ, ʷʢʱʦ ʟʘʩʪʽʙʢʘ-ʙʣʠʩʢʘʚʢʘ ʨʦʟʩʪʽʙʘʻʪʴʩʷ ʟʚʝʨʭʫ ʽ ʟʥʠʟʫ; ʦʜʷʛ ʟ ʙʽʯʥʠʤʠ ʨʦʟʨʽʟʘʤʠ ʽ 

ʜʝʢʦʨʘʪʠʚʥʦʶ ʚʽʜʩʪʨʦʯʢʦʶ; ʩʧʽʜʥʠʮʽ-ʩʦʥʮʝ, ʩʧʽʜʥʠʮʽ-ʥʘʧʽʚʩʦʥʮʝ, ʩʧʽʜʥʠʮʽ-ʪʶʣʴʧʘʥ; ʞʘʢʝʪʠ ʪʘ ʢʘʨʜʠʛʘʥʠ 

ʟʘʩʪʝʙʥʫʪʽ ʚ ʨʘʡʦʥʽ ʪʘʣʽʾ ʥʘ ʦʜʠʥ ˇʫʜʟʠʢ; ʧʨʷʤʽ ʘʙʦ ʟʘʚʫʞʝʥʽ ʜʦʥʠʟʫ ʰʪʘʥʠ; ʫʢʦʨʦʯʝʥʽ ʤʦʜʝʣʽ ʧʽʜʞʘʢʽʚ, 

ʢʘʨʜʠʛʘʥʽʚ ʪʘ ʞʘʢʝʪʽʚ; ʚʝʨʭʥʽʡ ʞʽʥʦʯʠʡ ʦʜʷʛ ʟʽ ʱʽʣʴʥʦʾ ʩʪʨʫʢʪʫʨʥʦʾ ʪʢʘʥʠʥʠ, ʜʦʙʨʝ ʪʨʠʤʘʻ ʬʦʨʤʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʪʝʦʨʝʪʠʢʦ-ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʢʠ ʬʽʛʫʨʠ ʟʘʤʦʚʥʠʮʽ ʙʫʣʘ 

ʨʦʟʨʦʙʣʝʥʘ ʣʽʥʽʡʢʘ ʝʩʢʽʟʽʚ ʚʠʨʦʙʽʚ (ʨʠʩ. 2), ʨʦʟʨʦʙʣʝʥʦ ʨʦʙʦʯʽ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʫʢʥʽ (ʨʠʩ. 3) ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʦ ʚʠʨʽʙ (ʨʠʩ. 4). ɽʣʝʤʝʥʪʦʤ ʦʟʜʦʙʣʝʥʥʷ ʚʠʨʦʙʫ ʻ ʢʚʽʪʢʦʚʘ ʘʧʣʽʢʘʮʽʷ [10ï18]. 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 25 

 
ʈʠʩ. 4. ɻʦʪʦʚʠʡ ʚʠʨʽʙ ʣʝʛʢʦʾ ʩʫʢʥʽ ʞʽʥʦʯʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʥʘ ʬʽʛʫʨʫ ɸ-ʪʠʧʫ (ʪʨʠʢʫʪʥʠʢ) 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 
ɺ ʨʝʟʫʣʴʪʘʪʽ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʠ ʜʘʥʦʾ ʨʦʟʨʦʙʢʠ ʤʦʞʥʘ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʚʽʪ 

ʜʠʟʘʡʥʫ ʻ ʨʽʟʥʦʤʘʥʽʪʥʠʤ, ʫʥʽʢʘʣʴʥʠʤ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʤ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʟʤʽʥ ʚ ʤʦʜʽ ʟʘʚʞʜʠ ʧʨʠʩʫʪʥʻ 

ʜʠʟʘʡʥʝʨʩʴʢʝ ʙʘʯʝʥʥʷ ʩʚʽʪʫ, ʤʦʜʠ ʪʘ ʝʩʪʝʪʠʢʠ, ʷʢʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʚʦʨʯʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ ʫ ʧʨʦʮʝʩ  ʚʠʛʦʪʦʚʣʝʥʥʷ ʯʠ ʜʝʢʦʨʫʚʘʥʥʷ ʚʠʨʦʙʫ, ʘ ʪʘʢʦʞ ʨʘʟʦʤ ʟ 

ʽʥʥʦʚʘʮʽʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʘʩʠʯʥʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʰʝʜʝʚʨʫ.  

ʊʘʢʽ ʪʚʦʨʯʽ ʝʢʩʧʝʨʠʤʝʥʪʠ  ʥʝʦʙʭʽʜʥʽ  ʜʣʷ ʨʦʟʚʠʪʢʫ ʽ ʩʪʘʥʦʚʣʝʥʥʷ  ʦʩʦʙʠʩʪʦʩʪʽ  ʪʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ 

ʜʠʟʘʡʥʝʨʘ, ʘ ʪʘʢʦʞ ʚʽʜʦʙʨʘʞʝʥʥʷ ʡʦʛʦ ʽʜʝʡ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ.  

ʆʪʞʝ, ʥʝʦʙʭʽʜʥʦ ʧʘʤôʷʪʘʪʠ, ʱʦ ʛʨʘʤʦʪʥʦ ʧʽʜʽʙʨʘʥʠʡ  ʙʘʟʦʚʠʡ ʛʘʨʜʝʨʦʙ,  ʟʨʦʙʠʪʴ ʞʽʥʢʫ ʙʫʜʴ-ʷʢʦʛʦ 

ʚʽʢʫ ʪʘ  ʟ ʙʫʜʴ-ʷʢʠʤ ʪʠʧʦʤ  ʬʽʛʫʨʠ  ʥʝʧʝʨʝʚʝʨʰʝʥʦʶ. 

ʇʝʨʩʧʝʢʪʠʚʘʤʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ ʻ ʧʦʛʣʠʙʣʝʥʝ ʚʠʚʯʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʽ 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʽʜʝʡ. 
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THE DIFFERENT APPROA CHES TO THE TRANSFORMATION OF REACTIVE 

POWER INTO AN ACTIVE  POWER 
 
The relevance of the development of modern problems of the electric power industry in connection with the 

depletion of the planet's natural resources is undeniable and initiates the development of new physical and technical 
solutions with the practical use of known natural phenomena. The method of this work is to propose, justifying the 
expediency of a possible scheme of a resonant converter of reactive power into activity and conducting an analysis of the 
electromagnetic processes occurring in them. The proposed schemes combine the presence of resonant parallel and resonant 
circuit complexes. The difference is in the way they are implemented. For the data of the joint circuit, the feature is the 
presence of two inductively coupled active-reactive circuits, but different in the ways of creating resonance conditions. For a 
circuit without an additional power source, it is shown that the successful implementation of resonance conditions is possible 
by choosing the appropriate element base. For a circuit with an additional source of harmonic voltage, it is shown that for a 
suitable setting it is possible to completely eliminate the negative influence of the converter circuit on the source of reactive 
power. Calculations for the experimental model show that with the appropriate selection of the element base, it is possible to 
obtain a conversion factor of ~ 1.0 with a minimal effect on the current in reactive power sources. Given the calculated ratios, 
the mathematical apparatus of the theory of electric circuits was used to substantiate the principle possibility of resonant 
transformation of electrical energy. Thus, methods of calculating the characteristics of transient processes in closed circuits 
with active-reactive elements. For the first time, with the justification of practical power, we offer the possibilities of the 
scheme of resonant transformation of reactive power into active power, and an analysis of the electromagnetic processes 
occurring in them is carried out. The proposed work was initiated by the current needs of the electric power industry, caused 
by the depletion of natural resources and the rapidly growing needs of the world economy. The results of the work illustrate 
the practical possibilities of creating real schemes for converting reactive electricity into active electricity. 

Keywords: electric power industry, resonant active-reactive electrical circuits, electrical power conversion. 
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ˍ̨̝̝̋̓̔́̌̎̒̓ ̨̙̠̃̉̑̆̎̎ ̘̖̒̔́̒̎̉ ̐̑̏̂̌̆̍ ̆̌̆̋̓̑̏̆̎̆̑̄̆̓̉̋̉ ̔ ̈̃ȭ̠̈̋̔ ̈ ̠̃̉̒̎́̇̆̎̎̍ ̖̐̑̉̑̏̅̎̉ ̨̑̆̒̔̑̒̃ ̐̌́̎̆̓̉ ̤ 
̘̟̂̆̈̈́̐̆̑̆̎̏ ̓́ ̨̨̨̗̟̤̎ ̑̏̈̑̏̂̋̔ ̖̎̏̃̉ ̨̈̉̋̏̕-̨̖̘̖̓̆̎̎̉ ̨̙̝̑̆̎ ̨̈ ̘̐̑́̋̓̉̎̉̍ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̖̃̅̏̍̉ ̖̐̑̉̑̏̅̎̉ ̠̃̉̚Ȣ 
˙̟̆̓̏ ̩̅́̎̏ ̑̏̂̏̓̉ ̤ ̈́̐̑̏̐̏̎̔̃́̓̉ ̓́ ̢̏̂̑̔̎̓̔̃́̓̉ ̨̨̗̝̝̅̏̌̎̒̓ ̩̍̏̇̌̉̃̏ ̖̒̆̍̉ ̑̆̈̏̎́̎̒̎̏̄̏ ̟̘̐̆̑̆̓̃̏̑̃́́ ̩̑̆́̋̓̉̃̎̏ 
̨̐̏̓̔̇̎̏̒̓ ̃ ́̋̓̉̃̎̔ ̓́ ̐̑̏̃̆̒̓̉ ̨́̎́̌̈ ̨̖̆̌̆̋̓̑̏̍́̄̎̓̎̉ ̨̗̐̑̏̆̒̃ȟ ̏̚ ̨̟̝̠̃̅̂̔̃́̓̒ ̃ ̖̎̉Ȣ ˔̨́̐̑̏̐̏̎̏̃́̎ ̖̒̆̍̉ ̤̟̝̐̏̅̎̔̓ 
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̗̩̐̑̉̎̉̐̏̃̏ ̨̍̏̇̌̉̃̏̒̓ ̑̆̈̏̎́̎̒̎̏̄̏ ̠̐̆̑̆̓̃̏̑̆̎̎ ̘̩̆̌̆̋̓̑̉̎̏ ̨̩̆̎̆̑̄ ̐̑̉ ̨̃̉̃̆̅̆̎̎ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̨̨̙̝̒̐̃̃̅̎̏̆̎ 
̃̉̋̏̑̉̒̓́̎̏ ̘̍́̓̆̍́̓̉̎̉̊ ́̐́̑́̓ ̨̩̓̆̏̑ ̘̖̆̌̆̋̓̑̉̎̉ ̨̋̌Ȣ ˔̏̋̑̆̍́ȟ ̍̆̓̏̅̉ ̖̑̏̈̑́̔̎̋̔ ̖́̑́̋̓̆̑̉̒̓̉̋ ̨̖̖̐̆̑̆̅̎̉ ̨̗̐̑̏̆̒̃ ̔ 
̖̈́̍̋̎̔̓̉ ̖̋̏̌́ ̈ ́̋̓̉̃̎̏-̑̆́̋̓̉̃̎̉̍̉ ̆̌̆̍̆̎̓́̍̉Ȣ ˏ̙̐̆̑̆ ̈́̐̑̏̐̏̎̏̃́̎̏ ̨̍̏̇̌̉̃ ̖̒̆̍̉ ̑̆̈̏̎́̎̒̎̏̄̏ ̠̐̆̑̆̓̃̏̑̆̎̎ 
̩̑̆́̋̓̉̃̎̏ ̨̐̏̓̔̇̎̏̒̓ ̃ ́̋̓̉̃̎̔ ̈ ̢̠̏̂̑̔̎̓̔̃́̎̎̍ ̘̩̐̑́̋̓̉̎̏ ̨̐̏̓̔̇̎̏̒̓ ̓́ ̐̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̨̖̆̌̆̋̓̑̏̍́̄̎̓̎̉ ̨̗̐̑̏̆̒̃ȟ 
̏̚ ̨̟̝̠̃̅̂̔̃́̓̒ ̃ ̖̎̉Ȣ ˑ́̎́ ̑̏̂̏̓́ ̂̔̌́ ̨̨̨̗̎̊̏̃́̎́ ̘̐̏̓̏̎̉̍̉ ̐̏̓̑̆̂́̍̉ ̆̌̆̋̓̑̏̆̎̆̑̄̆̓̉̋̉ȟ ̃̉̋̌̉̋́̎̉̍̉ ̠̃̉̒̎́̇̆̎̎̍ 
̖̐̑̉̑̏̅̎̉ ̨̑̆̒̔̑̒̃ ̨ ̨̒̓̑̍̋̏ ̟̘̈̑̏̒̓́̉̍̉ ̐̏̓̑̆̂́̍̉ ̨̩̒̃̓̏̃̏ ̨̆̋̏̎̏̍̋̉Ȣ ˝̝̆̈̔̌̓́̓̉ ̑̏̂̏̓̉ ̨̟̟̝̌̒̓̑̔̓ ̨̘̐̑́̋̓̉̎ 
̨̍̏̇̌̉̃̏̒̓ ̠̒̓̃̏̑̆̎̎ ̝̖̑̆́̌̎̉ ̖̒̆̍ ̠̐̆̑̆̓̃̏̑̆̎̎ ̩̑̆́̋̓̉̃̎̏ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄ ̃ ́̋̓̉̃̎̔Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̆̌̆̋̓̑̏̆̎̆̑̄̆̓̉̋́ȟ ̨̑̆̈̏̎́̎̒̎ ́̋̓̉̃̎̏-̨̑̆́̋̓̉̃̎ ̨̘̆̌̆̋̓̑̉̎ ̗̟̌́̎̄̉ȟ ̠̐̆̑̆̓̃̏̑̆̎̎ ̨̩̆̌̆̋̓̑̏̆̎̆̑̄Ȣ 
 

Introduction  

Resonance as a key to "energetic spike" in oscillatory systems of any physical nature was first pointed out 
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in the works of Nikola Tesla. As it follows from his publications the main problem which demanded immediate 

solution was the problem not only resonant generation but and wireless transportation of the electrical energy on the 

long distances. With this goal N. Tesla built and successfully tested so named "Wardenclyffe Tower". It was the first 

telecommunication facility which was intended for commercial transatlantic telephony, broadcasting, and 

demonstration of the energy wireless transfer.  No less important problem of our time is a problem of the effective 

conversion of the energy different kinds (solar, wind, thermal) in the electrical energy which is the indisputable 

factor of the Humanity comfortable existence.  In this connection, it should be noted the obvious interest of the 

world scientific community to all practically possible technical elaborations which are directed on the solution of the 

above-marked problem of the modern electrical power engineering. 

 

Brief literature review, the investigation purpose 
The first type of patented electrical energy converter this is widely known as the ñTesla transformerò which 

is the super effective resonant amplifier of high voltage with the transformation factor ï k > 1000 [1]. Many works 

dedicated to the investigation of this device, for example [2ï4]. Among them, a search can be distinguished of 

determined optimal solutions of further increasing efficiency the "Tesla transformer" proper [2]. The publication [3] 

represents itself a practical manual for designing and creating the powerful many aim electrical energy converter for 

different fields of application. The investigations of the transient processes in the inductive coupled resonant circuits 

of the "Tesla transformer" with the attraction of the electrical circuit methods were conducted by authors of the work 

[4]. The got results and the numerical estimates agree fully with the inventor qualitative conclusions which were 

formulated else at the last century beginning. The articles [5ï8] are dedicated to the non-traditional methods of 

conversion the different kinds of energy. So, the innovative approaches to the cosmic apparatuses energetic have 

been formulated on a base of the theoretical investigations of the vacuum quant states, substance stability and 

gravitation [5]. Technically based suggestions to convert a heat in the electrical energy are defended by Patents [6, 

7]. The workable and quite effective resonant converters of electrical energy are represented in the works [9, 10]. At 

last, the appearance of the Patent [11] with a quite high area of application is conditioned by the practical interest to 

the resonant reactive power amplifying. The invention subject is related to the impact excitation systems in the 

power engineering but can find application in the uninterrupted feeding sources and the electromagnetic oscillations 

transmitters for creating the super-power probing signals. 

The essential demerit of the known suggestions of the energy conversion based on the resonant phenomena 

in the electrical engineering systems (also and in the Tesla transformer!) is the reactive power output what is very 

problematic for a practical usage. In this connection, a transformation of the reactive power in an active one which 

can be used for different works fulfilling has the practical interest. A practical solution of this problem can be 

realized with help of scheme from two inductively coupled resonant circuits. The first of them is the parallel one and 

the second circuit is the serial circuit. The physical essence of the present suggestion consists in following. The 

reactive power from a source is fed to an input of the first parallel circuit. The latter one is excited in the "current 

resonance" regime when the currents in the reactive power source outputs equal to zero and when their influence on 

this source is excepted fully. At the expense of the inductive coupling, the signal is transmitted to the second serial 

circuit tuned on the "voltage resonance" what allows to maximize the output electrical power in resistor which is the 

converter active load. 

In the converter represented variant the conditions for ñthe current resonanceò in the input parallel circuit 

are being created at the expense of its parameters corresponding choice which is directed on what to exclude the 

converter influence on the processes into the reactive power source and to stabilize the device operation in whole. 

The other method of the resonant conditions creation in the input parallel circuit is possible. With this goal, 

the additional source of the harmonic voltage is being introduced. The appointment of the latter one analogically to 

the previous variant consists in what to exclude the energy interchange between the converter and the reactive power 

source. 

Physically, the action of the additional source in the input parallel circuit with the real parameters can be 

interpreted as introducing some conditioned ñnegativeò impedance which removes the influence of the active 

resistance and inductive coupling with the output circuit on the ñresonance currentò excitation in the converter input 

circuit [12]. 

The aim of the present work is the possible schemes suggestion of the resonant converter of the reactive 

power into the active one and the processes analysis in them. These schemes are united by the existence of the 

resonant parallel circuit and resonant serial circuit. The difference between the schemes consists in the realization 

methods of their principle action. In the first scheme, this is the choice of the corresponding element base. In the 

second one, this is the introduction of the additional auxiliary source of the harmonic voltage. 

 

Problem formulation, calculation expressions 

Electrical schemes. Two possible schemes of the suggested resonant conversion of the reactive power into 

active one are represented on Fig. 1. 
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                            a)                                                                                             b) 

Fig. 1. Electrical schemes of the resonant converter of the reactive power into the active one 

a) the scheme without the additional auxiliary source of the voltage; 

b) the scheme with including the additional auxiliary source of the voltage ï E 
 

They are united by the availability of two inductive coupled resonant circuits ï 1 and 2. The first of them is 

excited in the ñcurrent resonanceò regime, the second one is excited in the ñvoltage resonanceò regime [11]. The 

load of the converter suggested schemes is a resistor in the second resonant circuit. The reactive power source is the 

inductance ï (with current and with voltage) fed by a current. Difference between the schemes represented variants 

consists in the methods of the ñcurrent resonanceò excitation in the circuit ï 1. In the scheme (on Fig. 1. a) a creation 

of the necessary conditions is realized at the expense of its element base choice. In the scheme (on Fig. 1. b) this 

problem is solved by the introduction of the additional harmonic voltage. 

Action Principle. Naturally, electromagnetic processes in the converter circuits affect the current and 

voltage in the reactive power source. If the circuit ï 1 is excited in ñcurrent resonanceò, it should not affect the 

processes in the inductance ï 
0

 L because the current in the output conductors is zero 
02

0J =  and the potential 

difference at the output of the source should determine the voltage ï  U ot on the capacitors without distortion ï 
2

C  

Next, the electromagnetic energy in circuit ï 1 due to the inductive connection 
1 2

L L-  is transferred to 

circuit ï 2. The latter is excited in the ñvoltage resonanceò mode, which allows to minimize losses and obtain output 

active power. current flowing in the load of the converter ï 
2

R . 

The relation of the active power on the output to the input reactive power is the quantitative transformation 

index of one kind of the electromagnetic energy in another with help of the resonant converter suggested schemes. 

It should be marked the common distinguished particularities of the suggested electrical schemes. The first 

of them consists in the application of the parallel circuit with the ñcurrent resonanceò what allows to minimize the 

influence on the processes in the reactive power source. The second one consists in the application of the ñserial 

circuitò with the ñvoltage resonanceò what allows to maximize the output active power in the converter load. 

Let us consider each represented scheme separately. 

The reactive power converter to the active one the scheme of which consists of two resonant R L C  circuits 

without the voltage additional source (Fig. 1 ʘ). 

As it was pointed out, the necessary conditions creation for the ñcurrent resonanceò in the parallel circuit is 

realized at expense of the according element base choice. 

For the solution of the formulated problem we shall accept the following statements. 

1. The suggested scheme of the converter consists of two inductive coupled resonant circuits: parallel and 

serial. 

2 The frequencies of these circuits equal between to each other and 
1 2
w w w= =  ï  is the resonant 

frequency of all converter scheme. 

3 The first resonant circuit ï 1 is connected in parallel to the reactive power source (the inductance coil ï 

0
L ) with the harmonic current and voltage ï () ( )0

s in
m

U t U tw= Ö  (
m

U  ï is the amplitude, w  ï is the 

frequency, t  ï is the time). 

The calculation relationships for theoretical justification of the accepted schemes workability are based on 

the physically ñtransparentò phenomenological statements and on the strict mathematical approach with the use 

methods of the theory electrical circuit [11].  

We start from the second serial active-reactive circuit. The state equation has the view [11]: 

( )2 2 2 1 2 1 2 1 2

2

1
0                                  (1)i L R J i k L L J

C
w w

w

å õå õ
- + Ö + Ö Ö =æ öæ öæ ö

ç ÷ç ÷

 

where  [ ]1 2
0 ,1k Í  ï is the electromagnetic coupling level coefficient between inductances ï 

2
L  and 

1
L . 

In the resonant regime with frequency ï 
2 2

1
 

L C

w= the connection between the currents are being 

installed the expression: 
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( )1 2 1 2

2 1 2

2

                                                            (2 )

i k L L

J J
R

w Ö

= - Ö  

In the first parallel active-reactive circuit the next equations system can be written: 

( )
1

1

1 1 1 2 1 2 1 2 2

1 1

1

,

                                          (3)1
,

C

C

i L R J i k L L J U

U J
i C

w w

w

ë + Ö + Ö Ö =
î
ì

= Öî
í

 

where  
1

 
C

U is the voltage on the parallel branches of the considered circuit. 

From expressions (2) and (3) the currents in the parallel branches ï 
1 2

J  and 
1 1

J  can be found. 

( )( )
1

1

1 2 2

1 2 1 2

1 1

2

1 1 1

1
,

                                      ( 4)

.

C

C

J U
k L L

i L R
R

J U i C

w w
w

w

ë
= Ö

î
å õÖ Öî
+ +æ öì æ ö
ç ÷î

î = Ö
í

 

Their sum determines the current ï J02 in the output conductors from the reactive power source to the 

parallel resonant circuit [11]. 

Skipping the mathematical transformations [12], we receive that 

( )( )
1

0 2 1 1 1 2 1 2

1 2 1 2

1 1

2

1
                                    (5 )

C
J J J U i C

k L L
i L R

R

w
w w

w

å õ

æ ö

æ ö
= + = Ö +

æ ö
å õÖ Ö

æ ö+ +æ öæ öæ ö
ç ÷ç ÷

 

Dependencies (4) and (5) we shall re-write in the format which is comfortable for the next analysis. 

( )

( )

1

1

0 2 1 2

1 1 1 2 1 2

1

2 1 2 2 2

2 1 1 1 2 1 2

1
,

1

                               (6 )

,

1

C

C

J U i C

i L R K Q Q

UL
J ik Q

L i L R k Q Q

w
w

w

ë å õ

î æ ö= Ö +
æ öî + Ö + Ö Ö

î ç ÷
ì

î
= - Ö Ö Öî

+ Ö + Ö Öîí

 

where 1 2

1 2

1 2

  , 
L L

Q Q
R R

w w
= =  ï are Q  ï factors of the resonant circuits of the converter, correspondingly. 

It is obvious from the physical considerations the ñcurrent resonanceò realization in the parallel circuit 

demands quite small of the active resistance and quite weak electromagnetic coupling with the serial circuit. These 

facts determine the converter minimal influence on the reactive power source. 

Neglecting summands 
1

1

1
R

Lw

å õ

æ ö
ç ÷

 and 
2

1 2
1k , we shall receive the next expressions from the formulas 

(6): 

1

1

0 2 1

1

1

2 1 2 2

2 1

1
,

                                                          (7 )

1
,

C

C

J U i C
i L

L
J U K Q

L L

w
w

w

ë å õ
º +î æ ö

î ç ÷
ì

î
º - Ö Ö Ö Ö

î
í

 

In the resonant regime (with frequency 

1 1

1
 

L C

w= ) the expressions (7) accept the view: 

1

0 2

1

2 1 2 2

2 1

0 ,

                                                         (8 )1
.

C

J

L
J U K Q

L Lw

ºë

î
ì

º - Ö Ö Ö Ö
î
í
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It follows from (8), the current in the output wires from the reactive power source will equal to zero and the 

voltage on the parallel circuit branches will equal to the voltage on the terminals of this source, 
1

0C
U U= . 

The ratio of the output active power and the input reactive power (the conversion coefficient) can be 

written in the following way: 

2 02

1 2 2

0 1

.                                                                (9 )
LP

K k Q
P L

å õ
= = Ö Öæ ö

ç ÷

 

The got dependency is the main result of the accepted idealization. According to (9), if 

2 0

1 2 2

1

1
L

k Q
L

å õ
Ö Ö >æ ö
ç ÷

, then not simply conversion but even the resonant amplifying the electrical power will have a 

place.  

For the numerical estimates, we transform the dependencies (6) with normalizing to the current amplitude 

in the reactive power source inductance. 

We receive that  

( )

( )

( )

2

1 2 1 2
0 2 0

0 2 2

2 2
0 1 1

1 1 2 1 2

0

1 2 1 2

1 22

2
2

2 2
0 1

1 1 2 1 2

1

;

1

                                       (1 0 )

.

1

n

n

k Q QJ L
J

J L
Q k Q Q

L
k Q Q

L LJ
J

J
Q k Q Q

ë å õ
+ Ö Öå õî æ ö

= = Öæ öî æ ö
ç ÷æ öî + + Ö Ö

ç ÷î
ì

î Ö Ö Ö

î
= =î

î + + Ö Ö
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The calculated graphical dependencies for the converter experimental model with the considered electrical scheme 

are represented on Fig. 2 ï Fig. 4. 

 

 

)ʘ                                                                       b) 

Fig. 2. The graphical dependencies of the excited currents on the Q-factor of the parallel circuit under  

L0 = L1 = L2 = 14.8 ÕH 

a) Q2 = 5, k12 = 0.05; b) Q2 = 10, k12 = 0.05 

 

 
ʘ)                                                                      b) 

Fig. 3. The dependencies of the excited currents on the electromagnetic coupling level under 

L0 = L1 = L2 = 14.8 ÕH and 12
0 .05=k , 

1 2 1 2
) 50, 10; )  50, 5= = = =ba  Q   Q   Q   Q  
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Fig. 4. The illustration of the electromagnetic processes characteristics in the converter optimal variant under L0 = L1 = L2 = 

170 ÕH, 

2 12
12 .5, 0 .08, 1 .0= = =Q  k  K  

 

The conducted calculations showed the effectiveness of the converter of the reactive power into the active 

one is determined by the following factors. 

Increasing Q-factor of the parallel (the first) circuit allows decreasing its influence on the processes in the 

source what is explained by grows of this circuit inductive inductance relatively to its active resistance (the 

condition of the ñcurrent resonanceò). 

The current limit value in the output from the source under the fixed Q-factor value of the serial (the 

second) circuit is determined by the relationship: 
1

20

0 2 1 2 2

1

l im .
n

Q

L
J k Q

L­ ¤

å õ
= Ö Öæ ö
ç ÷

 

The current amplitude in the load beginning from some Q-factor value of the parallel (the first) circuit does 

not depend on its value and in limit will be equal to 
1

0

2 1 2 2

1 2

lim
n

Q

L
J k Q

L L­ ¤

= Ö Ö 

A balance saves between the grows of the output current and decreasing the current in the output of the 

source demands quite small the electromagnetic coupling level between the circuits what is determined by fulfilling 

the ñcurrent resonanceò conditions in the parallel circuit. 

Finishing to comment the got results, it should be marked that the effective work of the investigated device 

means the maximum of the current and power in the load under the minimal influence on the inductance of the 

reactive power source. 

As the calculations showed the optimal regime of the suggested converter of the reactive power into active 

one is the regime in which the circuits inductances are the same ï L0 = L1 = L2 = 14.8 ÕH, the Q-factors of the 

resonant circuits are 
1

100 .0Q = ,
1

  1 2 .5Q =  and the level of the electromagnetic coupling between the circuits is 

12
0 .08k =  If the working frequency equals to ~ 2 5  k H z  then the active resistance of the parallel circuit has to be 

equaled to R1 å 0.27 Om and the converter active load can equal to R1 å 2.14 Om (it should be marked ï low-

resistance load). 

The current distortion and, correspondingly, the influence index on the source amounts 8,5% ï but the 

currents in the source and in the load are equaled to each other. And the input reactive power is transformed without 

losses in the output active electrical power in the load. 

The reactive power converter to the active one with the harmonic  

voltage additional source (Fig. 1. b) 

The corresponding conditions creation for the ñcurrent resonanceò in the converter parallel circuit is 

realized at the expense of introduction of the harmonic voltage additional source. 

The solution of the formulated problem will be conducted identically to the previous accordingly to the 

following assumptions. 

The equivalent scheme of the converter consists of two inductively coupled resonant circuits: parallel and 

serial. 

The frequencies of these circuits equal to between each other and 
1 2

 ï w w w= = is the resonant 

frequency of all converter scheme. 

The first resonant circuit ï 1 is connected in parallel to the reactive power source (the inductance coil ï 

0
L ) with the harmonic current and voltage ï () ( )0

s in
m

U t U tw= Ö  (
 
 

m
U ï is the amplitude,  ï w is the 

frequency,  ï t is the time). 

The additional harmonic voltage source ï () ( )s in  E t E tw= Ö is connected in the parallel circuit in 

parallel to its capacitance. 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 33 

Identically to the previous the state equations taking into account the voltage additional source can be 

written [11]. 

( )

( ) ( )
1

1

2 2 1 2 1 2 1 2

1 1 1 2 1 2 1 2 2

1 1 1

0;

;                                        (1 1)
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i L R J i k L L J E U

J i C U
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+ Ö + Ö Ö - =ì

î
= Öî
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where 1 2

1 2

1 2

,   
L L

Q Q
R R

w
= = are the  Q  ï factors of the converter circuits, correspondingly. 

The currents in the converter scheme elements are found from the algebraic equations system (11). 
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The current in the output of the reactive power source is found summing the currents in the parallel circuit 

branches taking into account the resonance: 

( )

( )( )

1 2

1 2 1 2

1

0 2 1 1 1 2
2

1 1 1 2 1 2

1
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As it follows from (13) in order to 
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Taking into account that 
1

0C
U U=  and under condition (14) the current in the converter load will equal to  
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The conversion coefficient of the amplitude of the reactive power into active one is being found by the 

known manner [12]: 

2 20

1 2 2

0 1

,                                                                    (1 6 )
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where  

2

0

0

0

 ï 
U

P
Lw

=  is the power of the reactive power source. 

It is obvious that for the converter maximal effectiveness in the whole the additional voltage source 

contribution in the ñcurrent resonanceò realization in the parallel circuit has to be minimal value. For this, as it 

follows from dependencies (14) and (16) it is necessary to create the quite high Q-factor ï 
1

1 Q and the quite 

weak electromagnetic coupling with the serial circuit under its small Q-factor. Formally, the latter requirements will 

be determined by the inequality: 
2

1 2 2
1k QÖ . Under this, the dependence of the conversion power coefficient ï 

(16) demands increasing parameter ï 
2

1 2 2
.k QÖ  

It is obvious from the practical considerations the main parameter in the effectiveness estimations of the 

suggested device is the voltage minimum of the additional source. The first, the coefficient conversion value is not 

so important because the formulated task consisted in the conversion of the reactive power into active one (but it 

was not the power amplify). The second, the coefficient of conversion depends on the relation ï 
0

1

L

L

å õ

æ ö
ç ÷

, what 
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permits regulating its value. In this connection the choice of the parameter ï 
2

1 2 2
 k Q have to be oriented on the 

dependence (14) in the first turn and already after this on dependence (16). 

It is obviously the variations of the marked quantities and the correspondingly correct choice of the key 

parameters of the suggested scheme will allow to determine the demanded voltage of the additional source and the 

conversion coefficient of the reactive power into active one. 

The numerical estimates which illustrate usage of the got dependencies and the qualitative analysis results 

we shall fulfill for the converter experimental model. Let us start from the following initial 

data:
2

1 2 2 1 2 2
0 .1 ( 0 ,1,  1 0 )k Q k Q= = =  the source reactive power inductance is 

0
170  µ HL = , the parallel 

circuit inductance is 
1

1 7µ HL = , the working frequency is 2 2 5 0 0 0  H z.w p=  If 
2 0

170  µ HL L= =  the 

acceptable value of the load active resistance will be equaled to 2

2

2

2 .7  O m
L

R
Q

w
= = . Under the active resistance 

of the parallel circuit ï 
1

0 .1 O m  R =  its Q-factor will be equaled to 1

1

1

2 6 .7 .
L

Q
R

w
= =  

Now the conversion coefficient from the formula (16) will equal to ï 1 .0K = , the voltage of the 

additional source from the formula (14) will equal to ï 
1

0 .1 4
C

E Uº what amounts to ~ 14% of the voltage of 

the reactive power source. 

The functional dependencies ï ( )2 1,2
, K K R k=  are represented on Fig. 5. 

 

 
ʘ)                                                                                                         b) 

Fig. 5. The conversion coefficient of the reactive power into active one in the converter experimental model ʘ) the dependence 

on the load resistance (
1 2

0 .1=k ), 

b) the dependence on the electromagnetic coupling level between the circuits (
2

2 .5= O mR   ) 

 

From dependencies on Fig. 5 the conclusion follows about the possibility work of the reactive power 

converter into active one as the electrical power amplifier. It is obvious from the graphic on Fig. 5 that under the 

quite real level of the electromagnetic coupling between the circuits ï 
1 2

0 .1 k = and the active load value ï 

2
1 .5  ʆm R <  the conversion coefficient amounts ï 1 .K >  

The presented estimates suggest that the proposed converter circuit, with an appropriate choice of its 

parameters, makes it possible to obtain amplified active power in a low-resistance load at the output of the device 

under study. 

It should be noted that in the converter experimental model the necessary voltage of the additional foreign 

source can be practically to install at expense variation of its amplitude-phase characteristics till receiving the zero 

current in conductors from the output clips of the reactive power source. 

 

Conclusions 

The possible schemes of the resonant converter of reactive power into active one the common thing for 

which is existence of two inductively coupled active-reactive circuits but different by the ways of the resonant 

conditions creation are suggested.  

For the scheme where the resonance excitation is fulfilled by the corresponding choice of its parameters the 

conditions are determined the realization of which minimizes the suggested scheme influence on the processes in the 

reactive power source under the current maximum in the converter load. 

The calculations for the experimental model showed that under the corresponding choice of the element 

base it is possible the real receiving the conversion coefficient ~ 1.0 under minimum influence on the current in the 

reactive power source (till ~ 8,5 %). 
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For the scheme with the additional source of the harmonic voltage it is shown that under corresponding 

tuning the negative influence of the converter scheme on the reactive power source can be fully excluded. 

The numerical estimates for the experimental model with the additional source of the harmonic voltage 

showed its practical workability and the high effectiveness of the power conversion. 
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ɼʆʉʃɯɼɾɽʅʅʗ ɿʄɯʅʀ ʄʆɼɽʃɯ ʇʆɹʋɼʆɺʀ ʉʊɸɹɯʃɯɿɸʊʆʈɸ ɿ ʄɽʊʆʖ 

ʇɯɼɺʀʑɽʅʅʗ ʊʆʏʅʆʉʊɯ 
 
ˠ ̨̒̓́̓̓ ̨̙̃̉̑̆̎̏ ̝́̋̓̔́̌̎̔ ̐̑̏̂̌̆̍̔ - ̨̅̏̒̌̅̇̆̎̏ ̨̈̍̎̉ ̨̍̏̅̆̌ ̐̏̂̔̅̏̃̉ ̨̨̒̓́̂̌̈́̓̏̑́ ̈ ̟̍̆̓̏ 

̨̠̐̅̃̉̆̎̎̚ ̨̘̓̏̎̏̒̓Ȣ ˠ ̨̗̐̑̏̆̒ ̨̨̗̩̏̐̓̉̍̈́ ̂̔̌̏ ̘̃̉̈̎́̆̎̏ ̨̏̒̎̏̃̎ ̨̃́̑́̎̓̉ ̝̖̏̐̓̉̍́̌̎̉ ̘̝̈̎́̆̎ 
̙̝̖̎́̌́̓̔̃́̌̎̉ ̨̨̨̗̤̋̏̆̎̓̃̕ ̂̌̏̋̔ ̨̠̔̐̑́̃̌̎̎ ̨̨̒̓́̂̌̈́̓̏̑́Ȣ ˑ̠̌ ̙̖̐̆̑̉ ̝̖̓̑̏ ̨̨̃́̑́̎̓̃ ̙̝̖̎́̌́̓̔̃́̌̎̉  
̨̨̨̗̤̋̏̆̎̓̃̕ ̐̑̏̃̆̅̆̎̏ ̨̠̝̐̏̑̃̎̌̎̆ ̟̠̍̏̅̆̌̃́̎̎ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̖̅̃̏  ̨̓̉̐̃ ˑ˗˥ȡ ː˟ψϊ ̓́  'φτ-075-100 ̨̈ 
̟̒̍̔̄̏ ̠̐̑̏̐̔̒̋́̎̎ υττ ː̗Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ ̨̝̙̠̈̂̌̆̎̎ ̨̨̗̤̋̏̆̎̓́̕ ̨̠̐̅̒̉̌̆̎̎ ̐̏̈̉̓̉̃̎̏ ̤̃̐̌̉̃́ ̎́ ̨̝̇̏̑̒̓̋̒̓ 
̒̉̒̓̆̍̉Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ȟ ̎́ ̨̨̃̅̍̎̔ ̨̃̅ ̨̨̒̓́̂̌̈́̓̏̑́ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ː˟ψϊȟ ̠̔̃̆̅̆̎̎ ˑ˗˥  ˙˒˙˞ ̠̤̅̏̈̃̏̌ 
̨̝̙̈̂̌̔̃́̓̉ ̨̨̗̤̋̏̆̎̓̕ ̨̠̐̅̒̉̌̆̎̎ ̊ ̓̉̍ ̒́̍̉̍ ̨̐̅̃̉̉̓̉̚ ̨̝̇̏̑̒̓̋̒̓ ̒̉̒̓̆̍̉Ȣ ˠ ̨̝̑̆̈̔̌̓́̓ ̟̠̍̏̅̆̌̃́̎̎ 
̐̏̋́̈́̎̏ȟ ̏̚ ̠̐̑̉̊̎̓̎́ ̨̘̅̉̎́̍̎́ ̐̏̍̉̌̋́ ̨̤̝̠̈̂̆̑̄́̓̒ ̐̑̉ ̝̙̐̏̅́̌̏̍̔ ̨̨̝̙̈̂̌̆̎̎ ̨̨̗̤̋̏̆̎̓́̕ ̨̠̐̅̒̉̌̆̎̎ ̅̏ ˗ ̔

Єυτύ ̨ ˗ ̔ ЄυυϊȢ ˔̨̝̙̠̂̌̆̎̎ ̨̨̗̤̋̏̆̎̓́̕ ˗ ̔̅̏ ̘̠̈̎́̆̎̎ υφφ ̝̐̑̉̈̃̏̅̉̓ ̅̏ ̨̝̙̠̈̂̌̆̎̎ ̨̝̋̏̌̉̃́̌̎̏̒̓ 
̨̘̩̅̉̎́̍̎̏ ̐̏̍̉̌̋̉ ̨̨̒̓́̂̌̈́̓̏̑́Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̈ ̙̠̈̍̆̎̆̎̎̍ ̨̨̗̤̋̏̆̎̓́̕ ̨̠̐̅̒̉̌̆̎̎ ̖́̑́̋̓̆̑ ̨̈̍̎̉ 
̨́̍̐̌̓̔̅̉ ̨̘̩̅̉̎́̍̎̏ ̐̏̍̉̌̋̉ ̠̅̌ ˑ˗˥ ː˟-ψϊ ̓́ 'φτ-075-υττ ̨̤̝̠̈̂̄́̓̒Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̘̃̉̒̏̋̏́̒̓̏̓̎ 

̠̋̏̌̉̃́̎̎ȟ ̨̠̋ ̟̝̍́̓ ̨̗̍̒̆ȟ ̨̏̂̔̍̏̃̌̆̎ ̝̅̏̒̉̓ ̃̉̒̏̋̉̍ ̨̨̗̤̋̏̆̎̓̏̍̕ ̨̠̐̅̒̉̌̆̎̎ ˗̔ ЄυτφȢ ˜̏̋́̈́̎̏ȟ ̏̚ 
̠̈́̒̓̏̒̔̃́̎̎ ˑ˗˥ ˙˒˙˞ȟ ̏̚ ̖̤̝̠́̑́̋̓̆̑̉̈̔̓̒ ̃̉̒̏̋̉̍̉ ̑̆̈̏̎́̎̒̎̉̍̉ ̘́̒̓̏̓́̍̉ȟ ̠̤̅̏̈̃̏̌ ̟̘̃̉̋̌̉̓̉ 
̒̍̔̄̏̃̉̊ ̨̝̌̓̑̕ ̨̈ ̒̋̌́̅̔ ̨̨̒̓́̂̌̈́̓̏̑́Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̈ ̨̝̙̠̈̂̌̆̎̎̍ ̒̍̔̄̉ ̠̐̑̏̐̔̒̋́̎̎ ˑ˗˥ ̘̤̝̠̈́̂̆̈̐̆̔̓̒ 
̨̝̙̂̌ ̐̌́̃̎̆ ̨̗̝̠̃̅̐̑́̏̃̔̃́̎̎ ̈́̅́̎̏̄̏ ̨̄́̑̍̏̎̊̎̏̄̏ ̃̐̌̉̃̔Ȣ ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̨̠̐̅̃̉̆̎̎̚ ̨̘̖̓̏̎̒̎̉ 
̖́̑́̋̓̆̑̉̒̓̉̋ ̍̏̇̆ ̂̔̓̉ ̠̅̏̒̄̎̔̓̏ ̈́ ̖̑́̔̎̏̋ ̙̠̈̍̆̎̆̎̎ ̨̅̉̒̋̑̆̓̎̏̒̓ ̏̂̑̏̂̋̉ ̗̉̑̏̃̉̍̕ ̘̟̘̏̂̉̒̌̃́̆̍ ̂̌̏̋̔ 
̨̠̔̐̑́̃̌̎̎ ̅̏ υȟτ ̍̒ ̓́ ̟̐̏̌̏̒̏ ̠̐̑̏̐̔̒̋́̎̎ ̎̆ ̙̍̆̎̆ υττ ː̗Ȣ ˔̘́̂̆̈̐̆̆̎̏ ̨̃̉̒̏̋ ̃̉̍̏̄̉ ̏̅̏̚ ̨̘̓̏̎̏̒̓ 
̨̨̒̓́̂̌̈́̓̏̑́ ɀ ̅ ̨̘̉̎́̍̎́ ̖̐̏̉̂̋́ ̎̆ ̤̐̆̑̆̃̉̔̚ υ ̓Ȣ̅Ȣ ɉχȢϊ ̋̔̓Ȣ ̖̃ɊȢ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̒̓́̂̌̈́̓̏̑ȟ ̨̘̅̉̎́̍̎́ ̖̐̏̉̂̋́ȟ ̟̠̍̏̅̆̌̃́̎̎ȟ ̨̄́̑̍̏̎̊̎̉̊ ̃̐̌̉̃ȟ ̨̝̍̐̔̌̒̎̉̊ ̃̐̌̉̃ȟ 
̨̙̝̎́̌́̓̔̃́̌̎ ̨̨̗̤̋̏̆̎̓̉̕ȟ ̨̨̗̤̋̏̆̎̓̕ ̨̠̐̅̒̉̌̆̎̎Ȣ 
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RESEARCH OF THE CHAN GE OF THE STABILIZER  CONSTRUCTION MODEL WI TH THE PURPOSE OF 

INCREASING ACCURACY  
 

The article solves an actual problem - changes in the stabilizer construction model are investigated in order to increase accuracy. 
In the process of optimization, the main variants of the optimal values of the adjustment coefficients of the stabilizer control unit were 
determined. For the first three variants of the tuning coefficients, comparative modeling was carried out using two types of DCS: GT 46 and 
G20-075-100 with a bandwidth of 100 Hz. It is shown that an increase in the amplification factor has a positive effect on the rigidity of the 
system. It is shown that, in contrast to the stabilizer using GT46, the introduction of the DCS MEMS allows to increase the amplification factor 
and thereby increase the rigidity of the system. As a result of the simulation, it is shown that the acceptable dynamic error is preserved when 
the amplification factor is further increased to Ku = 109 and Ku = 116. An increase in the Ku coefficient to a value of 122 leads to an increase 
in the fluctuation of the dynamic error of the stabilizer. It was established that with a decrease in the amplification factor, the nature of the 
change in the amplitude of the dynamic error for the GT-46 and G20-075-100 DCS coincides. It was established that the high-frequency 
oscillations that occur are caused by a rather high amplification factor Ku=102. It is shown that the use of the DCS MEMS, which is 
characterized by high resonant frequencies, makes it possible to exclude the bandpass filter from the stabilizer. It was established that with 
an increase in the bandwidth of the DCS, a smoother working out of the given harmonic influence is ensured. It was determined that an 
increase in accuracy characteristics can be achieved by reducing the discreteness of processing by the digital computer of the control unit to 
1.0 ms and a bandwidth of at least 100 Hz. High requirements for the accuracy of the stabilizer are ensured - the dynamic error does not 
exceed 1 td. (3.6 angular min). 

Key words: stabilizer, dynamic error, modeling, harmonic influence, impulse influence, adjustment factors, gain factor. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ: ʫ ʛʨʘʚʽʤʝʪʨʽʾ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʩʝʡ 

ʯʫʪʣʠʚʦʩʪʽ ʥʘʚʽʛʘʮʽʡʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʛʨʘʚʽʤʝʪʨʽʚ , ʘʢʩʝʣʝʨʦʤʝʪʨʽʚ), ʫ ʚʽʡʩʴʢʦʚʽʡ ʛʘʣʫʟʽ ʜʣʷ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʦʟʙʨʦʻʥʥʷ  ʪʘ ʽʥ. 

ɺʽʜ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʚʝʣʠʢʠʤ ʯʠʥʦʤ ʟʘʣʝʞʠʪʴ ʷʢ ʪʦʯʥʽʩʪʴ ʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʽ  

ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʦʟʙʨʦʻʥʥʷ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ 

ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 
ʉʪʘʙʽʣʽʟʘʪʦʨʘʤ ʧʨʠʩʚʷʯʝʥʘ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ [1ï12 ʪʘ ʽʥ.]. ʋ [5] ʦʧʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ 

ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʩʪʘʙʽʣʽʟʘʮʽʾ.  ɺ [7] ʥʘʜʘʥʦ ʪʝʭʥʽʯʥʠʡ ʦʧʠʩ ʪʘ ʜʝʷʢʽ ʚʢʘʟʽʚʢʠ ʱʦʜʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ. ɺ [8] ʚʠʩʚʽʪʣʝʥʦ ʘʚʪʦʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤʠ. ʋ [6]  ʥʘʜʘʥʦ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʟʘʢʦʨʜʦʥʥʠʭ ʩʠʩʪʝʤ ʥʘʚʝʜʝʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʾ.  

ʆʜʥʘʢ, ʟ ʚʽʜʦʤʦʾ ʣʽʪʝʨʘʪʫʨʠ [1ï12 ʪʘ ʽʥ.], ʧʨʠʩʚʷʯʝʥʦʾ ʩʪʘʙʽʣʽʟʘʪʦʨʘʤ, ʚʠʜʥʦ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʤʦʜʝʣʽ ʧʦʙʫʜʦʚʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ.   

ʊʦʤʫ ʤʝʪʘ ʜʘʥʦʾ ʩʪʘʪʪʽ ï ʚʠʩʚʽʪʣʠʪʠ ʧʠʪʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʤʽʥʠ ʤʦʜʝʣʽ ʧʦʙʫʜʦʚʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. 

ɿʘʚʜʘʥʥʷ ʩʪʘʪʪʽ ʥʘʩʪʫʧʥʽ: 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʧʦʣʦʩʠ ʧʨʦʧʫʩʢʘʥʥʷ; 

- ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʜʠʩʢʨʝʪʥʦʩʪʽ ʦʙʯʠʩʣʝʥʥʷ; 

- ʦʮʽʥʠʪʠ ʽʤʧʫʣʴʩʥʠʡ ʚʧʣʠʚ; 

- ʦʮʽʥʠʪʠ ʧʦʭʠʙʢʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʥʘ ʛʘʨʤʦʥʽʡʥʠʡ ʩʠʛʥʘʣ. 
 

ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʪʘʪʪʽ 

ɹʫʣʦ ʧʨʦʚʝʜʝʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʪʨʘʜʠʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʛʦ ʛʽʨʦʩʢʦʧʽʯʥʦʛʦ ʜʘʪʯʠʢʘ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ (ɼʂʐ) ɻʊ46, ʪʘʢ ʽ ʩʝʥʩʦʨʫ ʥʦʚʦʛʦ ʪʠʧʫ, ʂʦʨʠʦʣʽʩʦʚʘ ʚʽʙʨʘʮʽʡʥʦʛʦ ʛʽʨʦʩʢʦʧʘ (ʂɺɻ) [1,2]. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʂɺɻ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʫʯʘʩʥʦʛʦ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ. 

ʊʘʢʽ ʜʘʪʯʠʢʠ ʤʘʶʪʴ ʰʠʨʦʢʫ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʣʘʪʬʦʨʤ ʽʟ 

ʫʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ ʡ ʩʠʩʪʝʤʘʤʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʨʽʟʥʦʛʦ 

ʢʣʘʩʫ, ʚʠʤʽʨʶʚʘʣʴʥʠʤʠ ʙʣʦʢʘʤʠ ʜʣʷ ʽʥʝʨʮʽʘʣʴʥʦʾ ʥʘʚʽʛʘʮʽʾ. 

ʆʜʥʦʯʘʩʥʦ ʟ ʛʽʨʦʪʘʭʦʤʝʪʨʦʤ ɻʊ46 [1,2] ʪʘ ɼʂʐ ʂɺɻ ʟ ʧʦʣʦʩʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʜʠʩʢʨʝʪʥʽʩʪʶ 

ʦʙʯʠʩʣʝʥʥʷ 100 ɻʮ [5], ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʦʮʽʥʢʠ ʽ ʜʣʷ ɼʂʐ ʪʠʧʽʚ MEMSG20-075-100 ʟ ʧʦʣʦʩʦʶ 

ʧʨʦʧʫʩʢʘʥʥʷ 100ɻʮ ʽ ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʥʦʛʦ ʛʽʨʦʩʢʦʧʘ (ɺʆɻ) ɺɻ910ʌ [6] ʟ ʧʦʣʦʩʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 450 ɻʮ, 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. 

 

         
ʘ)                             ʙ)                               ʚ)                                ʛ) 

ʈʠʩ. 1. ɼʘʪʯʠʢʠ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ: ʘ) ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʡ ʛʽʨʦʪʘʭʦʤʝʪʨ ɻʊ46; ʙ) ʂʦʨʽʦʣʽʩʦʚʠʡ ʚʽʙʨʘʮʽʡʥʠʡ ʛʽʨʦʩʢʦʧ 

ʂɺɻ26; ʚ) ʦʧʪʠʢʦ-ʚʦʣʦʢʦʥʥʠʡ ʛʽʨʦʩʢʦʧ ɺɻ910ʌ;  

ʛ) ʤʽʢʨʦʤʝʭʘʥʽʯʥʠʡ ʛʽʨʦʩʢʦʧ (ʄɽʄʉ) CRS03 

 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʜʠʩʢʨʝʪʥʦʩʪʽ 

ʦʙʯʠʩʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ. 

ʇʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʩʭʝʤʠ ʛʽʨʦʩʢʦʧʽʯʥʠʭ ʚʠʤʽʨʶʚʘʯʽʚ ɻʊ46, ʂɺɻ100 

ʪʘ ɺɻ910ʌ [9ï11]. ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʜʘʪʯʠʢʽʚ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʥʘʚʝʜʝʥʦ ʫ  ʪʘʙʣʠʮʽ 1 [1].   

ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʚʝʜʝʥʥʷ ʜʘʪʯʠʢʽʚ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʥʦʚʠʭ ʪʠʧʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʧʦʣʦʞʝʥʴ, ʷʢ ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʘʤʝʪʨʽʚ 

ʧʦʩʠʣʝʥʥʷ ɼʂʐ, ʧʦʩʪʽʡʥʘ ʯʘʩʫ ʽʥʪʝʛʨʘʪʦʨʘ, ʘ ʪʘʢʦʞ ʥʘʣʘʰʪʫʚʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʫ ʢʦʥʪʫʨʘʭ ʢʝʨʫʚʘʥʥʷ. 
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ʊʘʙʣʠʮʷ 1 

ʊʘʙʣʠʮʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʪʯʠʢʽʚ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ 

 

ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʅ2  - ʥʦʨʤʠ ʟʘʤʢʥʝʥʦʾ ʧʝʨʝʜʘʪʥʦʾ ʬʫʥʢʮʽʾ ʣʽʥʽʡʥʦʾ 

ʤʦʜʝʣʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ 

                         ( )2 ,
1

( ) ( )
2

t r W j W j dʅ w w w
p

¤

*

-¤

= ñ
     (1) 

ʜʝ  W(jɤ) - ʧʝʨʝʜʘʪʥʘ ʬʫʥʢʮʽʷ  ʩʠʩʪʝʤʠ ʩʪʘʙʽʣʽʟʘʮʽʾ, 

* - ʩʠʤʚʦʣ ʢʦʤʧʣʝʢʩʥʦ-ʩʧʦʣʫʯʝʥʦʾ ʤʘʪʨʠʮʽ. 

ʆʙʨʘʥʠʡ ʢʨʠʪʝʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʢʝʨʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ 

ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ. 

ʋ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2. 

 

ʊʘʙʣʠʮʷ 2 

ʆʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʣʦʢʘ ʫʧʨʘʚʣʽʥʥʷ [1] 

 
ʂʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ 

ʪʨʘʢʪʫ ʫʧʨʘʚʣʽʥʥʷ 0·136 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʫ 

ʛʽʨʦʪʘʭʦʤʝʪʨʘ 0·125 

ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ ʚ ʣʘʥʮʶʟʽ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʦ ʩʪʨʫʤʫ 

0·125 

ɺʘʨʽʘʥʪ 1 102 9 10 

ɺʘʨʽʘʥʪ 2 85 7 8 

ɺʘʨʽʘʥʪ 3 44 6 8 

ɺʘʨʽʘʥʪ 4 102 7 10 

ɺʘʨʽʘʥʪ 5 109 6 2 

ɺʘʨʽʘʥʪ 6 109 7 2 

 

ɺ ʦʩʥʦʚʫ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʦʮʽʥʢʘ ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʽ 

ʡʦʛʦ ʨʝʘʢʮʽʷ ʥʘ ʽʤʧʫʣʴʩʥʠʡ ʚʧʣʠʚ. 

ʆʮʽʥʢʘ ʜʠʥʘʤʽʯʥʦʾ ʧʦʭʠʙʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʥʘ 

ʛʘʨʤʦʥʽʡʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʦʜʘʚʘʚʩʷ ʥʘ ʚʭʽʜ ɼʂʐ (ʨʠʩ. 2).    

ɸʤʧʣʽʪʫʜʘ ʪʘ ʯʘʩʪʦʪʘ ʟʤʽʥʠ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʣʠʚʘʥʥʷʤ ʢʦʨʧʫʩʫ ʚʠʨʦʙʫ ʟ ʘʤʧʣʽʪʫʜʦʶ 2,5Ü ʪʘ 

ʯʘʩʪʦʪʦʶ 0,8 ɻʮ ʪʘ ʘʥʘʣʦʛʽʯʥʽ ʤʝʪʦʜʘʤ ʚʠʧʨʦʙʫʚʘʥʴ 2ʕ52 [1, 2]. 

ʆʮʽʥʢʘ ʽʤʧʫʣʴʩʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʚʦʜʠʣʘʩʷ ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʥʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʤʧʫʣʴʩʽʚ, 

ʱʦ ʧʦʜʘʚʘʣʠʩʴ ʥʘ ʚʭʽʜ ɼʂʐ. ʇʘʨʘʤʝʪʨʠ ʽʤʧʫʣʴʩʥʠʭ ʚʧʣʠʚʽʚ ʧʨʠʡʤʘʣʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʜʘʥʠʤʠ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʫʜʘʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ - ʪʨʠʚʘʣʽʩʪʴ ʽʤʧʫʣʴʩʫ 5,0 ʤʩ ʟ ʘʤʧʣʽʪʫʜʦʶ 

0,5 ʨʘʜ/ʩ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʭʽʜʥʦʤʫ ʩʠʛʥʘʣʫ ɻʊ46 ʥʘ ʨʽʚʥʽ 6ɺ.  
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ʈʠʩ. 2. ɻʘʨʤʦʥʽʡʥʠʡ ʚʧʣʠʚ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʘ ʚʭʦʜʽ ɼʂʐ [1] 

 

ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ɼʂʐ. 

ʋ ʧʨʦʮʝʩʽ ʤʦʜʝʣʶʚʘʥʥʷ [1, 2, 5, 6] ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʣʦʢʫ 

ʢʝʨʫʚʘʥʥʷ, ʟʥʘʯʝʥʥʷ ʷʢʠʭ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 1. ʄʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ. 

ɼʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ  ʪʠʧʽʚ ʩʝʥʩʦʨʽʚ: ɻʊ46 ʪʘ  G20-075-100 ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 100 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3 ʪʘ ʨʠʩ. 4.  ʇʦʢʘʟʘʥʦ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ.  
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ʈʠʩ. 3. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ɻʊ46 ʧʨʠ ʟʘʚʜʘʥʥʽ  

ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) ʜʣʷ  ʚʘʨʽʘʥʪʘ 1 

ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʈʠʩ. 4.  ɼʠʥʘʤʽʯʥʘ  ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʟ G20-075-100  

ʧʨʠ ʟʘʚʜʘʥʥʽ ʩʠʛʥʘʣʫ 

0,219Cos(5,02t+p/2)  ʜʣʷ  

ʚʘʨʽʘʥʪʘ 1 ʥʘʣʘʰʪʫʚʘʥʥʷ 
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ʈʠʩ. 5. ɼʠʥʘʤʽʯʥʘ  ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ G20-075-100 ʧʨʠ 

ʟʘʚʜʘʥʥʽ ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 
ʜʣʷ ʚʘʨʽʘʥʪʘ 1 

ʥʘʣʘʰʪʫʚʘʥʥʷ Kʫ=109 

ʈʠʩ. 6. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ  

G20-075-100 ʧʨʠ ʟʘʚʜʘʥʥʽ ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 

ʜʣʷ 

ʚʘʨʽʘʥʪʘ 1 ʥʘʣʘʰʪʫʚʘʥʥʷ ʂʫ=116 
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ʅʘʡʙʽʣʴʰʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʘʨʽʘʥʪ 1 ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ. ʅʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻʊ46, ʫʚʝʜʝʥʥʷ ɼʂʐ  ʄɽʄʉ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ ʡ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠʡʥʷʪʥʘ 

ʜʠʥʘʤʽʯʥʘ ʧʦʤʠʣʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʦ ʂʫ =109 ʽ ʂʫ 

=116. ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʂʫ ʜʦ ʟʥʘʯʝʥʥʷ 122 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʾ ʧʦʤʠʣʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʦ 109 ʽ 

116 ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 5  ʪʘ 6. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʜʨʫʛʦʛʦ ʡ ʪʨʝʪʴʦʛʦ ʚʘʨʽʘʥʪʽʚ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 7- 8. 
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ʈʠʩ. 7. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ɻʊ46 ʧʨʠ ʟʘʚʜʘʥʥʽ 

ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 

ʜʣʷ ʚʘʨʽʘʥʪʘ 2 ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʈʠʩ. 8. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ G20-075-100 ʧʨʠ 

ʟʘʚʜʘʥʥʽ ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 

ʜʣʷ ʚʘʨʽʘʥʪʘ 2 

ʥʘʣʘʰʪʫʚʘʥʥʷ 
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ʈʠʩ. 9. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ɻʊ46 ʧʨʠ ʟʘʚʜʘʥʥʽ 

ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 

ʜʣʷ ʚʘʨʽʘʥʪʘ 3 ʥʘʣʘʰʪʫʚʘʥʥʷ ʂʋ 

=44 

ʈʠʩ. 10. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ G20-075-100 ʧʨʠ 

ʟʘʚʜʘʥʥʽ ʩʠʛʥʘʣʫ 0,219Cos(5,02t+p/2) 

 

ʜʣʷ  ʚʘʨʽʘʥʪʘ 3 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʂʋ =44 

 

ɸʥʘʣʽʟ ʨʠʩ. 5-6 ʧʦʢʘʟʫʻ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ 

ʜʠʥʘʤʽʯʥʦʾ ʧʦʤʠʣʢʠ ʜʣʷ ɼʂʐ ɻʊ-46 ʪʘ G20-075-100 ʟʙʽʛʘʻʪʴʩʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʫʩʢʘʪʠ, ʱʦ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʨʠʩ. 3, ʦʙʫʤʦʚʣʝʥʽ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ 

ʂʫ=102. ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ ʪʝ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʽʟ ɻʊ46 ʚʭʦʜʠʪʴ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ (ʨʠʩ. 11). ɿʘʩʪʦʩʫʚʘʥʥʷ ɼʂʐ ʄɽʄʉ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ 

ʨʝʟʦʥʘʥʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ ʽʟ ʩʢʣʘʜʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ. 

ɿʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʦ 44 (ʨʠʩ. 9 ʪʘ 10, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʘʨʽʘʥʪʫ 3 ʥʘʣʘʰʪʫʚʘʥʥʷ) 

ʘʤʧʣʽʪʫʜʘ ʜʠʥʘʤʽʯʥʦʾ ʧʦʤʠʣʢʠ ʽ ʭʘʨʘʢʪʝʨ ʾʾ ʟʤʽʥʠ ʩʪʘʶʪʴ ʽʜʝʥʪʠʯʥʠʤʠ. ʇʨʠ ʮʴʦʤʫ, ʘʤʧʣʽʪʫʜʘ ʜʠʥʘʤʽʯʥʦʾ 

ʧʦʤʠʣʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʝʨʝʚʠʱʫʻ ʧʨʠʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʫ 2 ʨʘʟʠ. 
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ʈʠʩ. 11.  ʃɸʏʍ ɻʊ46 ʟ ʨʝʟʦʥʘʥʩʦʤ 20 ɻʮ[1] 

 

ʅʘʚʝʜʝʤʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʰʠʨʠʥʠ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ ʥʘ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 12-15, ʜʝ ʟʘʜʘʶʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ 100 ɻʮ, 200 ɻʮ, 300 ɻʮ, 400 ɻʮ ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʘʨʽʘʥʪ 

4 ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘʙʣ. 1. ʅʘ ʨʠʩ. 15 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʠʥʘʤʽʯʥʫ ʧʦʭʠʙʢʫ ʉʆ ʧʨʠ ʜʠʩʢʨʝʪʥʦʩʪʽ 1,0 

ʤʩ  ʜʣʷ ɼʂʐ ʪʠʧʫ ɺɻ910ʌ. ʅʘ ʨʠʩ. 17 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʧʨʠ 

ʜʠʩʢʨʝʪʥʦʩʪʽ 1,0 ʤʩ ʜʣʷ ɼʂʐ ʪʠʧʫ ɺɻ910ʌ. ɻʨʘʬʽʯʥʽ ʜʘʥʽ ʟ ʥʘʚʝʜʝʥʠʭ ʨʠʩʫʥʢʽʚ ʜʝʤʦʥʩʪʨʫʶʪʴ, ʱʦ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʧʣʘʚʥʝ ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʧʣʠʚʫ, 

ʱʦ ʟʘʜʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ï ʜʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 1 ʪ.ʜ. (3.6 ʢʫʪ. ʭʚ). 
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ʈʠʩ. 12. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ 100 

ɻʮ 

ʈʠʩ. 13. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ 200 

ɻʮ 
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ʈʠʩ. 14. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ 300 

ɻʮ 

ʈʠʩ. 15. ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʧʨʠ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ 400 

ɻʮ 

 

  
ʈʠʩ. 16.  ɼʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʉʆ ʧʨʠ ʜʠʩʢʨʝʪʥʦʩʪʽ 1,0 ʤʩ ʜʣʷ 

ɺɻ910ʌ 

ʈʠʩ. 17. ɺʽʜʧʨʘʮʶʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʤʧʫʣʴʩʽʚ ʧʨʠ 

ʜʠʩʢʨʝʪʥʦʩʪʽ 1,0 ʤʩ ʜʣʷ ɺɻ910ʌ 

  

ɺʠʩʥʦʚʢʠ 

1. ʋ ʧʨʦʮʝʩʽ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ 
ʢʦʝʬʽʮʽʻʥʪʽʚ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʩʪʘʙʽʣʽʟʘʪʦʨʘ; 

2. ɼʣʷ ʧʝʨʰʠʭ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ ʥʘʣʘʰʪʫʚʘʣʴʥʠʭ  ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʚʦʭ  ʪʠʧʽʚ ɼʂʐ: ɻʊ46 ʪʘ  G20-075-100 ʟʽ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 100 ɻʮ. ʈʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3 ʪʘ 4.  ʇʦʢʘʟʘʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ; 

3. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ɻʊ46, ʫʚʝʜʝʥʥʷ ɼʂʐ ʄɽʄʉ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʫʚʘʪʠ 
ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʡ ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʩʠʩʪʝʤʠ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʧʨʠʡʥʷʪʥʘ ʜʠʥʘʤʽʯʥʘ ʧʦʤʠʣʢʘ ʟʙʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʜʦ ʂʫ 

=109 ʽ ʂʫ =116. ɿʙʽʣʴʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʂʫ ʜʦ ʟʥʘʯʝʥʥʷ 122 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʠʚʘʣʴʥʦʩʪʽ 

ʜʠʥʘʤʽʯʥʦʾ ʧʦʤʠʣʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ; 

4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʘʤʧʣʽʪʫʜʠ ʜʠʥʘʤʽʯʥʦʾ 

ʧʦʤʠʣʢʠ ʜʣʷ ɼʂʐ ɻʊ-46 ʪʘ G20-075-100 ʟʙʽʛʘʻʪʴʩʷ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʧʫʩʢʘʪʠ, ʱʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ, ʦʙʫʤʦʚʣʝʥʽ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʧʽʜʩʠʣʝʥʥʷ =102. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ɼʂʐ ʄɽʄʉ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʨʝʟʦʥʘʥʩʥʠʤʠ ʯʘʩʪʦʪʘʤʠ, ʜʦʟʚʦʣʷʻ ʚʠʢʣʶʯʠʪʠ ʩʤʫʛʦʚʠʡ 

ʬʽʣʴʪʨ ʽʟ ʩʢʣʘʜʫ ʩʪʘʙʽʣʽʟʘʪʦʨʘ; 

5. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ ɼʂʐ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʙʽʣʴʰ ʧʣʘʚʥʝ 

ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʛʘʨʤʦʥʽʡʥʦʛʦ ʚʧʣʠʚʫ, ʱʦ ʟʘʜʘʻʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʱʦʜʦ ʪʦʯʥʦʩʪʽ 

ʩʪʘʙʽʣʽʟʘʪʦʨʘ ï ʜʠʥʘʤʽʯʥʘ ʧʦʭʠʙʢʘ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʪ.ʜ. (3.6 ʢʫʪ. ʭʚ); 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 43 

6. ʄʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʜʠʩʢʨʝʪʥʦʩʪʽ ʦʙʨʦʙʢʠ ʮʠʬʨʦʚʠʤ ʦʙʯʠʩʣʶʚʘʯʝʤ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ ʜʦ 1, 0 

ʤʩ ʪʘ ʧʦʣʦʩʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʥʝ ʤʝʥʰʝ 100 ɻʮ. 
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̓́ ̨̈́̐̑̏̐̏̎̏̃́̎ ̨̨̝̏̑̉̄̎́̌̎ ̨̩̅̆ȟ ̏̚ ̠̝̅̏̈̃̏̌̓ ̙̈̍̆̎̉̓̉ ̎̆̄́̓̉̃̎̉̊ ̃̐̌̉̃ ̨̗̂̔̅̃̎̉̓̃́ ̎́ ̨̠̅̏̃̋̌̌ ̓́ 
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çGREEN FLOORS" ï THE FUTURE OF ECOLOG ICAL CITIES  
 

In this work the project of a multi-story ecological residential building with ȺÇÒÅÅÎ ÆÌÏÏÒÓȻ ÉÓ ÄÅÖÅÌÏÐÅÄ ÁÎÄ ÏÒÉÇÉÎÁÌ ÉÄÅÁÓ ÁÒÅ 
proposed that will reduce the negative impact of construction on the environment and improve people's quality of life. Ⱥ'ÒÅÅÎ ÆÌÏÏÒÓȻ ÁÒÅ 
floors, the area of which is decorated with flower beds and vertical gardens, as well as recreation areas. Ⱥ'ÒÅÅÎ ÆÌÏÏÒÓȻ ÐÌÁÙ ÔÈÅ ÒÏÌÅ ÏÆ ÁÎ 
oxygen station (having a positive effect on the environment), inter-floor sound insulation, reduce wind load and increase fire safety, allow 
developers to build more densely by reducing the area of adjacent park areas. The increase in environmental trends in construction is due to 
several factors. One of the most important factors is the growing awareness of people about the impact of construction on the environment 
and human health. The threat of climate change and environmental crises has caused increased interest in ecological construction. In the 
proposed project, the roof of the house can be profitably used, receiving electricity not only with the help of solar panels, but also wind 
generators and hydro generators. By combining these three alternative energy systems, maximum energy accumulation can be achieved. 
Ⱥ'ÒÅÅÎ ÆÌÏÏÒÓȻ ÁÒÅ ÔÈÅ ÆÕÔÕÒÅ ÏÆ ÈÉÇÈ-tech ecological cities, which will not only add aesthetic charm to the urban landscape, but also bring 
tangible benefits. The construction of ecological residential buildings will solve environmental problems, improve the psycho-emotional state 
of people, and also save on electronic media. 4ÏÄÁÙ΄Ó ȺÇÒÅÅÎ ÈÏÕÓÅÓȻ ÁÒÅ ÂÕÉÌÔ ÑÕÉÃËÌÙ ×ÉÔh relatively low cost, combining cost-effective 
solutions for energy carriers, and therefore have great potential for developers. The results obtained in the work can be used by specialists in 
the field of construction. 

+ÅÙ×ÏÒÄÓȡ ȺÇÒÅÅÎ ÆÌÏÏÒÓȻȟ ÅÃÏÌÏÇÉÃÁÌ houses, ecological cities. 

 

ɺʩʪʫʧ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʫʜʽʚʝʣʴʥʘ ʽʥʜʫʩʪʨʽʷ ʱʦʭʚʠʣʠʥʠ ʟʤʽʥʶʻʪʴʩʷ, ʚʜʘʣʦ ʪʘ ʰʚʠʜʢʦ 

ʚʜʦʩʢʦʥʘʣʶʶʪʴʩʷ ʥʦʚʽ ʧʨʦʜʫʢʪʠ ʡ ʪʝʭʥʦʣʦʛʽʾ. ʊʝʭʥʦʣʦʛʽʾ ʟʘʣʽʟʦʙʝʪʦʥʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʜʦʚʦʣʽ ʩʪʨʽʤʢʦ ʪʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ. ɺʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷʤ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʣʶʜʩʪʚʦ 

ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ʫ ʢʽʣʴʢʦʩʪʽ, ʱʦ ʟʜʘʪʥʘ ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʠ. ɽʢʦʣʦʛʽʯʥʽ 

ʩʪʘʨʪʘʧʠ ʜʠʚʫʶʪʴ ʥʘʩ ʰʚʠʜʢʠʤ ʪʘ ʷʢʽʩʥʠʤ ʚʪʽʣʝʥʥʷʤ ʫ ʞʠʪʪʷ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʧʝʨʰʘ çʟʝʣʝʥʘè 

ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʢʘ ʙʫʣʘ ʟʙʫʜʦʚʘʥʘ ʫ 1970-ʭ ʨʦʢʘʭ. ʋ ʌʽʥʣʷʥʜʽʾ ʻ ʢʚʘʨʪʘʣ ʙʫʜʽʚʝʣʴ, ʫ ʬʘʩʘʜ ʷʢʠʭ ʚʙʫʜʦʚʘʥʽ 

ʧʘʥʝʣʽ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ. ʅʘʧʨʠʢʣʘʜ, ʚ ɽʩʪʦʥʽʾ ʪʘʢ ʟʚʘʥʽ çʭʨʫʱʽʚʢʠè ʧʦʯʘʣʠ ʧʝʨʝʪʚʦʨʶʚʘʪʠ 

ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ smart-ʙʫʜʠʥʢʠ. ʆʙ'ʻʢʪʠ ʦʙʣʘʜʥʘʶʪʴ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʚʩʪʘʥʦʚʣʷʪʴ ʩʫʯʘʩʥʽ ʚʽʢʥʘ, 

ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ, ʽʟʦʣʷʮʽʾ ʪʘ ʚʝʥʪʠʣʷʮʽʾ.  

ʆʜʠʥ ʟ ʥʘʡʙʽʣʴʰʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʙʫʜʠʥʢʽʚ ʫ ʩʚʽʪʽ ï ʮʝ ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʢʘ çTaipei 101è ʚ ʊʘʡʚʘʥʽ. ʎʝʡ 

ʙʫʜʠʥʦʢ ʟʘʡʤʘʻ 508 ʪʠʩʷʯ ʢʚʘʜʨʘʪʥʠʭ ʤʝʪʨʽʚ ʽ ʙʫʚ ʩʧʨʦʻʢʪʦʚʘʥʠʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʪʘʢʠʭ ʷʢ ʧʦʚʽʪʨʷʥʘ ʦʯʠʩʪʢʘ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʪʘ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ 

ʤʦʞʝ ʙʫʪʠ çThe Edgeè ʚ ɸʤʩʪʝʨʜʘʤʽ, ʅʽʜʝʨʣʘʥʜʠ. ʎʝʡ ʦʬʽʩʥʠʡ ʙʫʜʠʥʦʢ ʙʫʚ ʥʘʟʚʘʥʠʡ çʥʘʡʙʽʣʴʰ 

ʝʢʦʣʦʛʽʯʥʠʤ ʙʫʜʠʥʢʦʤ ʫ ʩʚʽʪʽè ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʥʢʫʨʩʫ BREEAM Awards 2016. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʝʥʝʨʛʽʶ, ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʚʦʜʠ ʽ ʤʘʻ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. ɹʘʛʘʪʦʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʢʦʤʧʣʝʢʩ çBosco Verticaleè (çɺʝʨʪʠʢʘʣʴʥʠʡ ʣʽʩè) ʚ 

ʄʽʣʘʥʽ, ɯʪʘʣʽʷ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʚʝʞ ʚʠʩʦʪʦʶ 80 ʪʘ 112 ʤʝʪʨʽʚ, ʥʘ ʷʢʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʙʽʣʴʰʝ 900 ʜʝʨʝʚ ʽ 20 

ʪʠʩʷʯ ʨʦʩʣʠʥ. ɺʦʥʠ ʥʝ ʪʽʣʴʢʠ ʚʠʛʣʷʜʘʶʪʴ ʛʘʨʥʦ ʪʘ ʝʩʪʝʪʠʯʥʦ, ʘʣʝ ʽ ʚʽʜʥʦʚʣʶʶʪʴ ʧʦʚʽʪʨʷ ʪʘ ʟʤʝʥʰʫʶʪʴ 

ʚʠʢʠʜʠ ʚʫʛʣʝʮʶ. 

ɿʙʽʣʴʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ [1ï6] ʧʦʚ'ʷʟʘʥʝ ʟ ʢʽʣʴʢʦʤʘ ʬʘʢʪʦʨʘʤʠ. ʆʜʠʥ ʟ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʬʘʢʪʦʨʽʚ ï ʮʝ ʟʨʦʩʪʘʥʥʷ ʩʚʽʜʦʤʦʩʪʽ ʣʶʜʝʡ ʧʨʦ ʚʧʣʠʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʜʦʨʦʚ'ʷ ʣʶʜʝʡ. ɿʘʛʨʦʟʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʢʨʠʟ ʚʠʢʣʠʢʘʣʘ ʧʽʜʚʠʱʝʥʠʡ ʽʥʪʝʨʝʩ ʜʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ɯʥʰʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, 

ʚʢʣʶʯʘʶʪʴ: 

¶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʝʥʝʨʛʽʶ ʚ ʙʫʜʽʚʣʷʭ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ; 
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¶ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷ ʪʘ ʚʦʜʠ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʜʦʨʦʚʽʰʽ ʫʤʦʚʠ ʜʣʷ 

ʧʨʦʞʠʚʘʥʥʷ; 

¶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʙʫʜʽʚʥʠʮʪʚʽ, ʪʘʢʠʭ ʷʢ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʝʨʝʚʠʥʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʙʽʦʧʣʘʩʪʠʢʠ ʪʘ ʽʥʰʽ, ʱʦ ʟʤʝʥʰʫʶʪʴ ʚʧʣʠʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʜʦʚʢʽʣʣʷ; 

¶ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʽʥʥʦʚʘʮʽʡ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʙʫʜʽʚʣʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ, ʝʢʦʣʦʛʽʯʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʟʨʦʩʪʘʶʪʴ ʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤʠ [1ï6], 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʙʫʜʽʚʥʠʮʪʚʘ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ 

ʞʠʪʪʷ ʣʶʜʝʡ. 

ɹʘʛʘʪʦ ʣʶʜʝʡ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʮʽʢʘʚʣʝʥʥʽ ʫ çʟʝʣʝʥʦʤʫ ʞʠʪʣʽè, ʮʝ ʥʝ ʧʨʦʩʪʦ ʪʝʥʜʝʥʮʽʷ ʘʙʦ 

ʥʦʚʘ ʨʝʬʦʨʤʘ ʧʝʨʝʜʦʚʠʭ ʢʨʘʾʥ. ʆʩʝʣʷ, ʷʢʘ ʟʙʫʜʦʚʘʥʘ ʟ ʝʢʦʣʦʛʽʯʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʚʪʦʥʦʤʥʘ ʟ 

ʦʛʣʷʜʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʛʦʣʦʚʥʝ, ʷʢʘ ʙ ʥʝ ʟʘʙʨʫʜʥʶʚʘʣʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʘʙʫʚʘʻ ʚʝʣʠʢʦʛʦ 

ʟʥʘʯʝʥʥʷ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʋʢʨʘʾʥʽ ʟʨʫʡʥʦʚʘʥʦ 74 ʪʠʩ. ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʽ ʮʷ ʮʠʬʨʘ ʥʝ ʦʩʪʘʪʦʯʥʘ... ʋ 

ʚʽʜʙʫʜʦʚʽ ʥʘʡʧʝʨʰʠʤ ʢʨʦʢʦʤ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʙʫʜʝ ʧʦʚʝʨʥʝʥʥʷ ʥʘʩʝʣʝʥʥʶ ʚʣʘʩʥʦʛʦ ʞʠʪʣʘ. ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ 

ʽ ʥʘʜʘʥʥʷ ʧʝʨʝʚʘʛ çʝʢʦʣʦʛʽʯʥʠʤ ʙʫʜʠʥʢʘʤè ʜʦʟʚʦʣʷʪʴ ʰʚʠʜʢʦ ʽ ʷʢʽʩʥʦ ʚʽʜʙʫʜʦʚʫʚʘʪʠ ʮʽʣʽ ʤʽʩʪʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʠʪʠ ʧʨʦʻʢʪ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ ʽʟ 

çʟʝʣʝʥʠʤʠ ʧʦʚʝʨʭʘʤʠè ʪʘ ʥʘʚʝʩʪʠ ʡʦʛʦ ʧʝʨʝʚʘʛʠ ʟ ʦʛʣʷʜʫ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʝʩʢʽʟ ʙʫʜʠʥʢʫ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

 

ʉʧʨʦʻʢʪʦʚʘʥʠʡ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʠʡ ʙʫʜʠʥʦʢ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʪʽʥʦʚʠʭ ʧʘʥʝʣʝʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʷʢʠʭ ʧʨʦʮʝʩ ʟʚʝʜʝʥʥʷ ʟʥʘʯʥʦ ʧʨʠʩʢʦʨʶʻʪʴʩʷ (ʟʜʘʯʘ ʙʫʜʠʥʢʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʯʝʨʝʟ 8 ʤʽʩʷʮʽʚ ʚʽʜ ʧʦʯʘʪʢʫ 

ʟʚʝʜʝʥʥʷ) ʪʘ ʨʦʙʠʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʙʫʜʠʥʦʢ ʥʘʙʘʛʘʪʦ ʜʝʰʝʚʰʠʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ. ʇʘʥʝʣʴʥʝ 

ʙʫʜʽʚʥʠʮʪʚʦ ï ʮʝ ʰʚʠʜʢʦ, ʥʘʜʽʡʥʦ ʪʘ ʥʝʜʦʨʦʛʦ. ɼʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚʢʣʶʯʘʻ ʚ ʩʦʙʽ 8 ʥʘʟʝʤʥʠʭ ʪʘ 3 ʧʽʜʟʝʤʥʠʭ 

ʧʦʚʝʨʭʠ. ʇʘʨʢʽʥʛʦʚʘ ʟʦʥʘ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ 54 ʧʘʨʢʦʤʽʩʮʷ ʽ ʤʘʻ ʦʩʦʙʣʠʚʠʡ ʬʫʥʢʮʽʦʥʘʣ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ 2-ʤʫ 

ʧʦʚʝʨʩʽ ʤʦʞʥʘ ʣʝʛʢʦ ʤʦʥʪʫʚʘʪʠ/ʜʝʤʦʥʪʫʚʘʪʠ ʧʝʨʝʛʦʨʦʜʢʠ ʜʣʷ ʙʦʤʙʦʩʭʦʚʠʱʘ. ʊʫʜʠ ʧʽʜʚʝʜʝʥʽ ʜʚʘ ʦʢʨʝʤʠʭ 

ʢʘʥʘʣʠ ʢʦʤʫʥʽʢʘʮʽʡ ʪʘ ʩʠʩʪʝʤʘ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɿʘʚʜʷʢʠ ʪʦʚʩʪʦʤʫ ʰʘʨʫ ʙʝʪʦʥʫ ʪʘ ʽʟʦʣʶʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʧʨʠʤʽʱʝʥʥʷ ʟʘʭʠʱʝʥʝ ʚʽʜ ʨʘʜʽʘʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʆʪʞʝ, ʧʣʦʱʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʽʟʥʠʭ ʮʽʣʝʡ. 

ʅʘʡʥʠʞʯʠʡ ʧʽʜʟʝʤʥʠʡ ʧʦʚʝʨʭ ʦʙʣʘʜʥʘʥʠʡ ʥʝʚʝʣʠʢʦʶ ɻʝʦʊɽʉ, ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʥʠʤ ʽʥʚʝʨʪʦʨʦʤ. ʇʝʨʰʠʡ 

ʨʽʚʝʥʴ ʧʘʨʢʦʚʢʠ ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʤʘʣʦʰʫʤʥʠʭ ʛʽʜʨʦʪʫʨʙʽʥ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪʴ ʧʘʜʘʶʯʫ ʟ ʜʘʭʫ ʚʦʜʫ ʫ 

ʝʥʝʨʛʽʶ. ɺ ʣʽʪʥʽʡ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʘ ʚʦʜʘ ʟʙʠʨʘʻʪʴʩʷ ʫ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʧʦʣʠʚʫ ʛʘʟʦʥʫ, ʘ ʚ ʟʠʤʦʚʠʡ ï ʜʣʷ ʤʠʪʪʷ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʜ ʙʨʫʜʫ ʪʘ ʧʨʦʪʠʦʞʝʣʝʜʥʠʭ ʟʘʩʦʙʽʚ. 

 

 
ʈʠʩ. 1. ʉʧʨʦʻʢʪʦʚʘʥʘ ʤʦʜʝʣʴ ʟʝʣʝʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

 

ʅʘʟʝʤʥʽ ʧʦʚʝʨʭʠ ʚʢʣʶʯʘʶʪʴ ʧʝʨʰʠʡ ʧʦʚʝʨʭ ʧʽʜ ʢʦʤʝʨʮʽʶ, ʯʝʪʚʝʨʪʠʡ ʪʘ ʰʦʩʪʠʡ ï ʟʝʣʝʥʽ ʧʦʚʝʨʭʠ, ʘ 

ʚʩʽ ʽʥʰʽ ï ʞʠʪʣʦʚʽ. ɿʝʣʝʥʠʡ ʧʦʚʝʨʭ ï ʮʝ ʧʦʚʝʨʭ, ʧʣʦʱʘ ʷʢʦʛʦ ʦʟʜʦʙʣʝʥʘ ʢʣʫʤʙʘʤʠ ʪʘ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʘʜʘʤʠ, 

ʘ ʪʘʢʦʞ ʟʦʥʘʤʠ ʜʣʷ ʚʽʜʧʦʯʠʥʢʫ. ʅʘ ʥʴʦʤʫ ʥʝ ʞʠʚʫʪʴ ʣʶʜʠ, ʥʝʤʘʻ ʢʦʤʝʨʮʽʾ, ʥʘ ʥʴʦʤʫ ʢʦʞʝʥ ʦʭʦʯʠʡ ʤʦʞʝ 

ʚʽʜʧʦʯʠʪʠ, ʧʨʦʛʫʣʷʪʠʩʴ ʪʘ ʧʨʦʩʪʦ ʧʨʦʚʝʩʪʠ ʯʘʩ ʥʘ ʩʚʽʞʦʤʫ ʧʦʚʽʪʨʽ. ʆʜʠʥ ʪʘʢʠʡ ʧʦʚʝʨʭ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 

ʚʫʣʠʯʥʠʡ ʤʘʡʜʘʥʯʠʢ ʪʘ ʚʠʜʽʣʷʪʠ ʢʠʩʝʥʴ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʚ 3,8% ʙʽʣʴʰʝ ʥʽʞ ʘʣʝʷ ʜʦʚʢʦʣʘ ʙʫʜʠʥʢʫ. 

ɺʥʦʯʽ ʢʠʩʝʥʴ ʝʢʩʧʦʨʪʫʻʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʚʽʜʯʠʥʝʥʽ ʚʽʢʥʘ, ʘ ʚʜʝʥʴ, ʢʦʣʠ ʧʠʣ ʟʘʙʨʫʜʥʶʻ ʧʦʚʽʪʨʷ ï 

ʥʘʜʣʠʰʦʢ ʢʠʩʥʶ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʚʝʥʪʠʣʷʮʽʡʥʽ ʢʘʥʘʣʠ ʜʦ ʢʚʘʨʪʠʨ (ʨʠʩ. 2). ʊʘʢʽ ʧʦʚʝʨʭʠ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ 

ʢʠʩʥʝʚʦʾ ʩʪʘʥʮʽʾ (ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʯʠ ʥʘ ʝʢʦʣʦʛʽʶ), ʤʽʞʧʦʚʝʨʭʦʚʦʾ ʟʚʫʢʦʽʟʦʣʷʮʽʾ, ʟʤʝʥʰʫʶʪʴ ʚʽʪʨʦʚʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʙʽʣʴʰʫʶʪʴ ʧʨʦʪʠʧʦʞʝʞʥʫ ʙʝʟʧʝʢʫ, ʜʦʟʚʦʣʷʶʪʴ ʟʘʙʫʜʦʚʥʠʢʘʤ ʙʫʜʫʚʘʪʠ ʱʽʣʴʥʽʰʝ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʧʨʠʙʫʜʠʥʢʦʚʠʭ ʧʘʨʢʦʚʠʭ ʟʦʥ.  
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ʈʠʩ. 2. ɺʠʜ ʧʝʨʝʜʥʴʦʛʦ ʬʘʩʘʜʫ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

 

ɼʘʭ ʙʫʜʽʚʣʽ ʪʘʢʦʞ ʧʦʻʜʥʫʻ ʽʥʥʦʚʘʮʽʾ ʪʘ ʽʜʝʾ. ʅʝʨʫʭʦʤʽ ʚʽʪʨʷʥʽ ʛʝʥʝʨʘʪʦʨʠ, ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʪʘ ʟʙʽʨ 

ʦʧʘʜʽʚ ʫ ʨʝʟʝʨʚʫʘʨ ʜʣʷ ʩʢʠʜʘʥʥʷ ʫ ʪʫʨʙʽʥʠ ɻɽʉ ï ʮʽ ʩʠʩʪʝʤʠ ʚ ʩʫʤʽ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ ʘʚʪʦʥʦʤʥʝ ʞʠʚʣʝʥʥʷ 

ʙʫʜʠʥʢʫ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ, ʘ ʧʨʠ ʥʘʜʣʠʰʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʾʾ ʤʦʞʥʘ ʝʢʩʧʦʨʪʫʚʘʪʠ ʫ ʤʽʩʴʢʫ ʝʣʝʢʪʨʦʤʝʨʝʞʫ 

(ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ɼʘʭ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

 

ɼʘʭ ʙʫʜʠʥʢʫ ʤʦʞʥʘ ʨʝʥʪʘʙʝʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʪʨʠʤʫʶʯʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʥʝ ʣʠʰʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ, ʘ ʪʘʢʦʞ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʽ ʛʽʜʨʦʛʝʥʝʨʘʪʦʨʽʚ. ʇʨʠ ʧʦʻʜʥʘʥʥʽ ʮʠʭ ʪʨʴʦʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʩʠʩʪʝʤ ʝʥʝʨʛʝʪʠʢʠ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ. 

ʆʪʞʝ, ʧʝʨʝʚʘʛʘʤʠ ʜʘʥʦʛʦ ʧʨʦʻʢʪʫ ʻ: 

- ʰʚʠʜʢʝ ʟʚʝʜʝʥʥʷ ʙʫʜʠʥʢʫ; 

- ʥʘʷʚʥʽʩʪʴ çɿʝʣʝʥʠʭ ʧʦʚʝʨʭʽʚè; 

- ʥʘʷʚʥʽʩʪʴ ʩʠʩʪʝʤʠ çʈʦʟʫʤʥʠʡ ʜʽʤè; 

- ʥʘʷʚʥʽʩʪʴ çʟʝʣʝʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾè, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʥʦʤʥʽʩʪʴ ʪʘ ʧʨʠʙʫʪʦʢ. 

 

ɺʠʩʥʦʚʢʠ 

çɿʝʣʝʥʽ ʧʦʚʝʨʭʠè ï ʮʝ ʤʘʡʙʫʪʥʻ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʤʽʩʪ, ʷʢʽ ʥʝ ʣʠʰʝ ʜʦʜʘʜʫʪʴ 

ʝʩʪʝʪʠʯʥʦʛʦ ʰʘʨʤʫ ʤʽʩʴʢʦʤʫ ʣʘʥʜʰʘʬʪʫ, ʘ ʽ ʧʨʠʥʝʩʫʪʴ ʚʽʜʯʫʪʥʫ ʢʦʨʠʩʪʴ. ʉʫʯʘʩʥʽ çʟʝʣʝʥʽ ʙʫʜʠʥʢʠè ʰʚʠʜʢʦ 

ʙʫʜʫʶʪʴʩʷ ʽʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ, ʧʦʻʜʥʫʶʯʠ ʨʝʥʪʘʙʝʣʴʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʝʥʝʨʛʦʥʦʩʽʾʚ, ʘ ʦʪʞʝ ʻ 

ʚʝʣʠʢʠʤ ʧʦʪʝʥʮʽʘʣʦʤ ʜʣʷ ʟʘʙʫʜʦʚʥʠʢʽʚ.  



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 47 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ɸʙʨʘʤʦʚʠʯ ɺ. ʉ. ʄʦʞʣʠʚʦʩʪʽ ʟʚʝʜʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʧʘʥʝʣʴʥʠʭ ʙʫʜʠʥʢʽʚ / ɺ. ʉ. ɸʙʨʘʤʦʚʠʯ, 

ɺ. ʇ. ʂʦʚʘʣʴʩʴʢʠʡ // ʈʦʟʚʠʪʦʢ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ : 

ʤʘʪʝʨʽʘʣʠ ɯɯɯ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʾ; 28-29. ʙʝʨʝʟʥʷ 2019 ʨ.,- ï 

ʉʻʚʻʨʦʜʦʥʝʮʴʢ : ʉʅʋ ʽʤ. ɺ. ɼʘʣʷ, 2019. ï ʉ. 13-14. 

2. ʉʝʨʜʶʢ ʊ. ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʦʣʽʪʠʢʠ ʝʥʝʨʦʟʙʝʨʝʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ: ʜʦʩʷʛʥʝʥʥʷ ʪʘ ʰʣʷʭʠ 
ʚʜʦʩʢʦʥʘʣʝʥʥʷ / ʊ. ɺ. ʉʝʨʜʶʢ, ʉ. ʖ. ʌʨʘʥʠʰʠʥʘ // ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ʉʝʨʽʷ "ɽʢʦʥʦʤʽʯʥʽ ʥʘʫʢʠ". ï 2009. ï ˉ 1(125). ï ʉ. 52ï57.  

3. ʉʝʨʜʶʢ ʊ. ɺ. ɽʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʞʠʪʣʦʚʦʤʫ ʬʦʥʜʽ / ʊ. ɺ. 

ʉʝʨʜʶʢ, ʊ. ɺ. ʃʘʚʨʦʚʩʴʢʘ // ʊʝʟʠ ʢʦʥʬʝʨʝʥʮʽʾ. ï 2015. ï ʉ. 48ï52. 

4. ɽʢʦ-ʙʫʜʠʥʢʠ: ʥʘʡʮʽʢʘʚʽʰʽ ʽʜʝʾ ʟ ʫʩʴʦʛʦ ʩʚʽʪʫ. URL: https://www.5.ua/novyny-kompaniy/ekobudynky-

naitsikavishi-idei-z-usoho-svitu-151950.html 

5. ɿʘʛʦʨʫʡʢʦ ɸ. ʆ. ɸʥʘʣʽʟ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʪʝʘʪʨʽʚ / ɸ. ʆ. ɿʘʛʦʨʫʡʢʦ, ɺ. ʇ. 

ʂʦʚʘʣʴʩʴʢʠʡ // ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʚ ʛʘʣʫʟʷʭ ʝʢʦʥʦʤʽʢʠ ʋʢʨʘʾʥʠ : ʟʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 12-14 ʣʠʩʪʦʧʘʜʘ. ï ɺʽʥʥʠʮʷ : ɺʅʊʋ, 2019. ï ʉ. 230ï232. 

6. ɽʢʦʣʦʛʽʯʥʽ ʙʘʛʘʪʦʧʦʚʝʨʭʽʚʢʠ: ʯʠ ʻ ʜʣʷ ʥʠʭ ʤʽʩʮʝ ʚ ʋʢʨʘʾʥʽ. URL: 

https://www.epravda.com.ua/columns/2019/11/25/654086/ 

 
References 

 

1. Abramovych V. S. Mozhlyvosti zvedennia enerhoefektyvnykh panelnykh budynkiv / V. S. Abramovych, V. P. Kovalskyi // 
Rozvytok budivnytstva ta zhytlovo-komunalnoho hospodarstva v suchasnykh umovakh : materialy III Vseukrainskoi naukovo-praktychnoi 

internet-konferentsii; 28-29. bereznia 2019 r.,- ï Sievierodonetsk : SNU im. V. Dalia, 2019. ï S. 13-14. 

2. Serdiuk T. V. Osoblyvosti realizatsii polityky enerozberezhennia v Ukraini: dosiahnennia ta shliakhy vdoskonalennia / T. V. 
Serdiuk, S. Yu. Franyshyna // Visnyk Khmelnytskoho natsionalnoho universytetu. Seriia "Ekonomichni nauky". ï 2009. ï ˉ 1(125). ï S. 52ï57.  

3. Serdiuk T. V. Ekonomichni aspekty enerhozberezhennia v budivnytstvi ta zhytlovomu fondi / T. V. Serdiuk, T. V. Lavrovska // 

Tezy konferentsii. ï 2015. ï S. 48ï52. 
4. Eko-budynky: naitsikavishi idei z usoho svitu. URL: https://www.5.ua/novyny-kompaniy/ekobudynky-naitsikavishi-idei-z-usoho-

svitu-151950.html 

5. Zahoruiko A. O. Analiz obiemno-planuvalnykh rishen teatriv / A. O. Zahoruiko, V. P. Kovalskyi // Enerhoefektyvnist v haluziakh 
ekonomiky Ukrainy : zbirnyk materialiv Mizhnarodnoi naukovo-tekhnichnoi konferentsii 12-14 lystopada. ï Vinnytsia : VNTU, 2019. ï S. 230ï

232. 
6. Ekolohichni bahatopoverkhivky: chy ye dlia nykh mistse v Ukraini. URL: 

https://www.epravda.com.ua/columns/2019/11/25/654086/ 

 

ʈʝʮʝʥʟʽʷ/Peer review : 08.03.2023 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :28.04.2023 ʨ. 

 

https://www.5.ua/novyny-kompaniy/ekobudynky-naitsikavishi-idei-z-usoho-svitu-151950.html
https://www.5.ua/novyny-kompaniy/ekobudynky-naitsikavishi-idei-z-usoho-svitu-151950.html
https://www.epravda.com.ua/columns/2019/11/25/654086/
https://www.5.ua/novyny-kompaniy/ekobudynky-naitsikavishi-idei-z-usoho-svitu-151950.html
https://www.5.ua/novyny-kompaniy/ekobudynky-naitsikavishi-idei-z-usoho-svitu-151950.html
https://www.epravda.com.ua/columns/2019/11/25/654086/


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Part 1, Issue 2, 2023 (319) 48 

DOI 10.31891/2307-5732-2023-319-1-48-55 

ʋɼʂ 621.391 

ɺɸʉʀʃʔʂɯɺʉʔʂʀʁ ʄʀʂʆʃɸ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

https://orcid.org/0000-0002-6586-2563 

e-mail: mvasylkivskyi@gmail.com 

ɹʆʃɼʀʈɽɺɸ ʆʃʔɻɸ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

e-mail: rtt13bpoludenko@gmail.com 

ɺɸʈɻɸʊʖʂ ɻɸʅʅɸ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

e-mail: annaantonuik@gmail.com 

ɹʋɼɸʐ ʄʀʍɸʁʃʆ 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

e-mail: mika@budash.dp.ua 

 

ʆʇʊʀʄɸʃʔʅɯ ʉʀɻʅɸʃʔʅʆ-ʂʆɼʆɺɯ ʂʆʅʉʊʈʋʂʎɯɰ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ɽʌɽʂʊʀɺʅʆʉʊɯ ɯʅʌʆʂʆʄʋʅɯʂɸʎɯʁʅʀʍ ʈɸɼɯʆʉʀʉʊɽʄ ʄʆɹɯʃʔʅʆɻʆ 
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̨̨̗̓̆̌̆̋̏̍̔̎̋́̊̎̏̄̏ ̨̠̑́̅̏̏̂̌́̅̎́̎̎Ȣ ˔̨̅̊̒̎̆̎̏ ̨̠̠̐̏̑̃̎̎̎ ̘̝̈̎́̆̎ ̨̨̨̗̤̋̏̆̎̓̃̕ ̖̂̌̏̋̏̃̉ ̐̏̍̉̌̏̋ ̠̅̌ ̨̍̆̓̏̅̃ 
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OPTIMAL SI GNAL -CODE CONSTRUCTIONS FOR INCREASE EFFICIEN CY OF 5G AND 6G MOBILE 

INFOCOMMUNICATION RA DIO SYSTEMS 
 

The article discusses methods of increasing the efficiency of information communication radio systems of mobile communication, 
which includes increasing spectral efficiency and energy efficiency when used for telecommunication radio equipment. A comparison of block 
error coefficient values for f-OFDM, W-OFDM and OFDM methods with mixed numerology of uplink and downlink subscriber channels of 
access to information resources of the telecommunications network was made. As a result of the study of compression methods using several 
carriers, the dominant compression method for mobile communication systems, in particular, the CP-OFDM method due to its high efficiency 
of spectrum use, scalability and flexibility due to the introduction of a cyclic prefix, has been determined. 

It is proved that the CP-OFDM compression method is free from the Doppler range shift problem, thus the range and Doppler shift 
estimations can be considered as independent tasks in CP-OFDM. In addition, CP-OFDM parameters such as carrier distance, guard interval 
size, frame length, and pilot shape can be tailored to optimize the performance and robustness of detection and data transmission. However, 
such advantages are based on perfect synchronization (time and frequency) between the transmitter and receiver - although perfect 
synchronization may not be possible, especially for bistatic scanning, where the transmitter and receiver of the scan signal are not adjacent. 
In this case, the cyclic prefix may not provide any advantage for quality scanning, and multiple unprefixed waveforms may be considered. The 
main disadvantage of rejecting the prefix is the difficulty of data detection (due to intersymbol interference), which must be eliminated. 
Another important challenge for scanning, where energy efficiency is extremely important, is the large PAPR of multi-carrier (prefixed or 
unprefixed) signals. 

Single-carrier compression methods, which are based on the expansion of the code area of common radar signals and 
communication, in which the radar characteristics are affected by sequence autocorrelation, have been studied. However, the long spreading 
code, which leads to good autocorrelation, reduces the spectrum utilization efficiency for communication systems. In this case, the estimation 
of the Doppler effect is not trivial and requires more complex algorithms. The justification of the choice of the signal modulation scheme in 
5/6G radio systems has been made. 

Keywords: downlink, uplink, ratio of peak power to average power, signal-code design, out-of-band radiation, signal compression 
method, Doppler range shift, intersymbol interference, signal modulation scheme. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ 4G ʽ 5G ʚ ʩʤʫʛʘʭ ʯʘʩʪʦʪ ʥʠʞʯʝ 6 ɻɻʮ ʩʪʠʢʘʶʪʴʩʷ ʟ ʚʝʣʠʢʠʤʠ ʟʘʚʤʠʨʘʥʥʷ, 

ʱʦ ʟʫʤʦʚʣʝʥʽ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʤ ʧʦʰʠʨʝʥʥʷʤ. ɼʣʷ ʙʦʨʦʪʴʙʠ ʟ ʮʠʤ ʥʝʙʘʞʘʥʠʤ ʷʚʠʱʝʤ ʚ ʩʪʘʥʜʘʨʪʘʭ LTE ʪʘ 

NR ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ OFDM ʷʢ ʦʩʥʦʚʥʠʡ ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʩʠʛʥʘʣʽʚ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ 

ʪʘʢʦʞ ʩʫʤʽʩʥʘ ʽʟ ʤʝʪʦʜʦʤ MIMO, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ. 

ʆʜʥʘʢ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʠʛʥʘʣʘʤʠ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ OFDM ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤ ʚʽʜʥʦʰʝʥʥʷʤ 

ʧʽʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʩʝʨʝʜʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ (PAPR). ʋ ʩʮʝʥʘʨʽʷʭ, ʜʝ ʧʝʨʝʜʘʯʘ ʧʦ ʚʠʩʭʽʜʥʽʡ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ 

ʦʙʤʝʞʝʥʘ ʟʦʥʦʶ ʧʦʢʨʠʪʪʷ, ʪʘʢʦʞ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʩʠʛʥʘʣ OFDM ʟ ʜʠʩʢʨʝʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʽ 

ʨʦʟʰʠʨʝʥʥʷʤ ʩʧʝʢʪʨʘ ʟ ʥʠʟʴʢʠʤ PAPR (DFT-s-OFDM) [1]. 

ɺ ʩʪʘʥʜʘʨʪʘʭ LTE ʪʘ NR ʜʣʷ ʤʦʜʫʣʷʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚʠʯʘʡʥʽ ʩʽʤʝʡʩʪʚʘ QAM ʟ ʢʦʜʘʤʠ ɻʨʝʷ. 

ʊʝʭʥʦʣʦʛʽʷ QAM ʧʦʣʝʛʰʫʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʩʪʦʾ ʜʝʤʦʜʫʣʷʮʽʾ ʟ ʧʦʜʽʣʦʤ ʨʝʘʣʴʥʦʛʦ ʪʘ 

https://orcid.org/0000-0002-6586-2563
mailto:mvasylkivskyi@gmail.com
rtt13bpoludenko@gmail.com
annaantonuik@gmail.com
mika@budash.dp.ua


 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 49 

ʫʷʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʜʝʷʢʦʾ ʚʪʨʘʪʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʩʮʝʥʘʨʽʾʚ 

ʨʦʟʰʠʨʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʜʫʞʝ ʥʠʟʴʢʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʧʨʠ ʨʦʙʦʪʽ ʟ ʩʠʛʥʘʣʘʤʠ DFT-s-

OFDM ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʤʝʥʰʝʥʥʷ PAPR ʚʚʝʜʝʥʘ ʤʦʜʫʣʷʮʽʷ ʟʘ ʩʭʝʤʦʶ ʙʽʥʘʨʥʦʾ ʬʘʟʦʚʦʾ ʤʘʥʽʧʫʣʷʮʽʾ ˊ/2 

(BPSK). 

ɯ ʭʦʯʘ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʟ ʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ, ʟʦʢʨʝʤʘ OFDM ʽ ʟʚʠʯʘʡʥʠʡ QAM, ʡʤʦʚʽʨʥʦ, 

ʧʨʦʜʦʚʞʘʪʴ ʚʽʜʽʛʨʘʚʘʪʠ ʮʝʥʪʨʘʣʴʥʫ ʨʦʣʴ ʫ ʩʠʩʪʝʤʘʭ ʙʝʟʜʨʦʪʦʚʦʛʦ ʜʦʩʪʫʧʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ, ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʚʝʜʝʥʽ ʥʦʚʽ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʪʘ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʟ'ʷʚʣʷʶʪʴʩʷ ʥʦʚʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ 

ʪʘ ʩʧʝʢʪʨʫ. 

ʅʠʟʴʢʠʡ ʨʽʚʝʥʴ PAPR ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʘʛʘʪʴʦʭ ʟʘʩʪʦʩʫʚʘʥʴ. ʅʘʧʨʠʢʣʘʜ, 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʘ ʯʘʩʪʠʥʘ ʩʧʝʢʪʨʫ (ʊɻʮ-ʜʽʘʧʘʟʦʥ) ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʟʘʜʦʚʦʣʝʥʥʽ ʧʦʩʪʽʡʥʦ 

ʟʨʦʩʪʘʶʯʦʛʦ ʧʦʧʠʪʫ ʥʘ ʙʽʣʴʰ ʚʠʩʦʢʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʪʘ ʥʦʚʽ ʪʠʧʠ ʪʨʘʬʽʢʫ. ʅʠʟʴʢʠʡ PAPR ʙʫʜʝ 

ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʽ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʥʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʯʝʨʝʟ ʧʨʦʙʣʝʤʠ, 

ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷʤ ʝʬʝʢʪʠʚʥʠʭ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ, 

ʧʦʜʦʣʘʥʥʷʤ ʚʠʥʠʢʘʶʯʠʭ ʚʪʨʘʪ ʥʘ ʪʨʘʩʽ ʪʘ ʦʙʨʦʙʢʦʶ ʜʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʦʩʢʦʛʦ ʢʘʥʘʣʫ ʟ ʜʫʞʝ 

ʨʽʜʢʽʩʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ ʫ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʤʫ ʚʠʤʽʨʽ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʪʘʢʠʭ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʪʘ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʢʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʻ ʢʣʶʯʦʚʦʶ 

ʚʠʤʦʛʦʶ ʜʣʷ ʟʚ'ʷʟʢʫ ʥʘ ʤʘʣʠʭ ʚʽʜʩʪʘʥʷʭ, ʥʝʙʘʞʘʥʦ ʜʦʩʷʛʘʪʠ ʥʠʟʴʢʦʛʦ PAPR ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʧʨʦʧʫʩʢʥʦʾ 

ʩʧʨʦʤʦʞʥʦʩʪʽ. ɺ ʩʫʧʫʪʥʠʢʦʚʦʤʫ ʟʚ'ʷʟʢʫ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʫʧʫʪʥʠʢʽʚ ʽ ʥʝʣʽʥʽʡʥʦʩʪʽ 

ʧʽʜʩʠʣʶʚʘʯʽʚ ʧʦʪʫʞʥʦʩʪʽ ʧʦʪʨʽʙʥʘ ʥʦʚʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʟ ʥʠʟʴʢʠʤ PAPR. ʅʠʟʴʢʝ ʟʥʘʯʝʥʥʷ PAPR ʪʘʢʦʞ ʻ 

ʢʣʶʯʦʚʦʶ ʚʠʤʦʛʦʶ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ ʥʝʜʦʨʦʛʠʭ ʧʨʠʩʪʨʦʾʚ ʽʟ ʧʨʦʩʪʠʤʠ 

ʧʽʜʩʠʣʶʚʘʯʘʤʠ ʧʦʪʫʞʥʦʩʪʽ, ʥʠʟʴʢʠʤʠ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʪʘ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ [2]. 

ɼʣʷ ʥʝʜʦʨʦʛʠʭ ʧʨʠʩʪʨʦʾʚ ʩʢʣʘʜʥʽʩʪʴ ʻ ʱʝ ʦʜʥʽʻʶ ʢʣʶʯʦʚʦʶ ʧʨʦʙʣʝʤʦʶ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʥʠʟʴʢʦʛʦ 

PAPR. ʌʦʨʤʘ ʩʠʛʥʘʣʫ ʽ ʩʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʧʦʚʠʥʥʽ ʤʘʪʠ ʥʠʟʴʢʫ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ ʟ ʭʦʨʦʰʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ, ʟʤʽʱʝʥʥʷ ʥʝʩʫʯʦʾ ʯʘʩʪʦʪʠ, ʟʩʫʚʫ ʩʠʥʭʨʦʥʽʟʘʮʽʾ, ʥʝʣʽʥʽʡʥʦʩʪʽ ʽ ʪ. ʜ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ 

ʜʝʰʝʚʝ ʦʙʣʘʜʥʘʥʥʷ ʚʥʦʩʠʪʴ ʩʧʦʪʚʦʨʝʥʥʷ ʨʘʜʽʦʯʘʩʪʦʪ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ [3]. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙ'ʻʢʪʽʚ, ʱʦ ʰʚʠʜʢʦ ʨʫʭʘʶʪʴʩʷ, ʥʝ ʤʦʞʥʘ ʽʛʥʦʨʫʚʘʪʠ ʝʬʝʢʪ ɼʦʧʣʝʨʘ, ʷʢʠʡ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʯʘʩʦʚʦʾ ʚʠʙʽʨʢʦʚʦʩʪʽ ʚ ʙʝʟʜʨʦʪʦʚʠʭ ʢʘʥʘʣʘʭ. ʗʢʱʦ ʢʘʥʘʣʠ ʻ LOS-ʜʦʤʽʥʫʶʯʠʤʠ, ʪʦʜʽ ʝʬʝʢʪ 

ɼʦʧʣʝʨʘ ʤʦʞʝ ʙʫʪʠ ʢʦʤʧʝʥʩʦʚʘʥʠʡ ʥʘ ʩʪʦʨʦʥʽ ʧʝʨʝʜʘʚʘʯʘ ʘʙʦ ʧʨʠʡʤʘʯʘ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ 

ʦʮʽʥʶʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ ʘʙʦ ʘʧʨʽʦʨʥʦʛʦ ʟʥʘʥʥʷ. ʇʨʠ ʧʦʜʚʽʡʥʽʡ ʚʠʙʽʨʢʦʚʦʩʪʽ ʢʘʥʘʣʽʚ, 

ʦʩʦʙʣʠʚʦ ʚ ʩʠʩʪʝʤʘʭ MIMO, ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʚʜʦʩʢʦʥʘʣʝʥʽ ʩʭʝʤʠ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ [4]. 

ʂʣʶʯʦʚʠʤʠ ʚʠʤʦʛʘʤʠ ʜʣʷ ʩʮʝʥʘʨʽʶ ʚʠʢʦʨʠʩʪʘʥʥʷ URLLC ʻ ʥʠʟʴʢʘ ʟʘʪʨʠʤʢʘ ʪʘ ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ, 

ʧʨʠ ʮʴʦʤʫ ʙʘʞʘʥʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʪʘ ʩʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʧʦʚʠʥʥʽ ʤʘʪʠ ʢʦʨʦʪʢʽ ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʪʘ ʜʦʩʪʘʪʥʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ ʙʝʟ ʟʥʠʞʝʥʥʷ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ. 

ɯʥʪʝʛʨʘʮʽʷ ʧʨʦʮʝʩʽʚ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ (ISAC) ʱʝ 

ʙʽʣʴʰʝ ʚʧʣʠʥʝ ʥʘ ʬʦʨʤʫ ʩʠʛʥʘʣʫ ʜʣʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʜʣʷ 

ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʙʘʞʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʫ ʩʘʤʫ ʬʦʨʤʫ ʩʠʛʥʘʣʫ, ʘʣʝ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʘ ʚʠʤʦʛʠ, ʫʥʽʢʘʣʴʥʽ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ. 

ɿʦʢʨʝʤʘ, ʬʦʨʤʘ ʩʠʛʥʘʣʫ, ʱʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʟʚ'ʷʟʢʫ, ʟʘʟʚʠʯʘʡ ʤʘʻ ʚʠʩʦʢʫ ʩʧʝʢʪʨʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʥʠʟʴʢʝ 

ʧʦʟʘʩʤʫʛʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʪʦʜʽ ʷʢ ʦʧʪʠʤʘʣʴʥʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʩʣʽʜʫʻ ʽʥʰʽ ʮʽʣʴʦʚʽ ʧʦʢʘʟʥʠʢʠ, ʪʘʢʽ ʷʢ ʪʦʯʥʽʩʪʴ ʪʘ ʚʠʩʦʢʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ. ɿʦʢʨʝʤʘ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ 

ʣʠʰʝ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ, ʨʽʰʝʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ ʜʝʣʴʪʘ-ʧʦʜʽʙʥʦʾ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʫ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʜʣʷ ʢʨʘʱʦʾ ʦʮʽʥʢʠ ʯʘʩʦʚʦʾ ʟʘʪʨʠʤʢʠ. ʂʨʽʤ ʪʦʛʦ, ʬʦʨʤʘ ʭʚʠʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, 

ʚʠʤʘʛʘʻ ʜʦʩʪʘʪʥʴʦʛʦ ʚʠʛʨʘʰʫ ʧʨʠ ʦʙʨʦʙʮʽ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫ 

ʩʮʝʥʘʨʽʷʭ ʟ ʩʠʣʴʥʠʤ ʰʫʤʦʤ ʪʘ ʟʘʚʘʜʘʤʠ, ʟʘʚʤʠʨʘʥʥʷʤʠ ʯʝʨʝʟ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʝ ʧʦʰʠʨʝʥʥʷ ʪʘ ʥʝʜʦʣʽʢʠ 

ʦʙʣʘʜʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ/ʯʘʩʪʦʪʠ, ʬʘʟʦʚʠʡ ʰʫʤ ʽ ʥʝʣʽʥʽʡʥʽʩʪʴ ʧʽʜʩʠʣʶʚʘʯʘ). 

ʍʦʯʘ ʜʦʧʫʩʪʠʤʽ ʧʦʤʠʣʢʠ ʜʣʷ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʤʦʞʫʪʴ ʩʝʨʡʦʟʥʦ ʟʥʠʟʠʪʠ ʪʦʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ [5]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 
ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʩʠʛʥʘʣʽʚ ʪʘ ʩʭʝʤʘ ʤʦʜʫʣʷʮʽʾ ʜʣʷ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʚ'ʷʟʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʚʨʘʭʦʚʫʶʪʴ 

ʪʘʢʽ ʚʠʤʦʛʠ: ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ eMBB, mMTC ʪʘ URLLC; ʚʠʩʦʢʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʨʦʩʪʘʶʯʦʛʦ ʪʨʘʬʽʢʫ ʜʘʥʠʭ ʫ ʩʮʝʥʘʨʽʷʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ eMBB; ʜʦʩʠʪʴ ʰʠʨʦʢʝ ʦʭʦʧʣʝʥʥʷ; ʫʥʽʬʽʢʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʥʠʟʭʽʜʥʦʛʦ, ʚʠʩʭʽʜʥʦʛʦ ʪʘ 

ʧʨʷʤʦʛʦ ʢʘʥʘʣʽʚ, ʜʦʙʨʝ ʩʫʤʽʩʥʫ ʟ ʪʝʭʥʦʣʦʛʽʻʶ MIMO ʜʣʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ; ʻʜʠʥʘ 

ʩʪʨʫʢʪʫʨʘ ʧʦʙʫʜʦʚʠ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʠʟʴʢʠʭ ʪʘ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ; ʥʠʟʴʢʘ ʩʢʣʘʜʥʽʩʪʴ, ʧʨʦʩʪʦʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʪʘ ʭʦʨʦʰʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ [5-8]. ʂʦʞʥʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ, ʘ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʥʝ ʽʩʥʫʻ ʪʘʢʦʛʦ ʚʘʨʽʘʥʪʫ, ʷʢʠʡ ʧʝʨʝʚʝʨʰʠʪʴ ʚʩʽ ʽʥʰʽ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʟʥʘʯʝʥʠʭ ʚʠʱʝ ʚʠʤʦʛ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʨʘʜʽʦʩʠʩʪʝʤ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ ʩʠʛʥʘʣʴʥʦ-ʢʦʜʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʨʘʜʽʦʦʙʣʘʜʥʘʥʥʷ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʩʧʝʢʪʨʘʣʴʥʦʶ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ.  
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ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʠʛʥʘʣʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ ʯʝʨʝʟ ʚʠʧʘʜʢʦʚʝ ʩʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʽʚ ʚʽʜ ʨʽʟʥʠʭ ʧʽʜʥʝʩʫʯʠʭ ʜʫʞʝ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʧʝʢʪʨ ʟʘ ʨʘʭʫʥʦʢ ʜʦʩʠʪʴ ʚʠʩʦʢʦʛʦ PAPR. ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʩʠʛʥʘʣʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ. ɼʝʪʘʣʴʥʽ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʬʦʨʤ ʩʠʛʥʘʣʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1].  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ CP-OFDM ʟ ʦʙʤʝʞʝʥʥʷʤ ʩʧʝʢʪʨʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʥʠʟʭʽʜʥʽʡ ʣʽʥʽʾ ʟʚ'ʷʟʢʫ LTE 

ʪʘ ʜʦʧʫʩʢʘʻ ʜʫʞʝ ʛʥʫʯʢʫ ʦʙʨʦʙʢʫ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ 

ʢʘʥʘʣʽʚ, ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʽ ʘʛʨʝʛʘʮʽʶ ʥʝʩʫʯʠʭ. ɼʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʜʫʞʝ ʥʠʟʴʢʫ ʩʢʣʘʜʥʽʩʪʴ ʥʘ ʩʪʦʨʦʥʽ 

ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʧʨʠʡʤʘʯʘ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʽ ʧʦʢʘʟʥʠʢʠ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʙʣʦʢʦʚʠʭ ʧʦʤʠʣʦʢ (BLER), ʽ ʢʨʽʤ 

ʪʦʛʦ, ʩʫʤʽʩʥʠʡ ʟ MIMO, ʱʦ ʻ ʢʣʶʯʝʤ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʪʘ/ʘʙʦ 

ʥʘʜʽʡʥʦʩʪʽ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʮʽ ʧʝʨʝʚʘʛʠ, ʤʝʪʦʜ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʝ ʧʦʟʘʩʤʫʛʦʚʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

(OOBE). ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʶʪʴʩʷ ʤʝʪʦʜʠ ʦʙʤʝʞʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ 

ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʦʙʤʝʞʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʚʽʢʦʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ 

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

 

ʌʽʣʴʪʨʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʧʽʜʜʽʘʧʘʟʦʥʽʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʩʠʛʥʘʣʽʚ OFDM (f-OFDM) ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ 

ʤʽʞʩʤʫʛʦʚʠʭ ʟʘʚʘʜ, ʷʢʱʦ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʥʫʤʝʨʦʣʦʛʽʾ ʘʙʦ ʘʩʠʥʭʨʦʥʥʫ ʧʝʨʝʜʘʯʫ ʤʽʞ ʩʦʙʦʶ [2, 3]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʥʠʞʝʥʥʷ OOBE ʟ ʥʝʟʥʘʯʥʠʤ ʟʥʠʞʝʥʥʷʤ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʢʦʞʥʦʤʫ ʧʽʜʜʽʘʧʘʟʦʥʽ 

ʧʦʨʫʰʫʻʪʴʩʷ ʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʩʠʤʚʦʣʘʤʠ OFDM ʫ ʯʘʩʦʚʽʡ ʜʽʣʷʥʮʽ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟʽ 

ʟʚʠʯʘʡʥʠʤ OFDM, f-OFDM ʧʽʜʪʨʠʤʫʻ ʟʤʽʰʘʥʫ ʥʫʤʝʨʦʣʦʛʽʶ ʪʘ ʘʩʠʥʭʨʦʥʥʫ ʧʝʨʝʜʘʯʫ ʧʦ ʧʽʜʜʽʘʧʘʟʦʥʘʭ, 

ʫʩʫʚʘʶʯʠ ʥʝʦʙʭʽʜʥʽʩʪʴ ʛʣʦʙʘʣʴʥʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, f-OFDM ʚʠʤʘʛʘʻ ʟʥʘʯʥʦ ʤʝʥʰʝ ʨʝʩʫʨʩʽʚ 

ʟʘʭʠʩʥʦʾ ʩʤʫʛʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʝʢʪʨ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ (ʟʘʚʜʷʢʠ ʭʦʨʦʰʠʤ ʧʦʢʘʟʥʠʢʘʤ OOBE ʪʘ BLER), 

ʧʨʠ ʧʨʠʡʥʷʪʥʽʡ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʩʢʣʘʜʥʦʩʪʽ.  

ɼʣʷ ʟʛʣʘʜʞʫʚʘʥʥʷ ʧʝʨʝʭʦʜʫ ʤʽʞ ʧʦʩʣʽʜʦʚʥʠʤʠ ʩʠʤʚʦʣʘʤʠ OFDM ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʝʧʨʷʤʦʢʫʪʥʝ 

ʚʽʢʥʦ ʟʛʦʨʪʢʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ (W-OFDM), ʱʦ ʟʥʠʞʫʻ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ [4]. ʆʜʥʘʢ, ʯʘʩʪʠʥʘ ʜʦʚʞʠʥʠ 

ʧʨʝʬʽʢʩʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʢʥʘʤʠ, ʱʦ ʦʙʤʝʞʫʻ ʧʦʢʘʟʥʠʢʠ W-OFDM ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʾ 

ʜʦʚʞʠʥʠ. 

ʅʘ ʨʠʩ. 2 ʪʘ 3 ʧʦʨʽʚʥʶʻʪʴʩʷ ʨʽʚʝʥʴ BLER ʜʣʷ f-OFDM, W-OFDM ʪʘ OFDM ʫ ʚʠʧʘʜʢʘʭ ʟʤʽʰʘʥʦʾ 

ʥʫʤʝʨʦʣʦʛʽʾ DL [5] ʪʘ UL [6], ʚʽʜʧʦʚʽʜʥʦ, ʟ ʥʦʤʝʨʘʤʠ ʟʘʭʠʩʥʦʛʦ ʪʦʥʫ 0 ʪʘ 12. ʇʦʨʽʚʥʷʥʥʷ ʟʘʩʥʦʚʘʥʽ ʥʘ ʢʘʥʘʣʽ 

NLOS ʟ ʙʘʛʘʪʦʚʽʜʚʽʜʥʦʶ ʣʽʥʽʻʶ ʟʘʪʨʠʤʢʠ (TDL-C) ʟ ʨʦʟʢʠʜʦʤ ʟʘʪʨʠʤʢʠ 1000 ʥʩ ʫ ʩʤʫʟʽ 4 ɻɻʮ ʪʘ ʟ ʽʜʝʘʣʴʥʦʶ 

ʦʮʽʥʢʦʶ ʢʘʥʘʣʫ.  

 
ʈʠʩ. 2. ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ BLER ʜʣʷ ʤʝʪʦʜʽʚ f-OFDM, W-OFDM ʪʘ OFDM ʧʨʠ ʟʤʽʰʘʥʽʡ ʥʫʤʝʨʦʣʦʛʽʾ DL 

 

ʅʘ ʨʠʩ. 2 ʧʨʦʩʪʽʨ ʧʽʜʥʝʩʫʯʠʭ ʜʣʷ ʮʽʣʴʦʚʦʛʦ ʧʽʜʜʽʘʧʘʟʦʥʫ ʽ ʧʽʜʜʽʘʧʘʟʦʥʫ, ʱʦ ʟʘʚʘʞʘʻ, ʩʪʘʥʦʚʠʪʴ 15 

ʢɻʮ ʽ 30 ʢɻʮ ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʨʠʩ. 3 ʧʨʦʤʽʞʢʠ ʧʽʜʥʝʩʫʯʠʭ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʜʚʦʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʟʘʚʘʜʠ ʩʪʘʥʦʚʣʷʪʴ 15 ʢɻʮ ʽ 30 ʢɻʮ ʚʽʜʧʦʚʽʜʥʦ, ʘ ʧʨʠʩʪʨʽʡ, ʱʦ ʬʦʨʤʫʻ ʟʘʚʘʜʠ, ʤʘʻ 

ʧʦʪʫʞʥʽʩʪʴ ʥʘ 5 ʜɹ ʙʽʣʴʰʫ ʟʘ ʧʦʪʫʞʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʠʩʪʨʦʶ ʢʦʨʠʩʪʫʚʘʯʘ. ʏʠʩʣʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 51 

ʧʦʢʘʟʫʶʪʴ, ʱʦ f-OFDM ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʽ ʧʘʨʘʤʝʪʨʠ. ʆʜʥʘʢ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʢʘʥʘʣʫ, ʜʣʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʘʥʽ ʨʽʟʥʽ ʩʭʝʤʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʘʣʘʥʩ ʤʽʞ ʩʢʣʘʜʥʽʩʪʶ ʪʘ ʷʢʽʩʪʶ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ ʽʟ ʩʫʩʽʜʥʽʭ ʜʽʘʧʘʟʦʥʽʚ 

ʧʨʠʡʤʘʯ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠ ʤʝʪʦʜ ʬʽʣʴʪʨʘʮʽʾ ʘʙʦ ʚʽʢʦʥʥʠʡ ʤʝʪʦʜ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʘʢʪʠʯʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʚ 

ʤʝʨʝʞʘʭ 5G ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ CP-OFDM ʙʝʟ ʷʚʥʠʭ ʚʢʘʟʽʚʦʢ ʥʘ ʦʙʤʝʞʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘ ʦʩʥʦʚʽ 

ʬʽʣʴʪʨʘʮʽʾ ʘʙʦ ʚʽʢʦʥʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

 

 
ʈʠʩ. 3. ʇʦʨʽʚʥʷʥʥʷ ʟʥʘʯʝʥʴ BLER ʜʣʷ ʤʝʪʦʜʽʚ f-OFDM, W-OFDM ʪʘ OFDM ʧʨʠ ʟʤʽʰʘʥʽʡ ʥʫʤʝʨʦʣʦʛʽʾ UL 

 

ʄʝʪʦʜ ʫʥʽʚʝʨʩʘʣʴʥʦʾ ʬʽʣʴʪʨʦʚʘʥʦʾ ʤʥʦʞʠʥʥʦʾ ʥʝʩʫʯʦʾ (UFMC) ʟʘʩʪʦʩʦʚʫʻ ʬʽʣʴʪʨʘʮʽʶ ʧʽʜʜʽʘʧʘʟʦʥʽʚ 

ʜʦ ʢʦʞʥʦʛʦ ʩʠʤʚʦʣʫ OFDM, ʽ ʯʝʨʝʟ ʣʽʥʽʡʥʠʡ ʟʛʦʨʪʦʢ ʬʽʣʴʪʨʘʮʽʾ ʮʠʢʣʽʯʥʠʡ ʧʨʝʬʽʢʩ ʟʘʤʽʥʶʻʪʴʩʷ 

ʨʦʟʰʠʨʝʥʥʷʤʠ ʩʠʤʚʦʣʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʠʩʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʤʽʞ ʩʠʤʚʦʣʘʤʠ [7]. ʇʨʠ ʮʴʦʤʫ, ʜʦʚʞʠʥʘ 

ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʦʙʤʝʞʫʻ ʜʦʚʞʠʥʫ UFMC ʬʽʣʴʪʨʘ ʽ, ʦʪʞʝ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OOBE. ʆʩʢʽʣʴʢʠ ʤʝʪʦʜ UFMC 

ʥʝ ʤʘʻ ʮʠʢʣʽʯʥʦʛʦ ʧʨʝʬʽʢʩʘ, ʚʽʥ ʙʽʣʴʰ ʩʢʣʘʜʥʠʡ ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʝʤʦʜʫʣʷʮʽʾ ʪʘ ʙʽʣʴʰ ʯʫʪʣʠʚʠʡ ʜʦ 

ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʯʘʩʫ ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʝʪʦʜʦʤ ʫʱʽʣʴʥʝʥʥʷ CP-OFDM.  

ɺ ʤʝʪʦʜʽ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ (GFDM) ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʭʦʨʦʰʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ OOBE ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨʘʮʽʷ ʧʽʜʥʝʩʫʯʠʭ. ʆʩʢʽʣʴʢʠ ʧʽʜʥʝʩʫʯʽ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʟʴʢʦ ʦʜʠʥ 

ʜʦ ʦʜʥʦʛʦ ʽ ʥʝ ʚʟʘʻʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʽ ʪʦʤʫ, ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ ʤʽʞ ʥʝʩʫʯʠʤʠ (ICI) ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʽʜʥʝʩʫʯʽ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ, ʢʨʫʛʦʚʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʢʽʥʮʝʚʽ ʙʽʪʠ [1]. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ICI, ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʧʽʩʣʷ ʬʽʣʴʪʨʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ, ʷʢ ʽ ʨʘʥʽʰʝ, 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽ ʧʨʠʡʤʘʯʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʩʪʨʫʢʪʫʨʫ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ ʽ ʧʝʨʝʜʘʯʫ MIMO. 

ʂʨʽʤ ʪʦʛʦ, ʩʠʛʥʘʣʠ ʚ GFDM ʦʙʨʦʙʣʷʶʪʴʩʷ ʧʦʙʣʦʯʥʦ; ʭʦʯʘ ʚʠʪʨʘʪʠ ʥʘ ʮʠʢʣʽʯʥʠʡ ʧʨʝʬʽʢʩ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʤʝʥʰʝʥʽ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʪʨʠʤʢʘ ʦʙʨʦʙʢʠ ʽ, ʦʪʞʝ, ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʝʞʠʤʫ ʧʝʨʝʜʘʯʽ ʟ ʤʘʣʦʶ 

ʟʘʪʨʠʤʢʦʶ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʽʟ ʩʧʝʢʪʨʘʣʴʥʠʤ ʧʦʧʝʨʝʜʥʽʤ ʢʦʜʫʚʘʥʥʷʤ (SP-OFDM) ʟʘʩʪʦʩʦʚʫʻ ʧʨʝʢʦʜʝʨ ʜʦ 

ʩʠʤʚʦʣʽʚ ʜʘʥʠʭ ʧʝʨʝʜ ʤʦʜʫʣʷʮʽʻʶ OFDM, ʱʦ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ OOBE [2]. ʎʝ ʩʢʦʨʦʯʝʥʥʷ ʦʙʤʝʞʝʥʝ, 

ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ. ʍʦʯʘ ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ ʩʪʚʦʨʶʻ ʟʘʚʘʜʠ ʤʽʞ ʥʝʩʫʯʠʤʠ, ʷʢʽ 

ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ (ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʥʘ ʽʥʚʝʨʩʽʶ ʧʨʝʢʦʜʝʨʘ) ʚ ʧʨʠʡʤʘʯʽ, ʷʢʱʦ ʧʨʠʡʤʘʯ ʤʘʻ 

ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʧʨʝʢʦʜʝʨʘ. ʆʪʞʝ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʩʢʣʘʜʥʽʩʪʴ, ʽ ʪʦʤʫ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʜʦʜʘʪʢʦʚʘ ʦʙʨʦʙʢʘ 

ʩʠʛʥʘʣʫ. ʂʨʽʤ ʪʦʛʦ, ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʚʥʫʪʨʽʰʥʴʦʩʤʫʛʦʚʫ ʧʫʣʴʩʘʮʽʶ, ʷʢʘ ʧʦʛʽʨʰʫʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʝʢʪʦʨʘ.  

ɺ ʤʝʪʦʜʽ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʽʟ ʟʤʽʱʝʥʥʷʤ QAM (FBMC-OQAM) 

ʢʦʞʥʘ ʧʽʜʥʝʩʫʯʘ ʬʽʣʴʪʨʫʻʪʴʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʫʞʝ ʭʦʨʦʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OOBE [3]. ʋ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʦʩʥʦʚʽ ʧʨʝʬʽʢʩʽʚ ʘʙʦ ʜʦʧʦʚʥʝʥʴ (ʥʘʧʨʠʢʣʘʜ, CP-OFDM), ʤʝʪʦʜ 

ʫʱʽʣʴʥʝʥʥʷ FBMC-OQAM ʥʝ ʧʦʪʨʝʙʫʻ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ ʩʠʥʭʨʦʥʽʟʘʮʽʾ. 

ʆʜʥʘʢ ʯʝʨʝʟ ʬʽʣʴʪʨʘʮʽʶ ʧʽʜʥʦʩʽʡʥʠʭ ʜʦʚʞʠʥʘ ʬʽʣʴʪʨʘ ʟʘʟʚʠʯʘʡ ʜʫʞʝ ʚʝʣʠʢʘ (ʥʘʧʨʠʢʣʘʜ, ʙʽʣʴʰ ʥʽʞ ʫ ʪʨʠ 

ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʚʦʣʫ). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʤʝʪʦʜ FBMC-OQAM ʥʝ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʢʦʨʦʪʢʠʭ 

ʩʠʤʚʦʣʽʚ, ʷʢ ʮʝ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʩʠʩʪʝʤ ʟ ʤʘʣʦʶ ʟʘʪʨʠʤʢʦʶ. ʂʨʽʤ ʪʦʛʦ, ʚʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʢʣʘʜʥʫ ʩʭʝʤʫ ʦʮʽʥʢʠ 

ʢʘʥʘʣʫ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʨʦʟʰʠʨʝʥʠʡ ʜʦ MIMO ʯʝʨʝʟ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʫ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʣʘʩʪʷʭ, ʱʦ 

ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʯʘʩʪʦʪʥʦʛʦ ʬʽʣʴʪʨʦʚʘʥʦʛʦ ʩʠʛʥʘʣʫ ʟ QAM (FBMC-QAM) 

ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʧʦʤ'ʷʢʰʝʥʥʷ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ ʩʠʛʥʘʣʫ FBMC-OQAM, ʢʦʣʠ ʧʘʨʥʽ ʪʘ ʥʝʧʘʨʥʽ ʧʽʜʥʝʩʫʯʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʬʽʣʴʪʨʠ [4]. ʄʝʪʦʜ FBMC-QAM ʦʧʪʠʤʽʟʫʻ ʜʚʘ ʪʠʧʠ ʬʽʣʴʪʨʽʚ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ ʤʽʞ ʥʝʩʫʯʠʤʠ, ʩʧʨʠʯʠʥʝʥʠʤʠ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽʩʪʶ ʚ ʢʦʤʧʣʝʢʩʥʠʭ ʦʙʣʘʩʪʷʭ. ʎʝ 

ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʠʡ OOBE ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʚʛʦʛʦ ʬʽʣʴʪʨʘ ʯʝʨʝʟ ʧʨʠʨʦʜʫ ʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʧʽʜʥʝʩʫʯʠʭ. ʆʜʥʘʢ ʪʝʭʥʦʣʦʛʽʷ FBMC-QAM ʥʝ ʤʦʞʝ ʧʦʚʥʽʩʪʶ ʫʩʫʥʫʪʠ ʚʥʫʪʨʽʰʥʽ ʚʟʘʻʤʥʽ ʟʘʚʘʜʠ, ʷʢʽ ʚʝʜʫʪʴ 

ʜʦ ʟʥʠʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʫ ʥʘʚʽʪʴ ʟʘ ʫʤʦʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʠʡʤʘʯʘ. 

ʂʨʽʤ ʪʦʛʦ, ʥʝʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʫʩʢʣʘʜʥʶʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʫʱʽʣʴʥʝʥʥʷ FBMC-QAM ʫ ʩʮʝʥʘʨʽʷʭ ʩʠʩʪʝʤ 

MIMO ʪʘ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ (NOMA). 

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʟʚʘʞʝʥʦʾ ʢʨʫʛʦʚʦʾ ʟʛʦʨʪʢʠ FBMC-OQAM (WCC-FBMCOQAM) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ çʭʚʦʩʪʽʚè, ʚʠʢʣʠʢʘʥʠʭ ʣʽʥʽʡʥʦʶ ʟʛʦʨʪʢʦʶ ʬʽʣʴʪʨʘ ʧʽʜʥʦʩʽʡʥʠʭ ʫ ʩʭʝʤʽ 
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FBMC-OQAM [5]. ʎʝ ʫʩʫʚʘʻ ʯʘʩʦʚʽ ʚʠʪʨʘʪʠ, ʥʝ ʚʠʢʣʠʢʘʶʯʠ ʧʦʷʚʠ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ ʤʽʞ ʧʽʜʥʝʩʫʯʠʤʠ ʘʙʦ 

ʤʽʞʩʠʤʚʦʣʴʥʠʤʠ ʟʘʚʘʜʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʟʚʘʞʝʥʝ ʢʝʨʫʚʘʥʥʷ ʧʝʨʽʦʜʠʯʥʦʶ ʟʛʦʨʪʢʦʶ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʣʘʚʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʦ ʢʨʘʷʭ ʩʠʛʥʘʣʫ, ʪʠʤ ʩʘʤʠʤ ʚʠʨʽʰʫʶʯʠ ʧʨʦʙʣʝʤʫ 

ʨʽʟʢʠʭ ʢʨʘʾʚ ʩʠʛʥʘʣʫ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʚʠʢʣʠʢʘʥʠʭ ʢʨʫʛʦʚʦʶ ʟʛʦʨʪʢʦʶ. ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ WCC-FBMC-

OQAM ʟʘʙʝʟʧʝʯʫʻ ʚʠʥʷʪʢʦʚʠʡ ʧʦʢʘʟʥʠʢ OOBE ʟ ʦʙʤʝʞʝʥʠʤʠ ʥʘʢʣʘʜʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʧʝʨʽʦʜʠʯʥʫ ʟʛʦʨʪʢʫ 

ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʍʦʯʘ ʚʽʥ ʚʠʜʘʣʷʻ ʭʚʦʩʪʠ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʣʴʪʨʘʮʽʾ, ʚʽʥ ʤʘʻ ʽʥʰʽ ʥʝʜʦʣʽʢʠ FBMC-

OQAM (ʥʘʧʨʠʢʣʘʜ, ʥʝʩʫʤʽʩʥʠʡ ʟ ʪʝʭʥʦʣʦʛʽʻʶ MIMO, ʷʢʘ ʻ ʢʣʶʯʝʤ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ).  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʱʽʣʴʥʦ ʥʘʣʘʰʪʦʚʘʥʦʛʦ OFDM (FC-OFDM), ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ FBMC-OQAM ʽ OFDM ʚ ʦʜʥʦʤʫ ʰʚʠʜʢʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʽ ʌʫʨ'ʻ (FFT), ʜʝ ʟʘʭʠʩʥʽ ʧʽʜʥʝʩʫʯʽ 

ʟʘʨʝʟʝʨʚʦʚʘʥʽ ʜʣʷ ʨʦʟʜʽʣʝʥʥʷ ʟʘʚʘʜ ʚʽʜ FBMC-OQAM ʜʦ OFDM [6]. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʮʝ ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʥʽʡ 

ʩʪʨʫʢʪʫʨʽ ʧʝʨʝʜʘʯʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʮʽ ʜʚʽ ʬʦʨʤʠ ʩʠʛʥʘʣʫ. ʆʜʥʘʢ ʜʣʷ ʧʨʠʜʫʰʝʥʥʷ OOBE OFDM ʧʦʪʨʽʙʥʘ 

ʜʦʜʘʪʢʦʚʘ ʬʽʣʴʪʨʘʮʽʷ ʘʙʦ ʧʝʨʽʦʜʠʯʥʘ ʟʛʦʨʪʢʘ. ʂʨʽʤ ʪʦʛʦ, ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʢʨʠʪʪʷ FBMC-OQAM (ʜʦʚʞʠʥʘ 

ʬʽʣʴʪʨʘ, ʧʦʜʽʣʝʥʘ ʥʘ ʨʦʟʤʽʨ FFT) ʦʙʤʝʞʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤ 1 ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʥʠʟʴʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʦʙʨʦʙʢʠ, ʱʦ 

ʟʚʦʜʠʪʴ ʥʘʥʽʚʝʮʴ ʧʝʨʝʚʘʛʫ OOBE ʟʘʛʘʣʴʥʦʛʦ FBMC-OQAM, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʝʣʠʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʝʨʝʢʨʠʪʪʷ (ʥʘʧʨʠʢʣʘʜ, 4).  

ɺ ʤʝʪʦʜʽ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʛʦ ʧʨʦʩʪʦʨʫ (OTFS) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʚʦʚʠʤʽʨʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʯʘʩʪʦʪʥʦ-ʯʘʩʦʚʦʾ ʦʙʣʘʩʪʽ ʚ 

ʦʙʣʘʩʪʴ ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʟʘʪʨʠʤʢʠ, ʽ ʮʽ ʧʝʨʝʪʚʦʨʝʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʧʝʨʝʜʘʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʦʛʦ 

ʤʦʜʫʣʷʪʦʨʘ OFDM [5]. ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ OTFS ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʢʘʥʘʣʠ ʻ ʨʦʟʨʽʜʞʝʥʠʤʠ ʪʘ ʥʝʟʤʽʥʥʠʤʠ ʚ 

ʦʙʣʘʩʪʽ ʜʦʧʣʝʨʽʚʩʴʢʦʾ ʟʘʪʨʠʤʢʠ, ʜʝ ʜʘʥʽ ʟʛʦʨʪʘʶʪʴʩʷ ʟ ʮʠʤʠ ʢʘʥʘʣʘʤʠ. ʇʨʠ ʮʴʦʤʫ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʧʦʪʝʥʮʽʡʥʠʡ ʚʠʛʨʘʰ ʫ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʩʮʝʥʘʨʽʷʭ, ʘʣʝ ʮʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʩʠʤʚʦʣʫ ʽ ʜʫʞʝ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʚʠʨʽʚʥʶʚʘʣʴʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ MIMO. 

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ CP-OFDM ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʦʧʦʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʜʝʤʦʜʫʣʷʮʽʾ (DMRS) ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ 

ʚʠʩʦʢʦʶ ʤʦʙʽʣʴʥʽʩʪʶ ʙʫʜʝ ʤʘʪʠ ʜʫʞʝ ʭʦʨʦʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʩʦʙʣʠʚʦ ʚ ʢʘʥʘʣʘʭ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ LOS.  

ɺ ʤʝʪʦʜʽ ʩʧʝʢʪʨʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ (SEFDM) ʪʘ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʟ ʧʝʨʝʢʨʠʪʪʷʤ (OVFDM) ʧʦʨʽʚʥʷʥʦ ʟ OFDM, ʩʠʛʥʘʣ 

SEFDM/OVFDM ʚʠʢʦʨʠʩʪʦʚʫʻ ʽʥʪʝʨʚʘʣ ʤʽʞ ʧʽʜʥʝʩʫʯʠʤʠ, ʷʢʠʡ ʤʝʥʰʠʡ ʟʘ ʰʠʨʠʥʫ ʧʽʜʥʝʩʫʯʦʾ [4, 6]. ʆʪʞʝ, 

ʩʠʛʥʘʣʠ ʩʪʠʩʢʘʶʪʴʩʷ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ. ɹʽʣʴʰʝ ʩʪʠʩʥʝʥʥʷ ʦʟʥʘʯʘʻ, ʱʦ 

ʩʠʛʥʘʣ ʟʘʡʤʘʻ ʤʝʥʰ ʰʠʨʦʢʫ ʩʤʫʛʫ, ʘʣʝ ʮʝ ʟʙʽʣʴʰʫʻ ʚʥʫʪʨʽʰʥʽ ʟʘʚʘʜʠ. ɼʣʷ ʧʨʠʜʫʰʝʥʥʷ ʮʠʭ ʟʘʚʘʜ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʠʡʤʘʯ. ʆʜʥʘʢ ʮʝʡ ʧʽʜʭʽʜ ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʥʠʡ, ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʘʛʘʪʦʨʦʟʨʷʜʥʦʾ 

ʤʦʜʫʣʷʮʽʾ ʪʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʜʥʝʩʫʯʠʭ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʫʞʥʦʛʦ ʢʦʜʫʚʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʧʦʣʷʨʥʠʡ ʢʦʜ) ʚ 

ʩʠʩʪʝʤʽ ʧʝʨʝʜʘʚʘʥʥʷ ʟʤʝʥʰʫʻ ʜʦʜʘʪʢʦʚʠʡ ʚʠʛʨʘʰ ʫ ʧʨʦʧʫʩʢʥʽʡ ʟʜʘʪʥʦʩʪʽ. ʆʩʢʽʣʴʢʠ ʚʠʩʦʢʘ ʤʦʜʫʣʷʮʽʷ 

ʯʫʪʣʠʚʘ ʜʦ ʰʫʤʫ ʪʘ ʟʘʚʘʜ, ʯʝʨʝʟ ʚʥʫʪʨʽʰʥʽ ʚʟʘʻʤʥʽ ʧʝʨʝʰʢʦʜʠ ʤʦʞʝ ʩʪʘʪʠʩʷ ʚʪʨʘʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ.  

ɺ ʤʝʪʦʜʽ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʥʦʛʦ OFDM (V-OFDM) ʜʘʥʽ N ʧʽʜʥʦʩʽʡʥʠʭ ʢʦʞʥʦʛʦ OFDM 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ K ʩʫʙʚʝʢʪʦʨʽʚ ʜʦʚʞʠʥʦʶ N/K. ɼʦ ʢʦʞʥʦʛʦ ʩʫʙʚʝʢʪʦʨʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʚʦʨʦʪʥʝ ʰʚʠʜʢʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (IFFT), ʽ ʨʝʟʫʣʴʪʫʶʯʽ K ʩʫʙʚʝʢʪʦʨʽʚ ʧʝʨʝʤʝʞʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʧʝʨʝʤʝʞʦʚʘʥʦʛʦ 

ʚʝʢʪʦʨʘ ʜʦʚʞʠʥʠ N, ʷʢʠʡ ʧʝʨʝʜʘʻʪʴʩʷ ʨʘʟʦʤ ʟ ʮʠʢʣʽʯʥʠʤ ʧʨʝʬʽʢʩʦʤ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ OFDM, ʚ ʷʢʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ N ʧʽʜʥʝʩʫʯʠʭ, V-OFDM ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ FFT, ʱʦ ʜʦʟʚʦʣʷʻ ʩʧʨʦʩʪʠʪʠ ʦʙʨʦʙʢʫ ʚ ʧʝʨʝʜʘʚʘʯʽ 

ʽ ʟʤʝʥʰʠʪʠ PAPR. ɸʣʝ ʦʩʢʽʣʴʢʠ ʩʠʛʥʘʣʠ ʯʝʨʛʫʶʪʴʩʷ, ʩʧʝʢʪʨ ʥʝ ʣʦʢʘʣʽʟʦʚʘʥʠʡ. ʂʨʽʤ ʪʦʛʦ, ʩʝʨʝʜ K 

ʩʫʙʚʝʢʪʦʨʽʚ ʽʩʥʫʶʪʴ ʤʽʞʩʠʤʚʦʣʴʥʽ ʟʘʚʘʜʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʩʢʣʘʜʥʽʩʪʴ ʚʠʨʽʚʥʶʚʘʥʥʷ V-OFDM ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʽʟ CP-OFDM.  

ʄʝʪʦʜ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʥʝʦʨʪʦʛʦʥʘʣʴʥʠʤ ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ (NOFDM) / ʽʤʧʫʣʴʩʥʝ 

ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ OFDM (P-OFDM) / OFDM (FB-OFDM) ʽʟ ʬʽʣʴʪʨʘʮʽʻʶ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ ʽʤʧʫʣʴʩʫ (ʷʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ CP-OFDM) NOFDM/P-OFDM/FB- OFDM ʨʦʟʛʣʷʜʘʻ 

ʬʦʨʤʫ ʽʤʧʫʣʴʩʫ ʷʢ ʱʝ ʦʜʠʥ ʨʽʚʝʥʴ ʩʚʦʙʦʜʠ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʨʽʟʥʠʭ ʚʠʤʦʛ ʜʦ ʩʠʛʥʘʣʫ [3ï5]. ʅʘʧʨʠʢʣʘʜ, 

ʬʦʨʤʘ ʽʤʧʫʣʴʩʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʤʘʪʠ ʨʽʟʢʝ ʟʛʘʩʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʪʘ ʧʦʢʨʘʱʠʪʠ 

ʯʘʩʪʦʪʥʫ ʣʦʢʘʣʽʟʘʮʽʶ ʧʦʨʽʚʥʷʥʦ ʟ OFDM. ʈʽʟʥʽ ʤʝʪʦʜʠ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ, ʪʘʢʽ ʷʢ 

CP-OFDM, W-OFDM, GFDM ʽ FBMC-OQAM, ʤʦʞʫʪʴ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʦʛʽʯʥʫ ʦʙʨʦʙʢʫ 

ʧʝʨʝʜʘʯʽ, ʘʣʝ ʚʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʾ ʬʦʨʤʠ ʽʤʧʫʣʴʩʫ ʪʘ ʽʥʪʝʨʚʘʣʠ ʩʠʤʚʦʣʽʚ ʜʣʷ ʨʽʟʥʠʭ ʬʦʨʤ 

ʩʠʛʥʘʣʽʚ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʨʽʟʥʷʪʴʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʽʷʥʠʭ ʽʤʧʫʣʴʩʥʠʭ ʬʫʥʢʮʽʡ ʪʘ 

ʩʠʤʚʦʣʴʥʠʭ ʽʥʪʝʨʚʘʣʽʚ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʝʡʚʣʝʪ-OFDM ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ (ʷʢ 

ʮʝ ʨʦʙʠʪʴʩʷ ʚ OFDM) ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (DWT) [6]. ɿʦʢʨʝʤʘ, ʟʚʦʨʦʪʥʝ 

ʜʠʩʢʨʝʪʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ (IDWT) ʪʘ DWT ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘ ʩʪʦʨʦʥʘʭ ʧʝʨʝʜʘʚʘʯʘ ʪʘ ʧʨʠʡʤʘʯʘ 

ʚʽʜʧʦʚʽʜʥʦ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʠʩʢʨʝʪʥʠʭ ʛʨʝʙʽʥʯʘʩʪʠʭ ʬʽʣʴʪʨʽʚ. ʇʦʜʽʙʥʦ ʜʦ ʩʭʝʤ ʬʽʣʴʪʨʘʮʽʾ ʧʽʜʥʝʩʫʯʠʭ, 

ʚʝʡʚʣʝʪ-OFDM ʟʘʙʝʟʧʝʯʫʻ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ OOBE ʯʝʨʝʟ ʧʝʨʝʢʨʠʪʪʷ ʩʠʤʚʦʣʽʚ (ʭʚʦʩʪʠ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ 

ʜʦʚʛʠʭ ʬʽʣʴʪʨʽʚ) ʽ ʥʝ ʚʠʤʘʛʘʻ ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʚ ʯʘʩʽ. ʏʝʨʝʟ ʜʦʚʛʽ ʭʚʦʩʪʽ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʚʽʥ ʥʝ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟ ʤʘʣʦʶ ʟʘʪʨʠʤʢʦʶ. ɹʽʣʴʰʝ ʪʦʛʦ, ʡʦʛʦ ʘʜʘʧʪʘʮʽʷ ʜʦ ʪʝʭʥʦʣʦʛʽʾ MIMO ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʄʝʪʦʜ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʧʦʜʽʣʦʤ ʧʦ ʃʘʛʨʘʥʞʫ ʪʘ ɺʘʥʜʝʨʤʦʥʜʫ (LVDM) ʫʟʘʛʘʣʴʥʶʻ OFDM ʽʟ 

ʟʘʧʦʚʥʝʥʥʷʤ ʥʫʣʷʤʠ (ZP-OFDM), ʧʨʠ ʷʢʦʤʫ ʧʝʨʝʜʘʚʘʯ ʤʦʜʫʣʶʻ ʚʝʢʪʦʨ ʩʠʤʚʦʣʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ ʃʘʛʨʘʥʞʘ, ʘ ʧʨʠʡʤʘʯ ʜʝʤʦʜʫʣʶʻ ʧʨʠʡʥʷʪʠʡ ʚʝʢʪʦʨ ʩʠʤʚʦʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʨʠʮʽ 
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ɺʘʥʜʝʨʤʦʥʜʘ [1]. ʉʠʛʥʘʪʫʨʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʘʪʨʠʮʴ ʃʘʛʨʘʥʞʘ ʪʘ ɺʘʥʜʝʨʤʦʥʜʘ ʦʧʪʠʤʽʟʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʘʥʘʣʽʚ ʟʘʚʤʠʨʘʥʥʷ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʥʥʷ ʧʨʦ ʢʘʥʘʣʠ. ʗʢʱʦ ʩʠʛʥʘʪʫʨʠ ʙʫʣʠ ʨʦʟʧʦʜʽʣʝʥʽ ʦʜʠʥʠʯʥʠʤ ʢʦʣʦʤ ʟ 

ʥʝʚʽʜʦʤʠʤʠ ʢʘʥʘʣʘʤʠ, LVDM ʩʢʦʨʦʯʫʻʪʴʩʷ ʜʦ ZP-OFDM. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʧʦʨʽʚʥʷʥʥʷ BLER ʚ ʢʦʜʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ).  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʣʽʥʽʡʥʦʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ, ʷʢ ʨʦʟʚʠʪʦʢ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ, ʟʘʜʽʷʥʦʛʦ ʚ OFDM, [7] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʜʨʦʙʦʚʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ, ʘ ʚ [8] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʬʦʨʤʫʚʘʥʥʷ ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ ʘʬʽʥʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʌʫʨ'ʻ. ɿʘʜʘʯʘʤʠ ʜʘʥʠʭ ʤʝʪʦʜʽʚ ʻ ʦʙʨʦʙʣʝʥʥʷ ʢʘʥʘʣʽʚ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ, ʚ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʝʬʝʢʪʫ 

ɼʦʧʣʝʨʘ. ɺʚʝʜʝʥʥʷ ʩʚʦʙʦʜʠ ʫ ʧʘʨʘʤʝʪʨ ʣʽʥʽʡʥʦʾ ʯʘʩʪʦʪʥʦʾ ʤʦʜʫʣʷʮʽʾ ʨʦʙʠʪʴ ʩʠʩʪʝʤʫ ʙʽʣʴʰ ʩʪʽʡʢʦʶ ʜʦ 

ʚʥʫʪʨʽʰʥʽʭ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ ʧʦʨʽʚʥʷʥʦ ʟ OFDM ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʽ ʢʘʥʘʣʠ ʟ 

ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ ʤʽʞ ʟʘʪʨʠʤʢʘʤʠ ʪʘ ʜʦʧʣʝʨʽʚʩʴʢʠʤʠ ʟʩʫʚʘʤʠ. ɺʪʽʤ, ʧʦʨʽʚʥʷʥʥʷ ʟ OFDM ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʨʪʦʛʦʥʘʣʴʥʦʾ ʤʥʦʞʠʥʥʦʾ ʥʝʩʫʯʦʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʘʟʦʚʦʾ ʬʫʥʢʮʽʾ ʉʣʝʧʽʘʥʘ (SNMC) [1]. ʇʨʠ ʮʴʦʤʫ, ʦʜʥʘ ʧʽʜʥʝʩʫʯʘ ʤʫʣʴʪʠʧʣʝʢʩʫʻʪʴʩʷ ʙʝʟʣʽʯʯʶ 

ʦʨʪʦʛʦʥʘʣʴʥʠʭ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ ʉʣʝʧʽʘʥʘ, ʷʢʽ ʧʝʨʝʥʦʩʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʩʠʤʚʦʣʠ QAM). 

ʆʩʢʽʣʴʢʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʥʝʨʛʽʾ ʚ ʙʘʟʦʚʽʡ ʬʫʥʢʮʽʾ ʉʣʝʧʽʘʥʘ ʦʧʪʠʤʘʣʴʥʘ ʷʢ ʫ ʯʘʩʦʚʽʡ, ʪʘʢ ʽ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ, 

SNMC ʟʘʙʝʟʧʝʯʫʻ ʜʫʞʝ ʭʦʨʦʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ OOBE. ʍʦʯʘ ʙʘʟʦʚʘ ʬʫʥʢʮʽʷ ʉʣʝʧʽʘʥʘ ʦʨʪʦʛʦʥʘʣʴʥʘ ʚ ʦʜʥʽʡ 

ʧʽʜʥʝʩʫʯʽʡ, ʚʩʝ ʞ ʪʘʢʠ ʚʟʘʻʤʥʽ ʟʘʚʘʜʠ ʽʩʥʫʶʪʴ ʯʝʨʝʟ ʥʝʦʨʪʦʛʦʥʘʣʴʥʽʩʪʴ ʤʽʞ ʧʽʜʥʝʩʫʯʠʤʠ. ʆʪʞʝ, ʜʣʷ 

ʧʨʠʜʫʰʝʥʥʷ ʚʟʘʻʤʥʠʭ ʟʘʚʘʜ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʠʡʤʘʯ. ʇʨʠ ʮʴʦʤʫ, ʪʘʢʦʞ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʩʭʝʤʘ ʧʽʣʦʪʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʦʮʽʥʢʠ ʢʘʥʘʣʫ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʫ ʩʮʝʥʘʨʽʷʭ MIMO ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʫ SNMC ʙʫʜʝ ʥʘʙʘʛʘʪʦ ʩʢʣʘʜʥʽʰʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ OFDM. 

ʉʠʛʥʘʣʠ ʟ ʦʜʥʽʻʾ ʥʝʩʫʯʦʾ (ʥʘʧʨʠʢʣʘʜ, DFT-s-OFDM, ʧʨʠʡʥʷʪʽ ʚ LTE ʪʘ NR UL) ʙʽʣʴʰ ʚʠʛʽʜʥʽ ʟ ʪʦʯʢʠ 

ʟʦʨʫ PAPR ʧʦʨʽʚʥʷʥʦ ʟ ʬʦʨʤʘʤʠ ʩʠʛʥʘʣʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ. ʇʦʜʽʙʥʽ ʩʠʛʥʘʣʠ ʪʘʢʦʞ ʩʪʽʡʢʽʰʽ ʜʦ 

ʬʘʟʦʚʦʛʦ ʰʫʤʫ ʟ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʦʶ ʦʮʽʥʢʦʶ ʪʘ ʢʦʤʧʝʥʩʘʮʽʻʶ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ. ʆʜʥʘʢ ʩʠʛʥʘʣʠ ʟ ʦʜʥʽʻʶ 

ʥʝʩʫʯʦʶ ʤʘʶʪʴ ʜʝʷʢʽ ʟʘʛʘʣʴʥʽ ʥʝʜʦʣʽʢʠ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʩʮʝʥʘʨʽʾ ʾʭʥʴʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʧʽʜʪʨʠʤʢʘ 

ʦʧʝʨʘʮʽʡ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ ʢʘʥʘʣʽʚ (FDM), ʪʘʢʠʭ ʷʢ ʧʦʜʽʣ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʜʽʣ 

ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʜʘʥʠʭ ʪʘ ʘʛʨʝʛʘʮʽʷ ʥʝʩʫʯʠʭ ʧʦʛʽʨʰʠʪʴ ʟʥʘʯʝʥʥʷ PAPR. ʂʨʽʤ ʪʦʛʦ, ʚʠʜʽʣʝʥʥʷ ʯʘʩʪʦʪʥʠʭ 

ʨʝʩʫʨʩʽʚ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴʩʷ ʩʠʛʥʘʣʘʤʠ ʟ ʦʜʥʽʻʾ ʥʝʩʫʯʦʾ, ʟʘʥʘʜʪʦ 

ʦʙʤʝʞʝʥʽ, ʱʦʙ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʠʟʴʢʠʡ PAPR ʪʘ ʨʦʟʫʤʥʫ ʩʢʣʘʜʥʽʩʪʴ ʦʙʨʦʙʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʩʪʦʾ ʢʦʨʝʢʮʽʾ ʚ 

ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ (ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ OFDM) ʚ ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʠʭ ʯʘʩʪʦʪʥʦ-ʚʠʙʽʨʢʦʚʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʢʘʥʘʣʘʭ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʧʝʨʝʜʘʚʘʥʥʷ. ʇʨʠʯʦʤʫ ʮʷ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʥʘʙʘʛʘʪʦ ʚʠʱʘ ʫ ʩʮʝʥʘʨʽʷʭ MIMO, ʜʝ OFDM ʤʦʞʝ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ ʚ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ 

(ʥʘʚʽʪʴ ʜʣʷ ʢʦʞʥʦʾ ʧʽʜʥʦʩʽʡʥʦʾ), ʥʝ ʚʧʣʠʚʘʶʯʠ ʥʘ PAPR. ɯ ʥʘʚʧʘʢʠ, ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʠʟʴʢʦʛʦ PAPR ʩʠʛʥʘʣʠ ʟ 

ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʣʠʰʝ ʧʦʚʥʦʩʤʫʛʦʚʝ ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ. ʅʘʚʝʜʝʤʦ ʤʝʪʦʜʠ 

ʫʱʽʣʴʥʝʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʜʥʦʾ ʥʦʩʽʡʥʦʾ ʥʘ ʦʩʥʦʚʽ ʨʦʟʰʠʨʝʥʥʷ DFT, ʚ ʷʢʦʤʫ ʙʽʣʴʰʽʩʪʴ 

ʙʘʛʘʪʦʯʘʩʪʦʪʥʠʭ ʩʠʛʥʘʣʽʚ, ʨʦʟʛʣʷʥʫʪʠʭ ʨʘʥʽʰʝ, ʤʦʞʥʘ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʚʝʨʩʽʾ ʟ ʦʜʥʽʻʾ ʥʝʩʫʯʦʾ. 

ʊʠʧʦʚʠʤ ʧʨʠʢʣʘʜʦʤ ʻ DFT-s-OFDM. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʦʧʝʨʝʜʥʻ ʢʦʜʫʚʘʥʥʷ DFT ʧʝʨʝʥʦʩʠʪʴ ʚʭʽʜʥʽ ʩʠʛʥʘʣʠ 

ʚ ʯʘʩʪʦʪʥʫ ʦʙʣʘʩʪʴ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʟʤʝʥʰʝʥʥʷ PAPR ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪʥʦʾ 

ʦʙʣʘʩʪʽ (FDSS), ʷʢʝ ʟʘʟʚʠʯʘʡ ʧʝʨʝʜʙʘʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʩʤʫʛʠ ʧʨʦʧʫʩʢʘʥʥʷ (ʪʦʙʪʦ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ). ʌʽʣʴʪʨ FDSS ʥʝ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʧʨʠ ʤʦʜʫʣʷʮʽʾ ʚʠʩʦʢʦʛʦ 

ʧʦʨʷʜʢʫ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʜʝʢʦʜʫʚʘʥʥʷ ʯʝʨʝʟ ʟʘʪʨʝʙʫʚʘʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʩʣʫʞʙʦʚʠʭ 

ʩʠʛʥʘʣʽʚ. ʉʠʛʥʘʣʠ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʬʦʨʤʫʶʪʴʩʷ ʫ ʙʘʞʘʥʽʡ ʩʤʫʟʽ ʧʨʦʧʫʩʢʘʥʥʷ, ʘ ʧʦʪʽʤ ʧʝʨʝʥʦʩʷʪʴʩʷ ʥʘʟʘʜ ʫ 

ʯʘʩʦʚʫ ʦʙʣʘʩʪʴ ʰʣʷʭʦʤ ʰʚʠʜʢʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ. ʇʨʠ ʮʴʦʤʫ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʦʜʥʦʨʘʟʦʚʦʾ ʢʦʨʝʢʮʽʾ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʯʘ ʫ ʩʠʛʥʘʣ ʟʘʟʚʠʯʘʡ ʜʦʜʘʻʪʴʩʷ ʮʠʢʣʽʯʥʠʡ ʧʨʝʬʽʢʩ. 

ʍʦʯʘ ʚʠʜʽʣʝʥʥʷ ʨʝʩʫʨʩʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʙʨʦʙʢʠ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʩʫʤʽʩʥʝ ʽʟ OFDM ʪʘ ʦʙʤʝʞʝʥʦ ʢʽʣʴʢʦʤʘ 

ʚʘʨʽʘʥʪʘʤʠ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʧʝʨʘʮʽʾ DFT.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ SC-QAM/SC-FDE ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʨʘʜʠʮʽʡʥʠʡ ʩʠʛʥʘʣ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ, ʜʝ ʚʩʷ 

ʦʙʨʦʙʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ [5]. ʇʦʜʽʙʥʦ ʜʦ ʤʝʪʦʜʫ ʫʱʽʣʴʥʝʥʥʷ DFT-s-OFDM, ʚ ʤʝʪʦʜʽ SC-

QAM/SC-FDE ʜʦʜʘʻʪʴʩʷ ʮʠʢʣʽʯʥʠʡ ʧʨʝʬʽʢʩ, ʥʫʣʽ ʘʙʦ ʫʥʽʢʘʣʴʥʽ ʩʣʦʚʘ (UW), ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʜʥʦʨʘʟʦʚʝ 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ ʥʘ ʩʪʦʨʦʥʽ ʧʨʠʡʤʘʯʘ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ DFT-s-OFDM, ʤʝʪʦʜ SC-QAM/SC-FDE 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʤʝʥʰʦʶ ʩʢʣʘʜʥʽʩʪʶ (ʙʦ ʥʽ DFT, ʥʽ IFFT ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʩʪʦʨʦʥʽ ʧʝʨʝʜʘʚʘʯʘ) ʽ 

ʤʝʥʰʦʶ ʛʥʫʯʢʽʩʪʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʦʧʝʨʘʮʽʡ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ɿʦʢʨʝʤʘ, ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ SC-QAM/SC-FDE 

ʧʽʜʪʨʠʤʫʻ ʣʠʰʝ ʧʝʨʝʜʘʯʫ/ʧʨʠʡʦʤ ʟ ʧʦʚʥʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʯʘʩʪʦʪʥʦʛʦ ʧʦʜʽʣʫ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʢʘʥʘʣʽʚ ʯʠ ʦʧʦʨʥʠʭ ʩʠʛʥʘʣʽʚ.  

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ZT/UW-DFT-s-OFDM ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʤʙʽʥʘʮʽʾ ʪʝʭʥʦʣʦʛʽʡ DFT-s-OFDM, ʫ ʷʢʽʡ 

ʥʫʣʽ ʘʙʦ ʫʥʽʢʘʣʴʥʽ ʩʣʦʚʘ ʜʦʜʘʶʪʴʩʷ ʧʝʨʝʜ ʜʠʩʢʨʝʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨ'ʻ ʜʣʷ ʟʘʤʽʥʠ ʮʠʢʣʽʯʥʦʛʦ ʧʨʝʬʽʢʩʘ 

[6]. ʋ ʤʝʪʦʜʽ DFT-s-OFDM ʩʣʫʞʙʦʚʽ ʜʘʥʽ ʮʠʢʣʽʯʥʦʛʦ ʧʨʝʬʽʢʩʘ ʻ ʬʽʢʩʦʚʘʥʠʤʠ ʪʘ ʩʧʽʣʴʥʠʤʠ ʜʣʷ ʚʩʽʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʦʜʽ ʷʢ ʜʦʚʞʠʥʘ ʥʫʣʽʚ ʘʙʦ ʫʥʽʢʘʣʴʥʦʛʦ ʩʣʦʚʘ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʦʨʠʩʪʫʚʘʯʘ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʠʥʘʤʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʩʣʫʞʙʦʚʠʭ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʟʘʪʨʠʤʢʠ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚ ZT/UW-

DFT-s- OFDM. ʎʝ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʜʝʷʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʟ ʤʘʣʠʤ ʨʦʟʢʠʜʦʤ 

ʟʘʪʨʠʤʢʠ. ʆʜʥʘʢ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʧʨʝʬʽʢʩʘ ʪʨʠʚʘʣʽʩʪʴ ʩʠʤʚʦʣʫ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʫʩʽʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ 

ʮʠʢʣʽʯʥʦʛʦ ʧʨʝʬʽʢʩʘ, ʦʧʠʩʘʥʠʭ ʨʘʥʽʰʝ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʜ ZT/UW-DFT-sOFDM ʥʝ ʤʦʞʝ 
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ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʪʠʩʷ ʟ ʮʠʤʠ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʚ ʦʜʥʽʡ ʽ ʪʽʡ ʩʘʤʽʡ ʩʤʫʟʽ. ɼʽʧʘʟʦʥ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʟʘʪʨʠʤʢʠ ʢʘʥʘʣʫ 

ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜʦʤʠʡ ʥʘ ʩʪʦʨʦʥʘʭ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʜʣʷ ʯʦʛʦ ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ 

ʜʦʜʘʪʢʦʚʽ ʩʣʫʞʙʦʚʽ ʜʘʥʽ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠ ʤʦʜʫʣʷʮʽʾ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʙʫʜʫʪʴ ʦʙʤʝʞʝʥʽ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʽʣʴʮʝʚʦʾ ʟʛʦʨʪʢʠ ʢʘʥʘʣʽʚ. 

ʄʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʅʘʡʢʚʽʩʪʫ (FTN) / ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ ʟ ʧʝʨʝʢʨʠʪʪʷʤ ʫ 

ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ (OVTDM), ʷʢʠʡ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ SEFDM/OVFDM, ʮʝʡ ʤʝʪʦʜ ʧʘʢʫʻ ʩʠʤʚʦʣʠ ʚ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʜʣʷ ʧʝʨʝʜʘʯʽ ʟʽ ʰʚʠʜʢʽʩʪʶ FTN [1, 3]. ʅʝʜʦʣʽʢʠ ʤʝʪʦʜʫ FTN/OVTDM ʪʘʢʽ ʩʘʤʽ, ʷʢ ʽ ʫ ʤʝʪʦʜʽ 

SEFDM/OVFDM, ʘ ʩʘʤʝ ʩʢʣʘʜʥʠʡ ʧʨʠʡʤʘʯ ʟ ʧʦʪʝʥʮʽʡʥʦ ʦʙʤʝʞʝʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ 

ʘʙʦ ʚʟʘʛʘʣʽ ʙʝʟ ʥʴʦʛʦ ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʠʩʪʝʤʘʤʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʪʫʞʥʫ ʩʭʝʤʫ ʢʦʜʫʚʘʥʥʷ. ʄʝʪʦʜʠ 

OVFDM ʪʘ OVTDM ʩʧʽʣʴʥʦ ʥʘʟʠʚʘʶʪʴʩʷ ʤʝʪʦʜʘʤʠ ʤʫʣʴʪʠʧʣʝʢʩʫʚʘʥʥʷ X-ʦʙʣʘʩʪʽ ʟ ʧʝʨʝʢʨʠʪʪʷʤ (OVXDM) 

[1]. 

ʇʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʦʶ QAM ʤʦʜʫʣʷʮʽʻʶ ʽʥʰʽ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ, ʥʠʞʯʠʡ PAPR ʪʘ ʢʨʘʱʫ ʩʪʽʡʢʽʩʪʴ ʜʦ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʧʦʪʚʦʨʝʥʴ. ɼʝʷʢʽ ʟ ʪʘʢʠʭ ʩʭʝʤ 

ʤʦʜʫʣʷʮʽʾ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ.  

ʇʦʚʝʨʥʝʥʘ QAM ʤʦʜʫʣʷʮʽʷ ʻ ʟʚʠʯʘʡʥʦʶ QAM ʤʦʜʫʣʷʮʽʻʶ ʧʽʩʣʷ ʪʦʛʦ, ʷʢ ʜʦ ʥʝʾ ʟʘʩʪʦʩʫʚʘʣʠ ʟʩʫʚ 

(ʧʦʚʦʨʦʪ) ʬʘʟʠ. ʅʘʧʨʠʢʣʘʜ, ʢʚʘʜʨʘʪʫʨʥʘ ʬʘʟʦʚʘ ʤʘʥʽʧʫʣʷʮʽʷ ʟ ʧʦʚʦʨʦʪʦʤ ˊ/4 (QPSK) ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ 

ʚʫʟʴʢʦʩʤʫʛʦʚʦʤʫ UL ʽʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (NB-IoT), ʜʝ ʧʦʚʦʨʦʪ ʬʘʟʠ ʜʦʨʽʚʥʶʻ ˊ/4Ĭ(n mod 2), ʘ n ï ʽʥʜʝʢʩ 

ʩʠʤʚʦʣʫ. ɼʦʜʘʪʢʦʚʝ ʦʙʝʨʪʘʥʥʷ ʬʘʟʠ ʤʦʞʝ ʟʤʝʥʰʠʪʠ ʟʩʫʚ ʬʘʟʠ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʦʜʫʣʴʦʚʘʥʠʤʠ ʩʠʤʚʦʣʘʤʠ, 

ʱʦ, ʩʚʦʻʶ ʯʝʨʛʦʶ, ʤʦʞʝ ʟʤʝʥʰʠʪʠ PAPR ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʟ ʦʜʥʽʻʶ ʥʝʩʫʯʦʶ. ʆʜʥʘʢ 

ʟʨʦʩʪʘʥʥʷ ʟʥʘʯʝʥʥʷ PAPR ʥʘʜʟʚʠʯʘʡʥʦ ʦʙʤʝʞʫʻ ʤʦʜʫʣʷʮʽʶ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʚʠʱʝ ʟʘ QPSK ʤʦʜʫʣʷʮʽʶ. ʂʨʽʤ 

ʪʦʛʦ, ʦʙʝʨʥʝʥʘ QAM ʤʦʜʫʣʷʮʽʷ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʘʟʦʤ ʟ ʥʝʧʨʦʟʦʨʠʤ FDSS ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʜʣʷ 

ʤʝʪʦʜʫ ʫʱʽʣʴʥʝʥʥʷ DFT-s-OFDM ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʭʦʨʦʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ PAPR ʪʘ BLER.  

ɺ ʤʝʨʝʞʘʭ 5G ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʽʣʴʢʘ ʩʭʝʤ ʥʝʨʝʛʫʣʷʨʥʦʾ QAM ʤʦʜʫʣʷʮʽʾ, ʚʢʣʶʯʘʶʯʠ 1D/2D-

ʦʧʪʠʤʽʟʦʚʘʥʫ ʥʝʦʜʥʦʨʽʜʥʫ QAM ʤʦʜʫʣʷʮʽʶ, ʡʤʦʚʽʨʥʽʩʥʫ ʢʦʜʦʚʘʥʫ ʤʦʜʫʣʷʮʽʶ [2] ʪʘ ʘʤʧʣʽʪʫʜʥʦ-ʬʘʟʦʚʫ 

ʤʘʥʽʧʫʣʷʮʽʶ (APSK). ʎʽ ʩʭʝʤʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʽʜʩʠʣʝʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷ, ʧʦʣʽʧʰʝʥʥʷ PAPR ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʦ ʬʘʟʦʚʦʛʦ ʰʫʤʫ. ʆʜʥʘʢ ʪʘʢʠʡ ʚʠʛʨʘʰ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʱʦʾ ʩʢʣʘʜʥʦʩʪʽ ʜʝʤʦʜʫʣʷʮʽʾ.  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʬʘʟʦʚʦʛʦ ʟʩʫʚʫ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʤʦʜʫʣʴʦʚʘʥʠʤʠ ʩʠʤʚʦʣʘʤʠ, [3] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʽʥʪʝʨʧʦʣʷʮʽʶ ʩʫʢʫʧʥʦʩʪʽ. ɿʦʢʨʝʤʘ, ʤʦʜʫʣʴʦʚʘʥʘ ʩʫʢʫʧʥʽʩʪʴ ʩʧʦʯʘʪʢʫ ʽʥʪʝʨʧʦʣʶʻʪʴʩʷ ʧʦ ʛʣʘʜʢʽʡ ʪʨʘʻʢʪʦʨʽʾ ʟ 

ʧʦʩʪʽʡʥʦʶ ʦʛʠʥʘʶʯʦʶ (ʜʣʷ QPSK) ʘʙʦ ʪʨʘʻʢʪʦʨʽʾ ʟ ʤʘʡʞʝ ʧʦʩʪʽʡʥʦʶ ʦʛʠʥʘʶʯʦʶ (ʜʣʷ QAM) ʧʝʨʝʜ 

ʦʧʝʨʘʮʽʻʶ ʜʠʩʢʨʝʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨ'ʻ ʚ ʤʝʪʦʜʽ ʫʱʽʣʴʥʝʥʥʷ DFT-s-OFDM. ɯʥʪʝʨʧʦʣʷʮʽʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʩʪʦʛʦ ʛʨʘʪʯʘʩʪʦʛʦ ʢʦʜʝʨʘ ʟ Q ʩʪʘʥʦʤ, ʜʝ Q - ʚʠʭʽʜʥʠʡ ʨʦʟʤʽʨ ʩʫʢʫʧʥʦʩʪʽ. ʇʽʜʚʠʱʝʥʥʷ 

ʢʦʝʬʽʮʽʻʥʪʫ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʫʤʦʚʣʶʻ ʟʙʽʣʴʰʝʥʥʷ ʦʙʤʝʞʝʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʩʫʢʫʧʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʝʥʰʦʛʦ PAPR ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʩʢʣʘʜʥʦʩʪʽ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ FDSS ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʪʘ PAPR, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʽʟʥʽ ʬʽʣʴʪʨʠ 

ʬʦʨʤʫʚʘʥʥʷ ʩʧʝʢʪʨʫ. ɼʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʘʥʘʣʽʚ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʪʘʥʜʘʨʪʥʠʡ ʝʢʚʘʣʘʡʟʝʨ ʟ ʦʜʥʠʤ 

ʚʽʜʚʝʜʝʥʥʷʤ ʫ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ. ɺʠʨʽʚʥʷʥʠʡ ʩʠʤʚʦʣ ʧʦʪʽʤ ʧʦʜʘʻʪʴʩʷ ʚ ˇʨʘʪʯʘʩʪʠʡ ʜʝʢʦʜʝʨ Q ʩʪʘʥʽʚ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʣʦʛʘʨʠʬʤʽʯʥʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ (LLR) ʜʣʷ ʜʝʢʦʜʝʨʘ ʟ ʧʨʷʤʠʤ ʚʠʧʨʘʚʣʝʥʥʷʤ 

ʧʦʤʠʣʦʢ (FEC). ɯʥʪʝʨʧʦʣʷʮʽʷ ʩʫʢʫʧʥʦʩʪʽ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʙʨʠʡ ʨʽʚʝʥʴ PAPR ʟʘ ʨʘʭʫʥʦʢ 

ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʜʘʯʽ ʪʘ ʧʨʠʡʦʤʫ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʨʽʚʥʷ 

BLER ʧʨʠ ʨʽʟʥʠʭ ʢʦʤʧʨʦʤʽʩʘʭ ʤʽʞ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ ʪʘ ʨʽʚʥʝʤ PAPR.  

ɹʘʛʘʪʦʚʠʤʽʨʥʘ ʤʦʜʫʣʷʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʣʴʰʝ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʢʘʥʘʣʫ ʟʘ 

ʨʘʭʫʥʦʢ ʫʩʢʣʘʜʥʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ. ɼʘʥʘ ʤʦʜʫʣʷʮʽʷ ʤʦʞʝ ʧʦʣʽʧʰʠʪʠ ʢʦʝʬʽʮʽʻʥʪ ʨʦʟʨʽʟʥʝʥʥʷ ʩʠʤʚʦʣʽʚ, ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʢʦʤʙʽʥʘʮʽʷʤʠ QAM. ʊʘʢʦʞ ʚʦʥʘ ʤʦʞʝ ʥʘʜʘʪʠ ʥʦʚʠʡ ʩʧʦʩʽʙ ʦʨʛʘʥʽʟʘʮʽʾ ʤʘʩʦʚʦʛʦ 

ʜʦʩʪʫʧʫ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʪʘʢʠʡ ʷʢ ʩʭʝʤʘ ʤʥʦʞʠʥʥʦʛʦ ʜʦʩʪʫʧʫ ʟ ʨʦʟʨʽʜʞʝʥʠʤ ʢʦʜʦʤ (SCMA) [4, 5]. ʂʨʽʤ ʪʦʛʦ, 

ʜʣʷ ʥʝʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ ʙʝʟ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʛʨʘʩʤʘʥʦʚʽ ʩʫʢʫʧʥʦʩʪʽ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ ʥʘ ʧʽʣʦʪ-ʩʠʛʥʘʣ ʫ ʧʝʚʥʠʭ ʚʠʧʘʜʢʘʭ (ʥʘʧʨʠʢʣʘʜ, mMTC ʪʘ ʤʘʩʠʚʥʽ 

MIMO) ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʜʝʪʝʢʪʫʚʘʥʥʷ [6].  

ʇʨʠ ʽʥʜʝʢʩʥʽʡ ʤʦʜʫʣʷʮʽʾ ʽʥʜʝʢʩʠ ʩʢʣʘʜʦʚʠʭ ʙʣʦʢʽʚ ʫ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʝʨʝʜʘʯʽ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ. ɼʚʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʜʝʢʩʥʦʾ ʤʦʜʫʣʷʮʽʾ ï ʮʝ ʧʨʦʩʪʦʨʦʚʘ ʤʦʜʫʣʷʮʽʷ ʪʘ OFDM ʟ 

ʽʥʜʝʢʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ [7]. ʇʨʦʩʪʦʨʦʚʘ ʤʦʜʫʣʷʮʽʷ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʢʩʽʚ 

ʧʝʨʝʜʘʶʯʠʭ ʘʥʪʝʥ ʥʘ ʜʦʜʘʪʦʢ ʜʦ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ ʩʠʤʚʦʣʴʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʥʘʧʨʠʢʣʘʜ, QAM). ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

OFDM ʟ ʽʥʜʝʢʩʥʦʶ ʤʦʜʫʣʷʮʽʻʶ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʜʝʢʩʽʚ ʧʽʜʥʦʩʽʡʥʠʭ ʧʝʨʝʜʘʯʽ. 

ɯʥʜʝʢʩʥʘ ʤʦʜʫʣʷʮʽʷ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʭʦʨʦʰʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʘʣʝ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʘ 

ʙʫʜʝ ʥʠʞʯʦʶ, ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʥʘ ʦʩʥʦʚʽ QAM ʤʦʜʫʣʷʮʽʾ. 

 

ɺʠʩʥʦʚʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʫʱʽʣʴʥʝʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʥʦʩʽʡʥʠʭ, ʚʠʟʥʘʯʝʥʦ 

ʜʦʤʽʥʫʶʯʠʡ ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʟʦʢʨʝʤʘ, ʤʝʪʦʜ CP-OFDM ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ, ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʛʥʫʯʢʽʩʪʴ ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʶ ʮʠʢʣʽʯʥʦʛʦ ʧʨʝʬʽʢʩʫ. 

ʊʦʤʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʽʙʥʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ 

ʬʘʢʪ, ʱʦ ʮʠʢʣʽʯʥʽ ʧʨʝʬʽʢʩʠ ʤʦʞʫʪʴ ʧʦʛʽʨʰʠʪʠ ʘʚʪʦʢʦʨʝʣʷʮʽʶ ʚ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ, ʧʨʠʡʥʷʪʦ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʙʨʦʙʢʠ ʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ, ʷʢʠʡ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʧʘʨʘʤʝʪʨʠ CP-OFDM ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 55 

ʚʠʛʨʘʰʝʤ ʚʽʜ ʦʙʨʦʙʢʠ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʤʝʪʦʜ ʫʱʽʣʴʥʝʥʥʷ CP-OFDM ʚʽʣʴʥʠʡ ʚʽʜ ʧʨʦʙʣʝʤʠ 

ʜʦʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ ʜʽʘʧʘʟʦʥʫ, ʪʘʢʠʤ ʯʠʥʦʤ ʦʮʽʥʢʠ ʜʘʣʴʥʦʩʪʽ ʪʘ ʜʦʧʣʝʨʽʚʩʴʢʦʛʦ ʟʩʫʚʫ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʚ CP-OFDM ʷʢ ʥʝʟʘʣʝʞʥʽ ʟʘʚʜʘʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʘʨʘʤʝʪʨʠ CP-OFDM, ʪʘʢʽ ʷʢ ʚʽʜʩʪʘʥʴ ʜʦ ʥʝʩʫʯʦʾ, ʚʝʣʠʯʠʥʘ 

ʟʘʭʠʩʥʦʛʦ ʽʥʪʝʨʚʘʣʫ, ʜʦʚʞʠʥʘ ʢʘʜʨʫ ʪʘ ʬʦʨʤʘ ʧʽʣʦʪ-ʩʠʛʥʘʣʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʘʜʘʧʪʦʚʘʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ 

ʪʘ ʩʪʽʡʢʦʩʪʽ ʜʝʪʝʢʪʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʆʜʥʘʢ ʧʦʜʽʙʥʽ ʧʝʨʝʚʘʛʠ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʽʜʝʘʣʴʥʽʡ ʩʠʥʭʨʦʥʽʟʘʮʽʾ 

(ʯʘʩʫ ʪʘ ʯʘʩʪʦʪʠ) ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʽ ʧʨʠʡʤʘʯʝʤ, ʭʦʯʘ ʽʜʝʘʣʴʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʷ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʥʝʤʦʞʣʠʚʦʶ, 

ʦʩʦʙʣʠʚʦ ʜʣʷ ʙʽʩʪʘʪʠʯʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ, ʢʦʣʠ ʧʝʨʝʜʘʚʘʯ ʪʘ ʧʨʠʡʤʘʯ ʩʠʛʥʘʣʫ ʩʢʘʥʫʚʘʥʥʷ ʥʝ ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʨʫʯ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʮʠʢʣʽʯʥʠʡ ʧʨʝʬʽʢʩ ʤʦʞʝ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʙʫʜʴ-ʷʢʠʭ ʧʝʨʝʚʘʛ ʜʣʷ ʷʢʽʩʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ, ʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʙʝʟ ʧʨʝʬʽʢʩʫ. ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʽʜʤʦʚʠ ʚʽʜ 

ʧʨʝʬʽʢʩʫ ʻ ʩʢʣʘʜʥʽʩʪʴ ʜʝʪʝʢʪʫʚʘʥʥʷ ʜʘʥʠʭ (ʯʝʨʝʟ ʤʽʞʩʠʤʚʦʣʴʥʽ ʧʝʨʝʰʢʦʜʠ), ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʫʪʠ. ʊʘʢʦʞ 

ʨʦʟʛʣʷʥʫʪʦ ʱʝ ʦʜʥʫ ʚʘʞʣʠʚʫ ʧʨʦʙʣʝʤʫ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, ʜʝ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ, ʻ 

ʚʝʣʠʢʠʡ PAPR ʩʠʛʥʘʣʽʚ ʟ ʜʝʢʽʣʴʢʦʤʘ ʥʝʩʫʯʠʤʠ (ʟ ʧʨʝʬʽʢʩʦʤ ʘʙʦ ʙʝʟ ʥʴʦʛʦ).  

ɼʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʠ ʫʱʽʣʴʥʝʥʥʷ ʟ ʦʜʥʦʶ ʥʝʩʫʯʦʶ, ʷʢʽ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʦʟʰʠʨʝʥʥʽ ʢʦʜʦʚʦʾ ʦʙʣʘʩʪʽ 

ʩʧʽʣʴʥʠʭ ʩʠʛʥʘʣʽʚ ʨʘʜʘʨʫ ʪʘ ʟʚ'ʷʟʢʫ, ʚ ʷʢʦʤʫ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʘʨʫ ʚʧʣʠʚʘʻ ʘʚʪʦʢʦʨʝʣʷʮʽʷ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ʆʜʥʘʢ ʜʦʚʛʠʡ ʨʦʟʰʠʨʶʚʘʣʴʥʠʡ ʢʦʜ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʭʦʨʦʰʦʾ ʘʚʪʦʢʦʨʝʣʷʮʽʾ, ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʝʢʪʨʫ ʜʣʷ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʦʮʽʥʢʘ ʜʦʧʣʝʨʽʚʩʴʢʦʛʦ ʝʬʝʢʪʫ ʥʝ ʻ 

ʪʨʠʚʽʘʣʴʥʦʶ ʽ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʽʰʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɿʜʽʡʩʥʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʩʭʝʤʠ ʤʦʜʫʣʷʮʽʾ ʩʠʛʥʘʣʽʚ ʚ 

ʨʘʜʽʦʩʠʩʪʝʤʘʭ 5/6G. 
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̩̈́̐̑̏̐̏̎̏̃́̎̏ ̝̩̔̈́̄́̌̎̆̎̏ ̨̍̏̅̆̌ ̨̩̎̓̆̄̑̏̃́̎̏ ̒̉̒̓̆̍̉ ̠̒̋́̎̔̃́̎̎ ̓́ ̠̐̆̑̆̅́̃́̎̎ ̖̅́̎̉Ȣ 
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INTEGRATED RADIO SCA NNING AND COMMUNICAT ION SYSTEM  
 

The article discusses ways to optimize the performance of information communication systems, which includes increasing spectral 
efficiency and reliability while minimizing delay and energy consumption due to the full integration of communication and scanning services. 
The functioning algorithm of the integrated scanning and communication system and the organization scheme of the communication mode 
using the scanning process based on the proposed generalized model of the integrated scanning and data transmission system are 
considered. 

Ways to improve the efficiency of telecommunication systems due to the joint use of communication and scanning tools with the 
best compromise between scanning characteristics and the bandwidth of the transmission channel are considered. 

Peculiarities of improving wireless communication systems with regard to high data transfer rates, low latency and wide 
connection possibilities are studied. In particular, access to other system functions, such as scanning/visualization and localization, is 
justified. Due to the considered innovative applications, the possibility of increasing the performance of the integrated wireless scanning and 
communication system (ISAC) is determined. The researched positioning process in 5G is proposed to be expanded due to additional 
detection functions, in particular with the use of new metrics such as accuracy and resolution. New KPIs in 6G networks are considered, 
replacing the KPI of positioning accuracy in 5G. As a result, key performance indicators based on different application scenarios are 
proposed, the accuracy of which should be from 1 to 10 cm, and the resolution should be up to 1 mm. 

The potential of the new ISAC technology was investigated, in particular, the features of the coexistence of communication and 
scanning modules in an integrated solution at the system level and methods of increasing the efficiency of coexistence at the system level 
were considered; justification of a positive result from an integrated system solution for communication and scanning services; advantages 
and disadvantages of existing communication and scanning systems with implemented integration at the system level. 

The obtained results of research on the integration of communication and scanning means, in particular: the analysis of the 
performance of generalized ISAC networks and the conclusions about the fundamental limits of performance obtained for a simple structure 
made it possible to determine the best compromise between the characteristics of scanning and the bandwidth of the communication 
channel, provided an opportunity to create practical schemes, which approximate a compromise of waveforms, coding tables, structures and 
protocols. 

 

Keywords: integrated scanning and communication system, radio access network, spectral efficiency, radio 

frequency scanning, wireless communication, flexible communication system, radar imaging, tomography. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ʉʪʽʣʴʥʠʢʦʚʽ ʤʝʨʝʞʽ ʩʧʦʯʘʪʢʫ ʙʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʘ ʰʚʠʜʢʝ 

ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʧʦʚ'ʷʟʘʥʝ ʽʟ ʬʫʥʢʮʽʻʶ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʦʙʽʣʴʥʦʛʦ 

ʟʘʩʦʙʫ ʟʚôʷʟʢʫ, ʱʦ ʧʨʠʚʝʨʥʫʣʦ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞʘʭ. 

ʅʘʡʙʽʣʴʰ ʽʥʪʨʠʛʫʶʯʽ ʩʮʝʥʘʨʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ 6G ʚʢʣʶʯʘʶʪʴ ʧʦʙʫʜʦʚʫ ʢʘʨʪʠʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʘ 

ʪʘʢʦʞ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ/ʜʽʡ. ʊʦʤʫ, ʧʨʦʮʝʩ ʝʬʝʢʪʠʚʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʥʦʚʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʞʣʠʚʽʩʪʴ ʩʠʩʪʝʤ 6G, ʷʢʫ ʤʦʞʥʘ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʷʢ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʜʦʚʢʽʣʣʷ. ʎʝʡ ʧʨʦʮʝʩ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʧʝʨʘʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʫʤʦʚʥʦ ʚʽʜʥʝʩʪʠ ʜʦ ʦʜʥʽʻʾ ʟ ʜʚʦʭ ʥʘʩʪʫʧʥʠʭ 

ʢʘʪʝʛʦʨʽʡ: ʨʘʜʽʦʯʘʩʪʦʪʥʝ ʩʢʘʥʫʚʘʥʥʷ: ʬʘʢʪʠʯʥʦ ʮʝ ʚʽʜʧʨʘʚʢʘ ʨʘʜʽʦʩʠʛʥʘʣʫ ʪʘ ʚʠʚʯʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʧʨʠʡʦʤʫ ʪʘ ʦʙʨʦʙʢʠ ʚʽʜʙʠʪʠʭ ʩʠʛʥʘʣʽʚ; ʚʽʟʫʘʣʴʥʝ ʩʢʘʥʫʚʘʥʥʷ (ʚʽʟʫʘʣʽʟʘʮʽʷ): 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʽʜʝʦ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʘʤʝʨʠ) ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʩʪʦʨʦʚʦʾ ʢʘʨʪʠʥʠ [1]. 

ʇʦʩʠʣʘʶʯʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʫ ʭʚʠʣʶ ʪʘ ʦʪʨʠʤʫʶʯʠ ʚʽʜʣʫʥʥʷ, ʨʘʜʽʦʯʘʩʪʦʪʥʝ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʝ 

ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʙ'ʻʢʪʠ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʥʘʧʨʠʢʣʘʜ ʧʨʦ ʽʩʥʫʚʘʥʥʷ, ʪʝʢʩʪʫʨʫ, 

ʚʽʜʩʪʘʥʴ, ʰʚʠʜʢʽʩʪʴ, ʬʦʨʤʫ ʪʘ ʦʨʽʻʥʪʘʮʽʶ. ʋ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤʘʭ ʨʘʜʽʦʯʘʩʪʦʪʥʝ ʩʢʘʥʫʚʘʥʥʷ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʢʣʘʩʠʯʥʦʛʦ ʨʘʜʘʨʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʧʘʩʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ, 

ʪʦʙʪʦ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʥʝ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʫ ʤʝʨʝʞʽ. ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʤʘʶʪʴ ʜʚʘ 

ʦʩʥʦʚʥʠʭ ʦʙʤʝʞʝʥʥʷ: ʚʦʥʠ ʘʚʪʦʥʦʤʥʽ ʪʘ ʦʨʽʻʥʪʦʚʘʥʽ ʥʘ ʢʦʥʢʨʝʪʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʦʙʪʦ ʚʦʥʠ ʥʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ 

ʽʥʰʠʤʠ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ; ʚʦʥʠ ʥʘʮʽʣʝʥʽ ʣʠʰʝ ʥʘ ʧʘʩʠʚʥʽ ʦʙ'ʻʢʪʠ ʽ ʥʝ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʟʥʘʢʠ ʘʢʪʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ, ʪʦʙʪʦ ʦʙ'ʻʢʪʽʚ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʫ ʤʝʨʝʞʽ [2]. 

ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʦʾ ʙʝʟʜʨʦʪʦʚʦʾ ʤʝʨʝʞʽ ʻ ʦʧʪʠʤʽʟʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʚ'ʷʟʢʫ, 

ʱʦ ʚʢʣʶʯʘʻ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʟʘʪʨʠʤʢʠ ʪʘ 

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʨʘʟ ʷʢ ʥʽʢʦʣʠ ʥʝʦʙʭʽʜʥʽ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʽ, ʝʬʝʢʪʠʚʥʽ ʪʘ ʛʥʫʯʢʽ 

ʩʠʩʪʝʤʠ ʟʚ'ʷʟʢʫ, ʷʢʽ ʧʦʢʨʘʱʫʶʪʴ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʦʭʦʧʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʮʝʥʘʨʽʾʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ ʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ʊʨʘʜʠʮʽʡʥʘ ʧʨʘʢʪʠʢʘ ʚʢʣʶʯʘʻ ʜʚʽ ʨʽʟʥʽ ʧʽʜʩʠʩʪʝʤʠ, ʷʢʽ ʦʙʤʽʥʶʶʪʴʩʷ ʦʙʤʝʞʝʥʠʤ ʦʙʩʷʛʦʤ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʧʽʟʥʘʥʥʷ, ʘʣʝ ʮʝʡ ʧʽʜʭʽʜ ʤʘʻ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ, ʪʘʢʠʭ ʷʢ ʚʝʣʠʢʽ ʥʘʢʣʘʜʥʽ ʚʠʪʨʘʪʠ, 

ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʥʝʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʛʨʦʤʽʟʜʢʽʩʪʴ ʧʽʜʩʠʩʪʝʤ. ɸʣʴʪʝʨʥʘʪʠʚʥʠʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʪʦʤʫ 

ʬʘʢʪʽ, ʱʦ ʚ ʩʫʯʘʩʥʠʭ ʙʝʟʜʨʦʪʦʚʠʭ ʩʠʩʪʝʤʘʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʫʰʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪ 

(ʪʘʢʠʭ ʷʢ ʤʽʣʽʤʝʪʨʦʚʽ ʭʚʠʣʽ ʽ ʥʘʚʽʪʴ ʊɻʮ-ʜʽʘʧʘʟʦʥ) ʟ ʰʠʨʰʠʤ ʜʦʩʪʫʧʥʠʤ ʩʧʝʢʪʨʦʤ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʩʠʩʪʝʤʘʤ 

ʟʚ'ʷʟʢʫ ʤʘʪʠ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ. ʆʪʞʝ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʬʦʨʤ-ʬʘʢʪʦʨʫ ʜʝʷʢʽ ʘʧʘʨʘʪʥʽ ʢʦʤʧʦʥʝʥʪʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʩʧʽʣʴʥʦ ʜʚʦʤʘ ʪʠʧʘʤʠ ʩʠʩʪʝʤ, 

ʥʘʧʨʠʢʣʘʜ ʘʥʪʝʥʠ, ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʽ ʛʝʥʝʨʘʪʦʨʠ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʽ 

ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʩʧʽʣʴʥʽ ʨʝʩʫʨʩʠ, ʷʢ ʯʘʩ ʪʘ ʩʧʝʢʪʨ [3]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʫʤʦʚʣʶʻ ʧʦʜʘʣʴʰʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ 

ʱʦʜʦ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, ʥʠʟʴʢʦʾ ʟʘʪʨʠʤʢʠ ʪʘ ʰʠʨʦʢʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʟ'ʻʜʥʘʥʥʷ. ʎʝ ʚʽʜʢʨʠʻ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʩʪʫʧ ʜʦ ʽʥʰʠʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, ʪʘʢʠʭ ʷʢ ʩʢʘʥʫʚʘʥʥʷ/ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ, ʪʠʤ ʩʘʤʠʤ 

ʧʨʝʜʩʪʘʚʠʚʰʠ ʙʝʟʣʽʯ ʽʥʥʦʚʘʮʽʡʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ ʽ ʧʽʜʚʠʱʠʚʰʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʘʡʙʫʪʥʴʦʾ ʙʝʟʜʨʦʪʦʚʦʾ 

ʩʠʩʪʝʤʠ. ɺ ʽʥʪʝʛʨʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ (ISAC) ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʦʢ ʙʫʜʫʪʴ ʜʚʦʤʘ 

ʚʟʘʻʤʦʜʦʧʦʚʥʶʚʘʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ʅʘʩʣʽʜʫʶʯʠ ʮʶ ʪʝʥʜʝʥʮʽʶ, ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ 5G (ʷʢʝ ʦʙʤʝʞʝʥʦ 

ʘʢʪʠʚʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ) ʙʫʜʝ ʨʦʟʰʠʨʝʥʦ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʠʭ ʬʫʥʢʮʽʡ ʚʠʷʚʣʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʦʚʽ ʤʝʪʨʠʢʠ (ʪʘʢʽ ʷʢ ʪʦʯʥʽʩʪʴ ʽ ʟʜʘʪʥʽʩʪʴ) ʫ ʷʢʦʩʪʽ ʥʦʚʠʭ ʢʣʶʯʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚ 

ʤʝʨʝʞʘʭ 6G, ʟʘʤʽʥʶʶʯʠ KPI ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ 5G. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʧʨʦʧʦʥʫʶʪʴʩʷ ʢʣʶʯʦʚʽ ʧʦʢʘʟʥʠʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʦʯʥʽʩʪʴ ʷʢʠʭ ʤʦʞʝ ʩʪʘʥʦʚʠʪʠ ʚʽʜ 1 ʜʦ 10 

ʩʤ, ʘ ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ï ʜʦ 1 ʤʤ. ɺʢʘʟʘʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʫʧʫʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʢ̫ʽ ʥʝʦʙʭʽʜʥʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʠʪʠ [4]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 
ʇʨʦʝʢʪ ʧʘʨʪʥʝʨʩʪʚʘ 3-ʛʦ ʧʦʢʦʣʽʥʥʷ (3GPP) ʧʨʘʮʶʻ ʥʘʜ ʽʥʪʝʛʨʘʮʽʻʶ ʟʚ'ʷʟʢʫ ʪʘ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʟ ʯʘʩʽʚ 

GSM [1], ʽ ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʟʘʧʣʘʥʦʚʘʥʦ çʫʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʜʣʷ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ ʪʘ ʟʘʪʨʠʤʢʠ ʚ ʧʨʦʤʠʩʣʦʚʠʭ ʫʤʦʚʘʭ ʚ ʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʴè ʷʢ ʬʫʥʢʮʽʾ 5G NR, ʜʦʢʫʤʝʥʪ R17 [2]. 

ʆʜʥʘʢ, ʷʢ ʽ ʚ ʛʣʦʙʘʣʴʥʽʡ ʥʘʚʽʛʘʮʽʡʥʽʡ ʩʫʧʫʪʥʠʢʦʚʽʡ ʩʠʩʪʝʤʽ, ʬʫʥʢʮʽʷ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚ 5G NR ʧʨʠʟʥʘʯʝʥʘ 

ʪʽʣʴʢʠ ʜʣʷ ʘʢʪʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ (ʥʘ ʦʩʥʦʚʽ ʧʨʠʩʪʨʦʾʚ), ʪʦʙʪʦ ʧʨʠʩʪʨʦʾ ʦʙʤʽʥʶʶʪʴʩʷ ʩʠʛʥʘʣʘʤʠ ʟ ʢʽʣʴʢʦʤʘ 

ʤʝʨʝʞʝʚʠʤʠ ʚʫʟʣʘʤʠ, ʘ ʧʦʪʽʤ ʦʮʽʥʶʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʣʦʢʘʣʴʥʦ ʥʘ ʧʨʠʩʪʨʦʾ ʘʙʦ 

ʚʽʜʜʘʣʝʥʦ ʯʝʨʝʟ ʤʝʨʝʞʝʚʠʡ ʦʙ'ʻʢʪ. ʆʜʥʘʢ ʽʩʥʫʻ ʙʝʟʣʽʯ ʩʮʝʥʘʨʽʾʚ, ʚ ʷʢʠʭ ʧʦʪʨʽʙʥʝ ʚʠʷʚʣʝʥʥʷ ʪʘ ʣʦʢʘʣʽʟʘʮʽʷ 

ʧʘʩʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʩʢʘʥʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʟʦʥʘʤʠ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ. 

ɺʠʷʚʣʝʥʥʷ ʧʘʩʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʬʝʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʛʘʣʫʟʽ ʨʘʜʽʦʣʦʢʘʮʽʾ. 

ʇʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʨʘʜʘʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʶʯʠ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʚ 

ʘʝʨʦʧʦʨʪʘʭ ʪʘ ʤʦʨʩʴʢʠʭ ʧʦʨʪʘʭ, ʜʠʩʪʘʥʮʽʡʥʝ ʩʢʘʥʫʚʘʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʚʠʩʦʢʦʪʦʯʥʝ ʚʠʷʚʣʝʥʥʷ ʥʝʚʝʣʠʢʠʭ 

ʜʝʬʦʨʤʘʮʽʡ ʧʦʚʝʨʭʥʽ, ʚʠʤʽʨʶʚʘʥʥʷ ʦʙʝʟʣʽʩʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʥʽʪʦʨʠʥʛ ʚʫʣʢʘʥʽʚ ʪʘ ʟʝʤʣʝʪʨʫʩʽʚ. ɿʦʚʩʽʤ 

ʥʝʜʘʚʥʦ ʪʝʥʜʝʥʮʽʷ ʟʤʽʥʠʣʘʩʷ, ʽ ʪʝʧʝʨ ʩʶʜʠ ʜʦʜʘʣʠʩʷ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʟʽʪʢʥʝʥʥʷʤ, ʘ ʪʘʢʦʞ 

ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʟʜʦʨʦʚ'ʷ ʱʦʜʦ ʩʝʨʮʝʙʠʪʪʷ, ʜʠʭʘʥʥʷ ʪʘ ʨʫʭʫ ʛʦʣʦʩʦʚʠʭ ʟʚ'ʷʟʦʢ ʣʶʜʠʥʠ. ʆʩʢʽʣʴʢʠ ʧʦʜʽʙʥʽ 

ʩʝʥʩʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʚʩʶʜʥʦ, ʩʮʝʥʘʨʽʾ, ʚ ʷʢʠʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʨʘʜʘʨ, ʧʝʨʝʚʝʨʰʠʣʠ ʚʩʽ ʦʯʽʢʫʚʘʥʥʷ ʟ 

ʪʦʛʦ ʤʦʤʝʥʪʫ, ʢʦʣʠ ʚʽʥ ʙʫʚ ʚʧʝʨʰʝ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʩʧʨʦʝʢʪʦʚʘʥʠʡ, ʥʘʧʨʠʢʣʘʜ, Google Soli [3]. ʍʦʯʘ 5G NR 

ʩʧʦʯʘʪʢʫ ʥʝ ʧʽʜʪʨʠʤʫʻ ʨʘʜʽʦʣʦʢʘʮʽʡʥʝ ʩʢʘʥʫʚʘʥʥʷ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤʠ, ʘʣʝ ʚʩʝ-ʪʘʢʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʩʥʫʶʯʠʭ ʩʪʽʣʴʥʠʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʜʣʷ 

ʤʦʥʦʩʪʘʪʠʯʥʦʛʦ ʘʙʦ ʙʽʩʪʘʪʠʯʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʮʽʣʝʡ [4, 5]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʠʛʥʘʣʽʚ ʥʠʟʭʽʜʥʦʾ ʣʽʥʽʾ ʧʝʨʝʜʘʚʘʥʥʷ 

ʚ LTE ʽ NR ʜʣʷ ʨʦʙʦʪʠ ʨʘʜʘʨʘ ʧʝʨʝʜʙʘʯʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʦʚʥʦʜʫʧʣʝʢʩʥʦʛʦ ʨʝʞʠʤʫ ʤʦʥʦʩʪʘʪʠʯʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʗʢ ʧʨʘʚʠʣʦ, ʽʩʥʫʶʪʴ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʧʨʷʤʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʽʟʠʯʥʦʛʦ ʩʠʛʥʘʣʫ ʪʨʘʜʠʮʽʡʥʦʾ 

ʩʪʽʣʴʥʠʢʦʚʦʾ ʩʠʩʪʝʤʠ (ʚʢʣʶʯʘʶʯʠ 5G NR) ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ. ʆʪʞʝ, ʦʧʦʨʥʽ ʩʠʛʥʘʣʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʦʮʥ̔ʢʠ ʢʘʥʘʣʫ ʽ ʚʽʜʩʪʝʞʝʥʥʷ ʬʘʟʠ ʚ 5G NR, ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʪʦʨʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ, 
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ʘʣʝ ʧʨʠ ʮʴʦʤʫ, ʩʠʩʪʝʤʘ ʥʝ ʤʘʻ ʚ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʜʦʩʪʘʪʥʽʭ ʨʝʩʫʨʩʽʚ ʱʦʜʦ ʩʧʝʢʪʨʘ, ʯʘʩʫ ʘʙʦ ʧʨʦʩʪʦʨʫ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʽ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ [6]. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʩʧʝʢʪʨ ʻ 

ʜʫʞʝ ʦʙʤʝʞʝʥʠʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʝʞʠʤʫ ʟʚ'ʷʟʢʫ, ʘ ʦʧʦʨʥʽ ʩʠʛʥʘʣʠ ʨʝʪʝʣʴʥʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ. ʂʨʽʤ ʪʦʛʦ, ʨʝʞʠʤ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ ʥʝ ʧʦʪʨʝʙʫʻ ʜʫʞʝ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʜʦʚʢʽʣʣʷ. ʇʦ-ʜʨʫʛʝ, 

ʧʘʩʠʚʥʽ ʙʽʩʪʘʪʠʯʥʽ ʘʙʦ ʤʫʣʴʪʠʩʪʘʪʠʯʥʽ ʩʠʩʪʝʤʠ ʨʘʜʽʦʣʦʢʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʽʣʴʥʠʢʦʚʽ ʩʠʛʥʘʣʠ, 

ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤʠ, ʯʝʨʝʟ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʘʩʠʚʥʦʤʫ 

ʨʘʜʽʦʣʦʢʘʮʽʡʥʦʤʫ ʢʦʛʝʨʝʥʪʥʦʤʫ ʧʨʠʡʤʘʯʫ ʦʢʨʝʤʦʾ ʩʧʨʷʤʦʚʘʥʦʾ ʘʥʪʝʥʠ (ʧʨʷʤʠʡ ʢʘʥʘʣ) ʜʣʷ ʧʨʠʡʦʤʫ 

ʩʠʛʥʘʣʽʚ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ ʚ ʷʢʦʩʪʽ ʝʪʘʣʦʥʘ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʧʨʠ ʢʦʛʝʨʝʥʪʥʦʤʫ ʜʝʪʝʢʪʫʚʘʥʥʽ ʩʠʛʥʘʣʽʚ [7]. ʇʨʦʪʝ 

ʥʘʩʧʨʘʚʜʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʪʘʢʦʛʦ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ LOS ʥʝ ʽʩʥʫʻ ʯʝʨʝʟ ʚʧʣʠʚ ʰʫʤʫ, ʟʘʚʘʜʠ ʽ ʝʬʝʢʪʠ 

ʟʘʚʤʠʨʘʥʥʷ. ʎʷ ʧʨʦʙʣʝʤʘ ʱʝ ʙʽʣʴʰʝ ʧʦʩʠʣʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ (ʮʠʬʨʦʚʦʛʦ ʪʘ/ʘʙʦ 

ʘʥʘʣʦʛʦʚʦʛʦ), ʷʢʠʡ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʨʽʟʥʠʭ ʩʠʛʥʘʣʽʚ ʟ ʙʦʢʫ ʙʘʟʦʚʦʾ ʩʪʘʥʮʽʾ, ʱʦ 

ʥʘʧʨʘʚʣʷʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʘʤ ʫ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ, ʽ ʪʦʤʫ ʧʨʠʡʥʷʪʠʡ ʚʽʜʙʠʪʠʡ ʩʠʛʥʘʣ ʤʦʞʝ ʽ ʥʝ ʙʫʪʠ 

ʟʘʪʨʠʤʘʥʦʶ ʪʘ ʦʩʣʘʙʣʝʥʦʶ ʚʝʨʩʽʻʶ ʦʧʦʨʥʦʛʦ ʩʠʛʥʘʣʫ LOS. ɺ ʨʝʟʫʣʴʪʘʪʽ ʢʦʛʝʨʝʥʪʥʝ ʜʝʪʝʢʪʫʚʘʥʥʷ 

ʥʝʜʦʮʽʣʴʥʝ, ʘ ʧʘʩʠʚʥʠʡ ʨʘʜʘʨ ʧʨʘʮʶʻ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦ. ʂʨʽʤ ʪʦʛʦ, ʭʦʯʘ ʜʣʷ ʟʚ'ʷʟʢʫ ʩʠʛʥʘʣ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ 

ʟʘʟʚʠʯʘʡ ʢʦʨʠʩʥʠʡ, ʘʣʝ ʧʨʠ ʮʴʦʤʫ, ʚʢʨʘʡ ʚʘʞʣʠʚʦ ʚ ʧʘʩʠʚʥʽʡ ʨʘʜʽʦʣʦʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʣʘʙʢʠʭ ʝʭʦ-ʩʠʛʥʘʣʽʚ ʚʽʜ ʦʙôʻʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʨʠʜʫʰʫʚʘʪʠ ʩʠʣʴʥʠʡ ʩʠʛʥʘʣ ʧʨʷʤʦʾ ʚʠʜʠʤʦʩʪʽ, ʱʦ 

ʧʨʦʥʠʢʘʻ ʚ ʢʘʥʘʣ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʎʝ ʨʦʙʠʪʴ ʥʘʙʘʛʘʪʦ ʞʦʨʩʪʢʽʰʠʤʠ ʚʠʤʦʛʠ ʜʦ ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʧʘʩʠʚʥʠʭ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʧʨʠʡʤʘʯʽʚ ʥʽʞ ʜʣʷ ʧʨʠʡʤʘʯʽʚ ʟʚ'ʷʟʢʫ. ɯ ʦʩʪʘʥʥʻ, ʘʣʝ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʝ: ʫ ʧʘʩʠʚʥʽʡ 

ʤʫʣʴʪʠʩʪʘʪʠʯʥʽʡ ʢʦʥʬʽʛʫʨʘʮʽʾ ʩʠʩʪʝʤʠ ʥʝʤʘʻ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʚʫʟʣʘʤʠ Tx ʽ Rx, ʱʦ ʟʥʘʯʥʦ ʫʩʢʣʘʜʥʶʻ 

ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʢʦʛʝʨʝʥʪʥʦʾ ʦʙʨʦʙʢʠ [8].  

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʽʟ ʥʘʡʢʨʘʱʠʤ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ.  

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

1. ʌʦʨʤʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ 

ʩʠʛʥʘʣʽʚ (6G-ʚʽʟʫʘʣʽʟʘʮʽʷ), ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰʝ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʦʙ'ʻʢʪ ʽ ʥʘʜʘʪʠ ʙʘʟʦʚʽ ʜʘʥʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ [8]. ɺʽʟʫʘʣʽʟʘʮʽʶ ʤʦʞʥʘ ʧʦ ʩʫʪʽ 

ʟʤʦʜʝʣʶʚʘʪʠ ʷʢ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ [1]. ɺ ʦʩʥʦʚʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʣʝʞʠʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʭʚʠʣʴ ʜʣʷ ʦʧʨʦʤʽʥʝʥʥʷ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʰʣʷʭʦʤ ʟʙʠʨʘʥʥʷ ʨʦʟʩʽʷʥʠʭ ʝʭʦ-ʩʠʛʥʘʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʚʽ ʢʘʪʝʛʦʨʽʾ: 2D-ʚʽʟʫʘʣʽʟʘʮʽʷ ʪʘ 3D-ʪʦʤʦʛʨʘʬʽʷ. ɼʚʦʚʠʤʽʨʥʝ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʦʙôʻʢʪʽʚ ʽʟ ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʪʨʠʚʠʤʽʨʥʘ ʜʠʬʨʘʢʮʽʡʥʘ ʪʦʤʦʛʨʘʬʽʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ 

ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʪʽʣ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ʋ ʪʨʘʜʠʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʚʽʟʫʘʣʽʟʘʮʽʾ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʝʨʝʜʘʚʘʯʝʤ ʪʘ 

ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʟʘʟʚʠʯʘʡ ʚʝʣʠʢʦʶ; ʪʦʤʫ ʤʦʜʝʣʴ 2D-ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʩʧʨʦʱʝʥʘ ʷʢ ʣʽʥʽʡʥʘ 

ʦʙʝʨʥʝʥʘ ʟʘʜʘʯʘ ʚ ʜʘʣʴʥʽʡ ʟʦʥʽ [2]. ʋ ʪʨʠʚʠʤʽʨʥʽʡ ʪʦʤʦʛʨʘʬʽʾ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʝʣʽʥʽʡʥʽ ʦʙʝʨʥʝʥʽ 

ʟʘʚʜʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʪʘʢʦʾ ʷʢ ʜʽʝʣʝʢʪʨʠʯʥʘ ʧʨʦʥʠʢʥʽʩʪʴ ʽ ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʽ, ʫ ʩʚʦʶ 

ʯʝʨʛʫ, ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʇʦʨʽʚʥʷʥʦ ʟ 2D-ʚʽʟʫʘʣʽʟʘʮʽʻʶ, ʪʦʤʦʛʨʘʬʽʷ ʩʢʣʘʜʥʽʰʘ, 

ʦʩʢʽʣʴʢʠ ʝʬʝʢʪ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʣʽʥʽʡʥʦʾ ʧʨʦʙʣʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ [2]. ɺ ʦʩʪʘʥʥʽ 

ʨʦʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ ʤʥʦʞʠʥʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʦʣʷ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [3]. ʊʘʢʦʞ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʢʦʛʝʨʝʥʪʥʫ ʤʦʜʝʣʴ ʚʽʟʫʘʣʽʟʘʮʽʾ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʪʝʦʨʽʾ ʩʧʨʠʡʥʷʪʪʷ ʢʦʤʧʨʝʩʽʾ ʧʨʠ ʪʫʙʝʨʢʫʣʴʦʟʽ ʢʽʩʪʢʠ ʪʘ 

ʦʙʯʠʩʣʝʥʥʽ ʢʦʨʝʣʷʮʽʾ ʬʫʥʢʮʽʾ ɻʨʽʥʘ [4], ʚ ʷʢʽʡ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʦʙôʻʢʪʫ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʘʥʪʝʥʠ ʟ ʤʝʪʘʤʘʪʝʨʽʘʣʫ. ɿ ʨʦʟʚʠʪʢʦʤ ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʦʯʥʽʩʪʴ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʤʦʞʝ 

ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ. 

ʋ ʤʝʨʝʞʘʭ 6G ʧʦʩʣʫʛʫ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʘʨʘʣʝʣʴʥʫ ʟʘʜʘʯʫ ʧʦʩʣʫʛʘʤ ʟʚ'ʷʟʢʫ, 

ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʪʘ ʧʨʠʥʦʩʠʪʠ ʜʦʭʽʜ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʦʩʥʦʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʝʨʝʞʽ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʩʧʨʦʝʢʪʦʚʘʥʘ ʪʘʢ, ʱʦʙ ʣʝʛʢʦ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ ʧʨʦʩʪʦʛʦ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʜʦ 

ʩʫʤʽʱʝʥʥʷ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʟʘʜʦʚʦʣʴʥʷʶʯʠ ʪʘʢʠʤ ʯʠʥʦʤ KPI ʜʣʷ ʦʙʦʭ ʧʦʩʣʫʛ. 

ʈʽʚʝʥʴ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʩʠʩʪʝʤʘʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ [5]: 

ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʚʽ ʩʠʩʪʝʤʠ ʨʦʟʛʣʷʜʘʶʪʴ ʦʜʥʘ ʦʜʥʫ ʷʢ ʜʞʝʨʝʣʘ ʟʘʚʘʜ ʽ ʪʦʤʫ ʥʝ ʦʙʤʽʥʶʶʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʩʦʙʦʶ; ʩʧʽʚʧʨʘʮʽ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʚʽ ʩʠʩʪʝʤʠ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʦʢʨʝʤʦ, ʧʨʦʪʝ ʚʦʥʠ 

ʦʙʤʽʥʶʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʩʦʙʦʶ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʤʽʞʩʠʩʪʝʤʥʠʭ ʟʘʚʘʜ; ʩʧʽʣʴʥʝ/ʽʥʪʝʛʨʦʚʘʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʜʚʽ ʩʠʩʪʝʤʠ ʩʧʨʦʝʢʪʦʚʘʥʽ ʪʘʢ, ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ ʻʜʠʥʫ ʫʥʽʬʽʢʦʚʘʥʫ ʩʠʩʪʝʤʫ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʘʨʥʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʪʦʤʦʛʨʘʬʽʾ 

 

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʟʜʝʙʽʣʴʰʦʛʦ ʟʦʩʝʨʝʜʞʝʥʽ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʧʽʣʴʥʦʾ ʬʦʨʤʠ ʭʚʠʣʽ. ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʟʚ'ʷʟʦʢ ʪʘ 

ʩʢʘʥʫʚʘʥʥʷ ʤʘʶʪʴ ʩʫʧʝʨʝʯʣʠʚʽ KPI. ɿʦʢʨʝʤʘ, ʨʦʟʨʦʙʢʠ ʚ ʛʘʣʫʟʽ ʟʚ'ʷʟʢʫ ʚ ʦʩʥʦʚʥʦʤʫ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʩʧʝʢʪʨʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʪʦʜʽ ʷʢ ʦʧʪʠʤʘʣʴʥʘ ʬʦʨʤʘ ʩʠʛʥʘʣʫ ʜʣʷ ʩʢʘʥʫʚʘʥʥʷ 

ʥʘʮʽʣʝʥʘ ʥʘ ʪʦʯʥʽ ʦʮʽʥʢʠ ʪʘ ʚʠʩʦʢʫ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʣʠ ʧʦʪʨʽʙʥʘ ʣʠʰʝ ʦʮʽʥʢʘ 

ʜʘʣʴʥʦʩʪʽ, ʦʧʪʠʤʘʣʴʥʦʶ ʬʦʨʤʦʶ ʩʠʛʥʘʣʫ ʟʯʠʪʫʚʘʥʥʷ ʻ ʜʝʣʴʪʘ-ʧʦʜʽʙʥʘ ʬʫʥʢʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʾ ʚ ʯʘʩʦʚʽʡ 

ʦʙʣʘʩʪʽ ʧʦʨʷʜ ʟ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʶ ʦʙʨʦʙʢʦʶ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʠʣʴʥʦʛʦ ʰʫʤʫ 

ʘʙʦ ʽʥʪʝʨʬʝʨʝʥʮʽʾ. 

ʍʦʯʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʨʤʠ ʩʠʛʥʘʣʫ ʻ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ISAC, ʘʣʝ ʚʦʥʘ ʥʝ ʦʭʦʧʣʶʻ ʚʩʶ ʢʘʨʪʠʥʫ. 

ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʜʽʡʩʥʶʚʘʪʠ ʦʙ'ʻʜʥʘʥʥʷ ʩʭʝʤ ʩʢʘʥʫʚʘʥʥʷ ʽ ʟʚ'ʷʟʢʫ, ʷʢʝ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʬʦʨʤʠ 

ʩʠʛʥʘʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʫʧʝʨʧʦʟʠʮʽʷ ʩʠʛʥʘʣʽʚ ʨʘʜʘʨʘ ʽ ʟʚ'ʷʟʢʫ ʚ ʦʙʣʘʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʽʣʴʥʠʡ ʤʝʪʦʜ ʚ ʦʙʣʘʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʨʦʩʪʦʨʦʚʦʾ ʦʙʣʘʩʪʽ. ʆʜʥʘʢ ʤʘʡʞʝ ʚʩʷ ʽʩʥʫʶʯʘ 

ʣʽʪʝʨʘʪʫʨʘ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʘʩʧʝʢʪʘʭ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʨʽʚʥʽ ʢʘʥʘʣʽʚ ʪʘ ʥʝ ʚʢʣʶʯʘʻ ʨʦʟʛʣʷʜ 

ʧʨʦʙʣʝʤʠ ʥʘ ʨʽʚʥʽ ʩʠʩʪʝʤʠ. ʊʦʤʫ, ʨʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʤʘʻ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ ʧʦʚʥʘ 

ʽʥʪʝʛʨʘʮʽʷ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʫʻ ʦʯʽʢʫʚʘʥʽ ʧʝʨʝʚʘʛʠ ʪʽʻʾ ʪʘ ʽʥʰʦʾ ʧʦʩʣʫʛʠ.  

ʄʝʨʝʞʽ 6G ʤʘʶʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʯʘʩʪʦʪʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʟ ʰʠʨʰʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ 

(ʥʘʧʨʠʢʣʘʜ, ʥʘ ʪʝʨʘʛʝʨʮʦʚʠʭ ʯʘʩʪʦʪʘʭ), ʘ ʥʘʜʤʘʩʠʚʥʽ ʘʥʪʝʥʥʽ ʨʝʰʽʪʢʠ ʩʪʘʥʫʪʴ ʙʽʣʴʰ ʜʦʩʪʫʧʥʠʤʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʟôʷʚʣʷʻʪʴʩʷ ʫʥʽʢʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʽʣʴʥʠʢʦʚʠʭ ʤʝʨʝʞ ʚʽʜ ʯʠʩʪʦʛʦ 

ʟʚ'ʷʟʢʫ ʜʦ ʢʦʤʙʽʥʦʚʘʥʦʾ ʧʦʩʣʫʛʠ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʨʦʟʨʦʙʢʘ ʤʝʨʝʞʽ 6G ʧʦʚʠʥʥʘ ʧʨʠʨʦʜʥʠʤ 

ʯʠʥʦʤ ʜʽʡʪʠ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʩʥʫʶʯʦʛʦ ʨʽʰʝʥʥʷ, ʚ ʷʢʦʤʫ 

ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ (ʚʢʣʶʯʘʶʯʠ 5G NR, GNSS ʽ ʨʘʜʘʨʥʽ ʩʠʩʪʝʤʠ) ʧʨʘʮʶʶʪʴ ʥʝʟʘʣʝʞʥʦ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 

2. ʂʨʽʤ ʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʚʠʪʢʫ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽ ʜʦʩʷʛʥʝʥʴ 6G (ʚʢʣʶʯʘʶʯʠ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʝʪʘʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʨʝʢʦʥʬʽʛʫʨʫʶʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʘʥʪʝʥ ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ), ʪʘʢʝ ʽʥʪʝʛʨʦʚʘʥʝ 

ʨʽʰʝʥʥʷ ʙʫʜʝ ʱʝ ʙʽʣʴʰ ʚʠʧʨʘʚʜʘʥʠʤ, ʦʩʦʙʣʠʚʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʚʢʘʟʘʥʽ ʪʝʭʥʦʣʦʛʽʾ ʻ ʢʣʶʯʦʚʠʤʠ 

ʨʫʰʽʡʥʠʤʠ ʩʠʣʘʤʠ ʜʣʷ ʦʙʦʭ ʩʠʩʪʝʤ. 

ɼʣʷ ʨʦʟʢʨʠʪʪʷ ʚʝʣʠʯʝʟʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ISAC, ʪʨʝʙʘ ʩʧʦʯʘʪʢʫ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ 

ʪʘʢʽ ʟʘʧʠʪʘʥʥʷ: ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʚ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʨʽʰʝʥʥʽ ʥʘ 

ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ ʪʘ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ; ʦʙʛʨʫʥʪʫʚʘʥʥʷ 

ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜ ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʨʽʰʝʥʥʷ ʜʣʷ ʧʦʩʣʫʛ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ; ʧʝʨʝʚʘʛʠ ʪʘ 

ʥʝʜʦʣʽʢʠ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʽʟ ʚʧʨʦʚʘʜʞʝʥʦʶ ʽʥʪʝʛʨʘʮʽʻʶ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ. 

 

 
ʈʠʩ. 2. ɸʣʛʦʨʠʪʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ 

 

ɺʽʜʧʦʚʽʜʽ ʥʘ ʮʽ ʟʘʧʠʪʘʥʥʷ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʟʥʘʯʠʪʠ ʥʦʚʽ ʧʦʪʝʥʮʽʡʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʨʠʩ. 3 ʤʦʞʥʘ ʜʘʪʠ ʧʨʦʩʪʝ ʧʦʷʩʥʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ. 
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ʈʠʩ. 3. ʄʦʜʝʣʴ ʩʝʛʤʝʥʪʫ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʝʨʝʜʘʚʘʥʥʷ ʜʘʥʠʭ 

 

ʅʘ ʩʭʝʤʽ ʧʦʢʘʟʘʥʠʡ ʨʘʜʽʦʯʘʩʪʦʪʥʝ ʜʞʝʨʝʣʦ S, ʱʦ ʧʝʨʝʜʘʻ ʩʠʛʥʘʣ S(t), ʷʢʠʡ ʧʦʰʠʨʶʻʪʴʩʷ ʯʝʨʝʟ 

ʩʝʨʝʜʦʚʠʱʝ ʟʚ'ʷʟʢʫ ʄ ʽ ʧʨʠʡʤʘʻʪʴʩʷ ʘʙʦ ʦʙʨʦʙʣʷʻʪʴʩʷ ʦʜʥʠʤ ʘʙʦ ʜʝʢʽʣʴʢʦʤʘ ʧʨʠʡʤʘʯʘʤʠ. ʇʨʠ ʦʙʤʽʥʽ 

ʜʘʥʠʤʠ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ S(t) ʩʧʦʯʘʪʢʫ ʦʙʨʦʙʣʷʻʪʴʩʷ ʚ ʜʞʝʨʝʣʽ ʜʣʷ ʚʥʝʩʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʜʘʥʠʭ (ds). 

ʊʝʦʨʝʪʠʯʥʽ ʤʝʞʽ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʦʙʨʝ ʟʨʦʟʫʤʽʣʽ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʨʘʞʝʥʽ ʷʢ ʤʝʞʘ ʐʝʥʦʥʘ 

( ( ); ( ) | ( ))I S t Y t M t , ʜʝ ( )Y t  ʧʦʟʥʘʯʘʻ ʧʨʠʡʥʷʪʠʡ ʩʠʛʥʘʣ ʥʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʤʫ ʧʨʠʡʤʘʯʽ, ʘ ( ; | )I x y z  ï 

ʚʟʘʻʤʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʽʞ ʟʤʽʥʥʠʤʠ x ʪʘ ʫ, ʱʦ ʟʘʜʘʥʘ ʟʤʽʥʥʦʶ z. ʉʧʦʯʘʪʢʫ ʧʝʨʝʜʙʘʯʘʣʦʩʴ, ʱʦ ʮʝ ʟʤʽʥʥʽ ʻ 

ʬʫʥʢʮʽʷʤʠ ʯʘʩʫ (t). ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʦʧʝʨʘʮʽʾ ʩʢʘʥʫʚʘʥʥʷ, ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ ʚʥʦʩʠʪʴ ʟʤʽʥʠ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

ʟʚ'ʷʟʢʫ, ʘ ʥʝ ʜʞʝʨʝʣʦ ʩʠʛʥʘʣʫ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʩʢʘʥʫʚʘʥʥʷ ʷʢ ʦʩʦʙʣʠʚʠʡ ʩʧʦʩʽʙ 

ʟʚ'ʷʟʢʫ, ʚ ʷʢʦʤʫ ʽʥʬʦʨʤʘʮʽʷ (dʄ), ʚʙʫʜʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʝ ʟʚ'ʷʟʢʫ ʪʘ ʧʝʨʝʜʘʻʪʴʩʷ ʜʣʷ ʧʨʠʡʤʘʯʘ (ʧʨʠʡʤʘʯʘʤ) 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʦʚʘʥʠʡ  ʪʨʝʪʽʤ ʧʨʠʩʪʨʦʻʤ. ɺ ʨʝʟʫʣʴʪʘʪʽ, 

ʤʦʞʝʤʦ ʚʠʟʥʘʯʠʪʠ ʦʙʤʝʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ ʷʢ ( ( ); ( ) | ( ))I Y t M t S t  [6].  ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, 

ʢʣʶʯʦʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʛʦ ʟʚ'ʷʟʢʫ ʚʽʜ ʟʜʽʡʩʥʝʥʥʷ ʽʥʪʝʛʨʘʮʽʾ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ʪʘ 

ʜʞʝʨʝʣʘ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʩʠʛʥʘʣʫ. 

ʇʨʠ ʮʴʦʤʫ, ʚʚʘʞʘʻʤʦ, ʱʦ ʩʢʘʥʫʚʘʥʥʷ ʽ ʟʚ'ʷʟʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʷʢ ʟʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʟʚ'ʷʟʢʫ, 

ʚ ʷʢʽʡ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ (dS), ʘʙʦ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ 

ʩʝʨʝʜʦʚʠʱʝ (dM). ɺ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʫʻʤʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʝʨʝʞʽ ISAC, ʜʝ ʚʫʟʣʠ ʤʦʞʫʪʴ 

ʚʠʢʦʥʫʚʘʪʠ ʦʙʠʜʚʽ ʬʫʥʢʮʽʾ ʟ ʥʘʩʪʫʧʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ: ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʦʩʢʽʣʴʢʠ 

ʽʥʪʝʛʨʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ, ʘ ʥʝ ʢʦʥʩʝʨʚʘʪʠʚʥʠʡ ʾʭ ʧʦʜʽʣ 

(ʥʘʧʨʠʢʣʘʜ, FDMA ʪʘ TDMA); ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜ ʤʽʞ ʩʠʛʥʘʣʘʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʚ'ʷʟʢʫ, ʦʩʢʽʣʴʢʠ ʟʨʦʟʫʤʽʣʦ, 

ʱʦ ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʽʥʪʝʛʨʦʚʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʝ ʟʘʧʦʙʽʛʘʥʥʷ ʘʙʦ ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜ ʤʽʞ ʜʚʦʤʘ 

ʩʠʩʪʝʤʘʤʠ, ʢʦʣʠ ʚʦʥʠ ʩʧʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʩʫʨʩʠ ʚ ʯʘʩʦʚʽʡ, ʯʘʩʪʦʪʥʽʡ ʘʙʦ ʧʨʦʩʪʦʨʦʚʽʡ ʦʙʣʘʩʪʽ; 

ʥʘʡʢʨʘʱʘ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ, ʦʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʮʽʷ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ ʟʘ ʜʚʦʤʘ ʥʘʧʨʷʤʢʘʤʠ. 

ʇʝʨʰʠʡ ʥʘʧʨʷʤʦʢ ʧʝʨʝʜʙʘʯʘʻ ʧʽʜʩʪʨʦʶʚʘʥʥʷ ʟʚ'ʷʟʢʫ ʧʽʜ ʩʝʨʝʜʦʚʠʱʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʬʝʢʪʠʚʥʽʰʠʭ ʤʝʪʦʜʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʟʘʚʘʜ ʟʘʚʜʷʢʠ ʦʪʨʠʤʘʥʽʡ ʽʥʬʦʨʤʘʮʽʾ. ɼʨʫʛʠʡ ʥʘʧʨʷʤʦʢ 

ʧʝʨʝʜʙʘʯʘʻ ʙʽʣʴʰ ʛʥʫʯʢʠʡ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʡ ʟʚ'ʷʟʦʢ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʦʪʦʯʥʠʡ ʽ ʤʘʡʙʫʪʥʽʡ ʩʪʘʪʫʩ ʢʘʥʘʣʫ. ʎʝʡ ʧʽʜʭʽʜ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʟʥʘʥʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʤʽʥ ʫ ʥʴʦʤʫ. ɿʥʘʶʯʠ ʬʘʢʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʝʨʝʜʘʚʘʥʥʷ 

ʜʘʥʠʭ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʫ ʧʨʠʯʠʥʫ ʟʤʽʥ ʚ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʢʘʥʘʣʫ, ʙʝʟ ʚʠʢʦʥʘʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʟʘ ʥʝʶ; ʤʝʨʝʞʘ ISAC ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʩʢʘʥʫʚʘʥʥʷ ʟʘ ʟʘʧʠʪʦʤ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʩʢʘʥʫʚʘʥʥʷ 

ʙʽʣʴʰʝ ʥʝ ʻ ʣʠʰʝ ʧʦʩʣʫʛʦʶ, ʱʦ ʢʝʨʫʻʪʴʩʷ ʜʦʜʘʪʢʦʤ, ʘ ʤʦʞʝ ʟʘʧʫʩʢʘʪʠʩʷ ʧʦ ʟʘʧʠʪʫ ʚʽʜ ʽʥʰʦʛʦ ʤʝʨʝʞʥʦʛʦ 

ʚʫʟʣʘ; ʤʝʥʰʘ ʩʧʦʞʠʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ, ʷʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 

ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʩʠʩʪʝʤʘʭ ʨʦʟʩʽʶʻʪʴʩʷ ʥʘ ʘʥʘʣʦʛʦʚʦʤʫ ʽʥʪʝʨʬʝʡʩʽ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜʩʠʣʶʚʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ɸʎʇ/ʎɸʇ), ʪʦʤʫ ʧʦʪʫʞʥʽʩʪʴ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʝ, ʷʢʱʦ ʩʠʩʪʝʤʠ ʭʦʯʘ ʙ ʯʘʩʪʢʦʚʦ 

ʽʥʪʝʛʨʦʚʘʥʽ. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʘʥʘʣʽʟʽ ʩʠʩʪʝʤʠ ISAC ʻ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʞ ʰʚʠʜʢʦʜʽʾ. ʆʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ 

ʚʠʩʥʦʚʢʽʚ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ISAC ʚ ʦʜʥʦʮʽʣʴʦʚʽʡ ʩʠʩʪʝʤʽ ʻ ʪʝ, ʱʦ, ʦʩʢʽʣʴʢʠ ʧʦʚʥʘ ʝʥʝʨʛʽʷ ʩʠʛʥʘʣʫ, 

ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʬʽʢʩʦʚʘʥʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʚʽʜʙʠʪʠʤʠ ʽ ʧʦʛʣʠʥʝʥʠʤʠ ʭʚʠʣʷʤʠ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ISAC ʻ ʜʫʞʝ ʦʙʤʝʞʝʥʠʤ ʧʨʠʢʣʘʜʦʤ ʫ ʪʦʤʫ ʩʝʥʩʽ, ʱʦ ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʣʠʰʝ ʤʦʥʦʩʪʘʪʠʯʥʝ ʩʢʘʥʫʚʘʥʥʷ, ʪʦʙʪʦ ʧʝʨʝʜʘʚʘʯ ʪʘ ʧʨʠʡʤʘʯ ʩʠʛʥʘʣʫ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʪʘʰʦʚʘʥʽ ʨʘʟʦʤ. ɯʥʰʠʤ 

ʜʦʙʨʝ ʚʽʜʦʤʠʤ ʧʨʠʢʣʘʜʦʤ ISAC ʚ ʧʘʨʘʜʠʛʤʽ ʢʦʛʝʨʝʥʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʻ ʧʨʦʮʝʩ çʦʮʽʥʢʠ ʢʘʥʘʣʫè, ʚ ʷʢʦʤʫ ʜʝʷʢʽ 

çʚʽʜʦʤʽè ʩʠʛʥʘʣʠ, ʷʢʽ ʥʘʟʠʚʘʶʪʴ ʦʧʦʨʥʠʤʠ ʩʠʛʥʘʣʘʤʠ ʘʙʦ ʧʽʣʦʪ-ʩʠʛʥʘʣʘʤʠ, ʧʝʨʝʜʘʶʪʴʩʷ ʨʘʟʦʤ ʟ ʩʠʛʥʘʣʦʤ, 

ʱʦ ʥʝʩʝ ʽʥʬʦʨʤʘʮʽʶ, ʽ ʧʨʠʡʤʘʯʽ ʩʠʛʥʘʣʫ ʟʚ'ʷʟʢʫ ʪʘ ʩʠʛʥʘʣʫ ʩʢʘʥʫʚʘʥʥʷ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʩʧʽʣʴʥʠʡ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʘ ʨʘʜʽʦʯʘʩʪʦʪʥʠʡ ʩʠʛʥʘʣ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ, ʚʧʣʠʚʘʶʪʴ ʷʢ 

ʚʠʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʪʘʢ ʽ ʢʘʥʘʣ ʧʦʰʠʨʝʥʥʷ. ʆʜʥʘʢ ʮʝʡ ʧʨʠʢʣʘʜ ʩʠʩʪʝʤʠ ISAC, ʚ ʷʢʦʤʫ ʽʥʬʦʨʤʘʮʽʷ 

ʩʢʘʥʫʚʘʥʥʷ (ʧʨʦ ʢʘʥʘʣ ʧʦʰʠʨʝʥʥʷ) ʥʝ ʤʘʻ ʮʽʥʥʦʩʪʽ ʩʘʤʘ ʧʦ ʩʦʙʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʜʦʧʦʤʦʛʪʠ ʧʨʠʡʤʘʯʫ ʜʝʢʦʜʫʚʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ. ɿʘʛʘʣʦʤ ʫ ʨʘʤʢʘʭ ʩʠʩʪʝʤʠ ISAC ʟʘʜʘʯʘ ʩʢʘʥʫʚʘʥʥʷ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʧʦʩʣʫʛʘ, ʷʢʘ ʥʝ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʟʚ'ʷʟʢʫ. ʅʘʚʽʪʴ ʷʢʱʦ 

ʧʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʤʘʻ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʟʚ'ʷʟʢʫ, ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʚʽʜ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʝ ʚʠʭʦʜʠʪʠ 

ʟʘ ʤʝʞʽ ʚʫʟʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 
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ʋ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ 6G ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʜʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚ'ʷʟʢʫ. ɼʝʷʢʽ ʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʤʘʶʪʴ ʢʣʶʯʦʚʝ ʟʥʘʯʝʥʥʷ 

ʜʣʷ ʩʠʩʪʝʤʠ 6G ʽ ʦʭʦʧʣʶʶʪʴ ʢʽʥʮʝʚʽ ʧʨʠʩʪʨʦʾ ʪʘ ʤʝʨʝʞʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʚʽʜʢʨʠʚʘʶʪʴ ʪʘʢʽ ʧʝʨʩʧʝʢʪʠʚʠ: 

ʰʠʨʰʠʡ ʪʘ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʡ ʩʧʝʢʪʨ ʽʟ ʙʽʣʴʰʦʶ ʩʤʫʛʦʶ ʧʨʦʧʫʩʢʘʥʥʷ; ʫʜʦʩʢʦʥʘʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘʥʪʝʥʠ ʟ 

ʜʫʞʝ ʚʝʣʠʢʠʤʠ ʛʨʘʪʢʘʤʠ ʪʘ ʤʝʪʘʧʦʚʝʨʭʥʝʶ; ʙʽʣʴʰ ʫʟʛʦʜʞʝʥʘ ʨʦʙʦʪʘ ʙʘʟʦʚʠʭ ʩʪʘʥʮʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ; ʧʝʨʝʜʦʚʽ ʤʝʪʦʜʠ ʧʨʠʜʫʰʝʥʥʷ ʟʘʚʘʜ; ʽʥʪʝʛʨʦʚʘʥʘ ʚʜʦʩʢʦʥʘʣʝʥʘ ʦʙʨʦʙʢʘ ʩʠʛʥʘʣʽʚ ʪʘ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ (ʐɯ). 

ʈʦʟʛʣʷʥʝʤʦ ʧ'ʷʪʴ ʧʦʪʝʥʮʽʡʥʠʭ ʨʽʚʥʽʚ ʽʥʪʝʛʨʘʮʽʾ ISAC. ʇʝʨʰʽ ʜʚʘ ʨʽʚʥʽ ʩʪʦʩʫʶʪʴʩʷ ʩʧʽʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʩʪʫʧʥʠʭ ʬʽʟʠʯʥʠʭ ʨʝʩʫʨʩʽʚ (ʚʢʣʶʯʘʶʯʠ ʩʧʝʢʪʨ), ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʘʜʽʦʯʘʩʪʦʪʥʠʭ ʩʭʝʤ. ʅʘ 

ʪʨʝʪʴʦʤʫ ʨʽʚʥʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʮʠʬʨʦʚʦʾ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, 

ʪʘʢʠʭ ʷʢ ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʦʜʫʣʽ ʦʙʨʦʙʢʠ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ. ʇʝʨʝʭʽʜ ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʽʚʝʥʴ ʽʥʪʝʛʨʘʮʽʾ ʤʦʞʝ 

ʚʠʤʘʛʘʪʠ ʨʦʟʨʦʙʢʫ ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʪʦʢʦʣʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʞʨʽʚʥʝʚʦʛʦ, ʤʽʞʤʦʜʫʣʴʥʦʛʦ ʪʘ ʤʽʞʚʫʟʣʦʚʦʛʦ 

ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ. ʅʘʨʝʰʪʽ, ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʡ ʪʘ ʽʜʝʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʩʽʭ ʜʦʩʪʫʧʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʦʭ ʩʣʫʞʙ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʤʝʨʝʞʽ 

6G ʤʦʞʫʪʴ ʩʧʽʚʽʩʥʫʚʘʪʠ ʨʽʟʥʽ ʨʽʚʥʽ ʽʥʪʝʛʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʩʮʝʥʘʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʢʣʶʯʦʚʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʚʠʪʨʘʪ ʥʘ ʨʝʘʣʽʟʘʮʽʶ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʝʢʩʪʨʝʤʘʣʴʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʜʦ ʟʘʪʨʠʤʢʠ ʟʚ'ʷʟʢʫ ʪʘ ʡʤʦʚʽʨʥʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʙʦ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ ʤʦʞʫʪʴ ʟʥʘʜʦʙʠʪʠʩʷ ʚʩʽ 

ʧ'ʷʪʴ ʨʽʚʥʽʚ ʽʥʪʝʛʨʘʮʽʾ. 

ʍʦʯʘ ʮʷ ʙʘʛʘʪʦʨʽʚʥʝʚʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʟʜʘʪʠʩʷ ʧʨʦʩʪʦʶ ʚ ʨʝʘʣʽʟʘʮʽʾ ʯʝʨʝʟ ʦʯʝʚʠʜʥʫ ʩʭʦʞʽʩʪʴ ʤʽʞ 

ʧʦʩʣʫʛʘʤʠ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʘʣʝ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʾ ʽʥʪʝʛʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ: ʨʽʟʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʫʟʣʽʚ, ʦʩʢʽʣʴʢʠ ʧʦʨʽʚʥʷʥʦ ʟ 5G ʫ ʙʝʟʜʨʦʪʦʚʠʭ ʤʝʨʝʞʘʭ 6G ʙʫʜʝ ʱʝ 

ʙʽʣʴʰʝ ʙʝʟʜʨʦʪʦʚʠʭ ʚʫʟʣʽʚ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʥʘʙʦʨʦʤ ʤʦʞʣʠʚʦʩʪʝʡ ʫ ʧʣʘʥʽ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ, ʧʘʤ'ʷʪʽ, ʩʤʫʛʠ 

ʧʨʦʧʫʩʢʘʥʥʷ ʪʘ ʨʘʜʽʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʫ. ʎʝ ʫʩʢʣʘʜʥʠʪʴ ʽʥʪʝʛʨʘʮʽʶ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʚʠʯʘʡʥʠʤ ʟʚ'ʷʟʢʦʤ, ʦʩʢʽʣʴʢʠ 

ʧʘʨʘʤʝʪʨʠ ʚʫʟʣʘ ʤʘʶʪʴ ʟʥʘʯʥʦ ʙʽʣʴʰʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ; ʥʘʧʽʚʜʫʧʣʝʢʩʥʽ ʚʫʟʣʠ, 

ʦʩʢʽʣʴʢʠ ʧʦʚʥʦʜʫʧʣʝʢʩʥʽ ʧʨʠʡʤʘʯʽ ʚʞʝ ʧʨʦʪʦʪʠʧʦʚʘʥʽ ʚ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ ʟ ʧʨʠʡʥʷʪʥʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ, 

ʷʢ ʦʯʽʢʫʻʪʴʩʷ, ʙʫʜʫʪʴ ʢʦʤʝʨʮʽʘʣʽʟʦʚʘʥʽ ʚ ʥʘʡʙʣʠʞʯʦʤʫ ʤʘʡʙʫʪʥʴʦʤʫ, ʘʣʝ ʱʝ ʜʦʚʝʜʝʪʴʩʷ ʧʨʦʡʪʠ ʜʦʚʛʠʡ 

ʰʣʷʭ, ʧʝʨʰ ʥʽʞ ʚ ʤʝʨʝʞʘʭ ʙʫʜʫʪʴ ʧʨʠʩʫʪʥʽ ʪʽʣʴʢʠ ʧʦʚʥʦʜʫʧʣʝʢʩʥʽ ʚʫʟʣʠ. ʆʩʢʽʣʴʢʠ ʚ ʤʘʡʙʫʪʥʽʭ ʤʝʨʝʞʘʭ 

ʟʘʣʠʰʠʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʥʘʧʽʚʜʫʧʣʝʢʩʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʪʦʤʫ ʥʘʧʽʚʜʫʧʣʝʢʩʥʽ ʚʫʟʣʠ ʫʩʢʣʘʜʥʶʶʪʴ 

ʩʢʘʥʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʤʦʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʢʦʣʠ ʧʝʨʝʜʘʚʘʯʽ ʪʘ ʧʨʠʡʤʘʯʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʫʯ; ʦʙʤʝʞʝʥʝ 

ʧʦʢʨʠʪʪʷ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ ʻ ʦʜʥʦʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʩʢʘʥʫʚʘʥʥʷ ʚ ʤʝʨʝʞʘʭ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʜʘʣʴʥʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʷʢ ʢʦʨʽʥʴ ʯʝʪʚʝʨʪʦʛʦ ʩʪʫʧʝʥʷ ʟ ʧʦʪʫʞʥʦʩʪʽ ʧʝʨʝʜʘʯʽ, ʘ ʥʝ ʜʨʫʛʠʡ, ʷʢ ʫ 

ʚʠʧʘʜʢʫ ʟʚ'ʷʟʢʫ. 

ʅʘʩʪʫʧʥʽ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ ʥʘʙʣʠʟʷʪʴ ʥʘʩ ʜʦ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ: 

ʘʥʘʣʽʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʝʨʝʞ ISAC ʘ ʥʘʷʚʥʽ ʚʠʩʥʦʚʢʠ ʧʨʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʝʞʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ ʜʣʷ ʧʨʦʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʙʘʞʘʥʦ ʧʦʰʠʨʠʪʠ ʥʘ ʙʽʣʴʰ ʟʘʛʘʣʴʥʽ ʚʘʨʽʘʥʪʠ 

ʙʘʛʘʪʦʚʫʟʣʦʚʠʭ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʤʝʨʝʞ ʟ ʤʫʣʴʪʠʩʪʘʪʠʯʥʠʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʟʥʘʡʪʠ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʘʢʽ ʧʠʪʘʥʥʷ: 

(1) ʷʢʠʡ ʥʘʡʢʨʘʱʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʢʘʥʘʣʫ 

ʟʚ'ʷʟʢʫ; (2) ʷʢ ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʩʭʝʤʠ, ʱʦ ʥʘʙʣʠʞʘʶʪʴ ʜʦ ʪʘʢʦʛʦ ʢʦʤʧʨʦʤʽʩʫ, ʥʘʧʨʠʢʣʘʜ ʬʦʨʤʠ 

ʩʠʛʥʘʣʽʚ, ʪʘʙʣʠʮʽ ʢʦʜʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʦʪʦʢʦʣʠ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʚ [7], ʜʝ ʦʙ'ʻʢʪʠ ʩʢʘʥʫʚʘʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʚʽʨʪʫʘʣʴʥʽ ʧʨʠʡʤʘʯʽ ʝʥʝʨʛʽʾ, ʘ ʧʦʪʽʤ ISAC ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ 

ʟʘʚʜʘʥʥʷ ʨʦʟʧʦʜʽʣʫ ʨʝʩʫʨʩʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʝʥʝʨʛʽʾ ʙʝʟʜʨʦʪʦʚʠʤ ʢʘʥʘʣʦʤ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʪʝʦʨʽʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʩʢʘʥʦʚʘʥʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʻ ʨʘʜʽʦʨʝʣʝʡʥʽ ʩʪʘʥʮʽʾ, ʷʢʽ ʧʨʠʡʤʘʶʪʴ ʩʢʘʥʫʶʯʠʡ ʩʠʛʥʘʣ ʧʝʚʥʦʾ ʬʦʨʤʠ ʽ 

ʧʝʨʝʩʠʣʘʶʪʴ ʡʦʛʦ ʥʘʟʘʜ ʧʝʨʝʜʘʚʘʯʫ ʟʽ ʩʚʦʻʶ ʚʣʘʩʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʘʨʘʤʝʪʨʠ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ 

ʚʙʫʜʦʚʫʶʪʴʩʷ ʚ ʭʚʠʣʶ ʚʽʜʣʫʥʥʷ. ʅʝʦʙʭʽʜʥʽ ʜʦʜʘʪʢʦʚʽ ʧʽʜʭʦʜʠ ʪʘ ʽʜʝʾ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʛʘʨʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʝʞʽ ʤʦʞʣʠʚʦʩʪʝʡ ʤʝʨʝʞ ISAC ʫ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʷʭ; ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʘ ʧʨʦʙʣʝʤʘ, ʷʢʫ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ, 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʷʢ ʮʷ ʽʥʪʝʛʨʘʮʽʷ ʚʧʣʠʚʘʻ ʥʘ ʢʦʥʩʪʨʫʢʮʽʶ ʤʝʨʝʞʽ ʨʘʜʽʦʜʦʩʪʫʧʫ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ʌʽʟʠʯʥʦ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʥʘʜʦʙʠʪʴʩʷ ʪʘʢʝ: ʘʨʭʽʪʝʢʪʫʨʘ ʤʝʨʝʞʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʛʥʫʯʢʝ ʽ ʧʨʦʜʫʢʪʠʚʥʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʤʽʞ 

ʩʠʛʥʘʣʘʤʠ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʥʬʽʛʫʨʘʮʽʷʤʠ, ʪʠʤ ʩʘʤʠʤ ʛʘʨʘʥʪʫʶʯʠ, ʱʦ ʨʦʙʦʯʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʥʝ ʙʫʜʫʪʴ ʧʦʛʽʨʰʝʥʽ; ʟʘʛʘʣʴʥʦʩʠʩʪʝʤʥʽ ʨʽʰʝʥʥʷ ʜʣʷ ʩʧʽʣʴʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʢʘʥʫʶʯʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʚʫʟʣʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʝʨʝʞʥʽ ʚʫʟʣʠ ʪʘ ʧʨʠʩʪʨʦʾ ʢʦʨʠʩʪʫʚʘʯʘ; 

ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʜʘʯʽ ʩʠʛʥʘʣʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʤʝʨʝʞʝʚʠʤʠ ʦʙ'ʻʢʪʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ; ʟʚ'ʷʟʦʢ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʩʢʘʥʫʚʘʥʥʷ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ ʦʢʨʝʤʘ ʧʦʩʣʫʛʘ, ʚʩʝ ʞ ʪʘʢʠ ʢʦʨʠʩʥʦ ʜʦʩʣʽʜʠʪʠ, ʷʢ 

ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʟʚ'ʷʟʢʫ. ʅʘʡʙʽʣʴʰ ʪʨʠʚʽʘʣʴʥʦʶ 

ʧʝʨʝʚʘʛʦʶ ʩʢʘʥʫʚʘʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʨʛʘʥʽʟʫʚʘʪʠ 

ʟʚ'ʷʟʦʢ ʧʦ ʙʽʣʴʰ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʽ ʧʝʨʝʜʙʘʯʫʚʘʥʠʭ ʢʘʥʘʣʘʭ ʟʘʚʜʷʢʠ ʟʥʘʥʥʷʤ ʧʨʦ ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ. 

ʇʨʠʢʣʘʜʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʣʫʛʠ ʟʚ'ʷʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4, ʷʢʠʡ ʜʝʤʦʥʩʪʨʫʻ, ʷʢ 

ʟʥʘʥʥʷ ʧʨʦ ʜʦʚʢʽʣʣʷ, ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ, ʤʦʞʫʪʴ ʧʦʢʨʘʱʠʪʠ ʟʚ'ʷʟʦʢ. ʇʝʨʰʠʡ ʧʨʠʢʣʘʜ 

ʚʽʜʦʙʨʘʞʘʻ, ʷʢ ʟʥʘʥʥʷ ʧʨʦ ʜʦʚʢʽʣʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʚ ʥʘʧʨʷʤʢʫ 

ʢ̔ ʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ (ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʤʝʥʶ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ), ʘ ʜʨʫʛʠʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ, ʷʢ ʮʽ 

ʟʥʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʩʽʭ ʧʦʪʝʥʮʽʡʥʠʭ ʩʪʫʧʝʥʽʚ ʩʚʦʙʦʜʠ ʚ ʢʘʥʘʣʽ ʧʦʰʠʨʝʥʥʷ 

(ʧʽʜʚʠʱʝʥʥʷ ʨʘʥʛʫ ʢʘʥʘʣʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʝʨʝʜʦʚʠʱʘ). ʆʩʪʘʥʥʽʡ ʧʨʠʢʣʘʜ ʧʦʢʘʟʫʻ, ʷʢ ʧʦʽʥʬʦʨʤʦʚʘʥʽʩʪʴ ʧʨʦ 

ʩʝʨʝʜʦʚʠʱʝ ʧʦʰʠʨʝʥʥʷ ʜʦʧʦʤʘʛʘʻ ʟʤʝʥʰʠʪʠ ʘʙʦ ʧʦʤ'ʷʢʰʠʪʠ ʚʟʘʻʤʥʽ ʟʘʚʘʜʠ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 
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ʉʪʫʧʽʥʴ, ʚ ʷʢʽʡ ʧʨʦʮʝʩ ʩʢʘʥʫʚʘʥʥʷ ʧʨʠʥʦʩʠʪʴ ʢʦʨʠʩʪʴ ʩʠʩʪʝʤʽ ʚ ʨʝʞʠʤʽ ʟʚ'ʷʟʢʫ, ʥʝ ʧʦʚʠʥʝʥ ʦʙʤʝʞʫʚʘʪʠʩʷ 

ʧʦʢʨʘʱʝʥʥʷʤ ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʟʘʚʘʜ. ʆʢʨʝʤʠʡ ʮʽʢʘʚʠʡ ʥʘʧʨʷʤʦʢ ʜʦʩʣʽʜʞʝʥʴ 

ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʨʠʩʚʷʪʠʪʠ ʨʦʟʰʠʨʝʥʥʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʦʭʦʧʣʝʥʥʷ ʟʚ'ʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʠʭ ʩʢʘʥʫʚʘʥʥʷ 

ʪʘ ʚʠʚʯʝʥʥʷ ʪʦʛʦ, ʷʢ ʬʫʥʢʮʽʾ, ʷʢʽ ʟʘʟʚʠʯʘʡ ʨʝʘʣʽʟʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʟʚ'ʷʟʢʫ, ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠʩʷ ʧʽʜʤʦʜʫʣʝʤ 

ʩʢʘʥʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪ ʩʧʨʠʯʠʥʠʪʴ ʚʝʣʠʯʝʟʥʫ ʝʢʦʥʦʤʽʶ ʷʢ ʟ ʧʦʛʣʷʜʫ ʥʘʢʣʘʜʥʠʭ ʚʠʪʨʘʪ, ʽ ʟ ʧʦʛʣʷʜʫ ʟʘʪʨʠʤʢʠ; 

ʽʥʰʠʡ ʧʦʛʣʷʜ ʥʘ ʧʘʨʘʜʠʛʤʫ ʢʦʥʩʪʨʫʢʮʽʾ ISAC ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʟʚ'ʷʟʢʫ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ. ʗʢ ʛʦʚʦʨʠʣʦʩʷ ʨʘʥʽʰʝ, ʟʚ'ʷʟʦʢ ʽ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʟʘʛʘʣʴʥʫ 

ʧʣʘʪʬʦʨʤʫ, ʚ ʷʢʽʡ ʥʘ ʨʘʜʽʦʩʠʛʥʘʣ ʚʽʜ ʜʞʝʨʝʣʘ ʚ ʽʥʰʦʤʫ ʤʽʩʮʽ ʥʘʢʣʘʜʘʶʪʴʩʷ ʜʘʥʽ ʧʨʦ ʩʝʨʝʜʦʚʠʱʝ, ʘ ʧʦʪʽʤ ʚʽʥ 

ʧʨʠʡʤʘʻʪʴʩʷ ʪʨʝʪʴʦʶ ʩʪʦʨʦʥʦʶ. ʇʨʠ ʪʘʢʦʤʫ ʧʽʜʭʦʜʽ ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʙʤʝʞʫʚʘʪʠʩʷ ʩʧʽʣʴʥʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʜʞʝʨʝʣ ʜʘʥʠʭ ʽ ʨʘʜʽʦʩʠʛʥʘʣʫ, ʱʦ ʙʫʜʝ ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʠʤ ʚ ʩʮʝʥʘʨʽʷʭ, ʜʝ ʜʣʷ ʟʙʦʨʫ ʜʘʥʠʭ 

ʨʦʟʛʦʨʪʘʶʪʴʩʷ ʧʨʠʩʪʨʦʾ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʦʙʨʦʙʢʠ (ʙʽʣʴʰʽʩʪʴ ʧʨʠʩʪʨʦʾʚ IoT ʫ ʤʘʡʙʫʪʥʽʭ 

ʩʠʩʪʝʤʘʭ). ɿʘʤʽʩʪʴ ʧʝʨʝʜʘʯʽ ʟʽʙʨʘʥʠʭ ʜʘʥʠʭ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ ʤʘʥʽʧʫʣʶʚʘʪʠ ʨʘʜʽʦʯʘʩʪʦʪʥʠʤ ʩʠʛʥʘʣʦʤ, ʱʦ 

ʧʝʨʝʜʘʻʪʴʩʷ ʽʥʰʠʤ ʜʞʝʨʝʣʦʤ ʨʘʜʽʦʯʘʩʪʦʪʥʦʾ ʦʙʣʘʩʪʽ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʦʩʥʦʚʥʦʾ ʩʤʫʛʠ ʯʘʩʪʦʪ), ʜʣʷ ʝʢʦʥʦʤʽʾ 

ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ. ʎʝʡ ʪʠʧ ʟʚ'ʷʟʢʫ, ʧʦʻʜʥʘʥʠʡ ʽʟ ʬʫʥʢʮʽʻʶ ʩʢʘʥʫʚʘʥʥʷ, ʥʘʟʠʚʘʻʪʴʩʷ ʟʚ'ʷʟʢʦʤ ʽʟ 

ʟʚʦʨʦʪʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ [8]. ɯʥʰʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʟʚ'ʷʟʦʢ ʧʽʜ ʚʧʣʠʚʦʤ ʩʝʨʝʜʦʚʠʱʘ [1], ʢʦʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʭʦʜʞʝʥʥʷ ʩʠʛʥʘʣʫ ʥʘʚʤʠʩʥʦ ʟʤʽʥʶʶʪʴʩʷ ʜʣʷ ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ; ʩʢʘʥʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʚ'ʷʟʢʫ, ʦʩʢʽʣʴʢʠ ʧʣʘʪʬʦʨʤʘ ʟʚ'ʷʟʢʫ ʜʦʟʚʦʣʷʻ ʥʘʤ ʜʦʩʷʛʘʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ 

ʩʢʘʥʫʚʘʥʥʷ, ʟ'ʻʜʥʫʶʯʠ ʩʢʘʥʫʶʯʽ ʚʫʟʣʠ ʤʽʞ ʩʦʙʦʶ. ʋ ʤʝʨʝʞʽ ʧʽʜʢʣʶʯʝʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʦ ʩʢʘʥʫʚʘʥʥʷ ʥʘ ʟʘʧʠʪ, ʪʦʙʪʦ ʩʢʘʥʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʦ ʥʘ ʦʩʥʦʚʽ ʟʘʧʠʪʫ ʽʥʰʦʛʦ ʚʫʟʣʘ ʘʙʦ 

ʜʝʣʝʛʦʚʘʥʦ ʽʥʰʦʤʫ ʚʫʟʣʫ. ʂʨʽʤ ʪʦʛʦ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʧʽʜʪʨʠʤʢʫ ʟʚ'ʷʟʢʫ, ʤʦʞʥʘ ʦʨʛʘʥʽʟʫʚʘʪʠ ʩʧʽʣʴʥʝ 

ʩʢʘʥʫʚʘʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʢʽʣʴʢʘ ʚʫʟʣʽʚ ʩʢʘʥʫʚʘʥʥʷ ʦʪʨʠʤʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʦʚʢʽʣʣʷ. ɺʩʽ ʮʽ ʨʦʟʰʠʨʝʥʽ 

ʬʫʥʢʮʽʾ ʚʠʤʘʛʘʶʪʴ ʨʝʪʝʣʴʥʦ ʩʧʨʦʝʢʪʦʚʘʥʦʾ RAN, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʩʢʘʥʫʶʯʠʤʠ ʚʫʟʣʘʤʠ 

ʢʘʥʘʣʘʤʠ DL, UL ʽ SL ʟ ʚʠʤʦʛʦʶ ʥʘ ʤʽʥʽʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʪʘ ʤʘʢʩʠʤʘʣʴʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʢʘʥʫʚʘʥʥʷ, ʱʦ ʻ 

ʮʽʢʘʚʦʶ ʪʝʤʦʶ ʜʦʩʣʽʜʞʝʥʥʷ; ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʥʥʷ: ʘʢʪʠʚʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʘʙʦ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʣʦʢʘʣʽʟʘʮʽʶ ʦʙʣʘʜʥʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʘʯʽ ʘʙʦ ʧʨʠʡʦʤʫ 

ʩʠʛʥʘʣʽʚ ʜʦ ʥʴʦʛʦ ʘʙʦ ʚʽʜ ʥʴʦʛʦ. ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʮʴʦʛʦ ʨʝʞʠʤʫ ʻ ʧʨʦʩʪʦʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʍʦʯʘ ʪʦʯʥʝ 

ʟʥʘʥʥʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʫʞʝ ʮʽʥʫʻʪʴʩʷ, ʡʦʛʦ ʚʘʞʢʦ ʦʪʨʠʤʘʪʠ ʯʝʨʝʟ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ, ʚʢʣʶʯʘʶʯʠ 

ʙʘʛʘʪʦʧʨʦʤʝʥʝʚʝ ʧʦʰʠʨʝʥʥʷ, ʥʝʜʦʩʢʦʥʘʣʫ ʩʠʥʭʨʦʥʽʟʘʮʽʶ ʯʘʩʫ/ʯʘʩʪʦʪʠ, ʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʙʽʨʢʠ/ʦʙʨʦʙʢʠ ʥʘ ʩʪʦʨʦʥʽ ʢʦʨʠʩʪʫʚʘʯʘ ʽ ʦʙʤʝʞʝʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ ʢʽʥʮʝʚʦʛʦ ʧʨʠʩʪʨʦʶ [2]. 

 

 
ʈʠʩ. 4. ʉʭʝʤʘ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʞʠʤʫ ʟʚ'ʷʟʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʫ ʩʢʘʥʫʚʘʥʥʷ 

 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʘʩʠʚʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʚʢʣʶʯʘʻ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ ʘʢʪʠʚʥʠʭ 

ʘʙʦ ʧʘʩʠʚʥʠʭ ʦʙ'ʻʢʪʽʚ ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚʽʜʣʫʥʥʷ ʧʝʨʝʜʘʥʦʛʦ ʩʠʛʥʘʣʫ ʚ ʦʜʥʦʤʫ ʘʙʦ ʜʝʢʽʣʴʢʦʭ 

ʤʽʩʮʷʭ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʢʪʠʚʥʦʶ ʣʦʢʘʣʽʟʘʮʽʻʶ ʧʘʩʠʚʥʘ ʣʦʢʘʣʽʟʘʮʽʷ ʯʝʨʝʟ ʩʢʘʥʫʚʘʥʥʷ ʤʘʻ ʪʘʢʽ ʷʚʥʽ ʧʝʨʝʚʘʛʠ: 

ʚʦʥʘ ʜʦʧʦʤʘʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʢʘʥʘʣʽʚ LOS ʪʘ ʟʤʝʥʰʝʥʥʽ ʟʘʣʠʰʢʦʚʦʛʦ ʟʤʽʱʝʥʥʷ NLOS; ʥʘ ʥʝʾ ʟʥʘʯʥʦ ʤʝʥʰʝ 

ʚʧʣʠʚʘʶʪʴ ʧʦʤʠʣʢʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʤʽʞ ʧʨʠʩʪʨʦʻʤ ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʤʝʨʝʞʝʶ; ʚʦʥʘ ʤʦʞʝ ʧʦʢʨʘʱʠʪʠ ʨʦʟʜʽʣʴʥʫ 

ʟʜʘʪʥʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʩʤʫʛʘ ʧʨʦʧʫʩʢʘʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʦʙʤʝʞʝʥʘ ʮʽʣʴʦʚʠʤ 

ʧʨʠʩʪʨʦʻʤ ʢʦʨʠʩʪʫʚʘʯʘ [3]. 

ɿʚʘʞʘʶʯʠ ʥʘ ʮʽ ʤʦʤʝʥʪʠ, ʧʦʪʝʥʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʟʦʩʝʨʝʜʠʪʠ ʥʘ ʪʦʤʫ, ʷʢ ʧʘʩʠʚʥʘ ʣʦʢʘʣʽʟʘʮʽʷ 

ʰʣʷʭʦʤ ʩʢʘʥʫʚʘʥʥʷ ʫʩʫʚʘʻ ʥʝʜʦʣʽʢʠ ʘʢʪʠʚʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. ʑʦʜʦ ʧʘʩʠʚʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ, ʚʘʨʪʦ ʟʛʘʜʘʪʠ 

ʧʨʦʙʣʝʤʫ ʟʽʩʪʘʚʣʝʥʥʷ (matching problem). ɺʦʥʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʪʠʤ, ʱʦ ʦʪʨʠʤʘʥʽ ʩʠʛʥʘʣʠ ʚʽʜʣʫʥʥʷ ʥʝ ʤʘʶʪʴ 

ʫʥʽʢʘʣʴʥʦʾ ʩʠʛʥʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʟʥʘʯʥʦ ʟʽʩʪʘʚʠʪʠ ʾʭ ʟ ʦʙ'ʻʢʪʘʤʠ (ʽ ʾʭ ʩʭʦʚʘʥʠʤʠ ʟʤʽʥʥʠʤʠ 

ʨʦʟʪʘʰʫʚʘʥʥʷ), ʚʽʜ ʷʢʠʭ ʚʦʥʠ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ. ʎʝ ʧʦʚʥʽʩʪʶ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʣʦʢʘʣʽʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʢʪʠʚʥʠʭ ʩʠʛʥʘʣʽʚ ʘʙʦ ʤʘʷʢʽʚ, ʢʦʣʠ ʩʠʛʥʘʪʫʨʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʷʢʫ ʘʙʦ ʦʨʽʻʥʪʠʨʫ ʦʜʥʦʟʥʘʯʥʦ ʽʜʝʥʪʠʬʽʢʫʻ 
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ʧʦʚ'ʷʟʘʥʽ ʟ ʥʠʤʠ ʦʙ'ʻʢʪʠ. ʊʦʤʫ ʧʦʪʨʽʙʥʽ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦʙ ʧʦʚ'ʷʟʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟ ʤʽʩʮʝʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʱʦ ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʠʪʴ ʪʦʯʥʽʩʪʴ ʽ ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʘʢʪʠʚʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ. 

 

ɺʠʩʥʦʚʢʠ 

ʈʦʟʛʣʷʥʫʪʦ ʩʧʦʩʦʙʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘ ʨʘʭʫʥʦʢ 

ʩʧʽʣʴʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʚôʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ ʽʟ ʥʘʡʢʨʘʱʠʤ ʢʦʤʧʨʦʤʽʩʦʤ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʧʨʦʧʫʩʢʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʘʥʘʣʫ ʧʝʨʝʜʘʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʥʪʝʛʨʘʮʽʾ ʟʘʩʦʙʽʚ ʟʚ'ʷʟʢʫ ʪʘ ʩʢʘʥʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ: ʘʥʘʣʽʟ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʤʝʨʝʞ ISAC ʪʘ ʚʠʩʥʦʚʢʠ ʧʨʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʝʞʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʦʪʨʠʤʘʥʽ 

ʜʣʷ ʧʨʦʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʥʘʡʢʨʘʱʠʡ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʢʘʥʫʚʘʥʥʷ ʪʘ 

ʧʨʦʧʫʩʢʥʦʶ ʩʧʨʦʤʦʞʥʽʩʪʶ ʢʘʥʘʣʫ ʟʚ'ʷʟʢʫ, ʟʘʙʝʟʧʝʯʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ ʧʨʘʢʪʠʯʥʽ ʩʭʝʤʠ, ʱʦ 

ʥʘʙʣʠʞʘʶʪʴ ʜʦ ʢʦʤʧʨʦʤʽʩʫ ʬʦʨʤʠ ʩʠʛʥʘʣʽʚ, ʪʘʙʣʠʮʽ ʢʦʜʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʨʦʪʦʢʦʣʽʚ. 
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ʄɽʊʆɼ ʃʆʂɸʃʔʅʆɻʆ ɺɯɼʅʆɺʃɽʅʅʗ ʉɽɻʄɽʅʊɯɺ ɯʅʌʆʈʄɸʎɯʁʅʀʍ 

ʉʀɻʅɸʃɯɺ 
 
ˏ ̨̑̏̂̏̓ ̈́̐̑̏̐̏̎̏̃́̎́ ̝̍̏̅̆̌ ̝̌̏̋́̌̎̏̄̏ ̨̠̃̅̎̏̃̌̆̎̎ ̘̖́̒̏̃̉ ̨̒̆̄̍̆̎̓̃ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̨̒̉̄̎́̌̃ ̓́ 

̒̉̎̓̆̈̏̃́̎̉̊ ̎́ ̩̩ ̨̏̒̎̏̃ ̨̐̏̒̌̅̏̃̎̉̊ ́̌̄̏̑̉̓̍ ̨̅̊Ȣ ˚́ ̨̏̒̎̏̃ ̨́̎́̌̈̔ ̨̗̝̖̔̎̋̏̎́̌̎̉̕ ̈́̌̆̇̎̏̒̓̆̊ ̃̆̊̃̌̆̓-
̨̨̨̗̤̋̏̆̎̓̃̕ ̈́ ̨̠̑̃̎̍̉ ̃̆̊̃̌̆̓-̨̗̩̅̆̋̏̍̐̏̈̉ ̐̑̆̅̒̓́̃̉̆̎̏ ̨̍̏̅̉̋̏̃́̎̔̕ ̖̒̆̍̔ ̨̗̩̑̆̋̏̎̒̓̑̔̋ ̓́ ̑̏̈̑̏̂̌̆̎̏ 
̝̍̏̅̆̌ȟ ̎́ ̨̏̒̎̏̃ ̠̩̋̏ ̑̏̈̑̏̂̌̆̎̏ ̍̆̓̏̅ ̝̌̏̋́̌̎̏̄̏ ɉ̒̆̄̍̆̎̓̎̏̄̏Ɋ ̨̠̃̅̎̏̃̌̆̎̎ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̨̒̉̄̎́̌̃ ̈́ ̨̠̑̃̎̍̉ 
̃̆̊̃̌̆̓-̨̗̩̅̆̋̏̍̐̏̈̉Ȣ ̝̅̆̓́̌̎̏ ̒̉̎̓̆̈̏̃́̎̏ ̎́ ̨̐̑̉̋̌́̅ ̨̄̑́̋́̕ ̘̆̌̆̋̓̑̉̎̏̄̏ ̠̎́̃́̎̓́̇̆̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̄̑́̋̕ ̘̆̌̆̋̓̑̉̎̏̄̏ ̠̎́̃́̎̓́̇̆̎̎ȟ ̆̎̆̑̄̏̒̉̒̓̆̍́ȟ ̃̆̊̃̌̆̓-̠̐̆̑̆̓̃̏̑̆̎̎ȟ ̝̌̏̋́̌̎̆ 
̨̠̃̅̎̏̃̌̆̎̎ȟ ̃̆̊̃̌̆̓-̨̗̠̅̆̋̏̍̐̏̈̉Ȣ 

 
VOLOSHKO ANATOLY, DZHERIA TETIANA 

National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" 
 

METHOD OF LOCAL REST ORATION OF SEGMENTS OF INFORMATION SIGNA LS 
 

The use of centralized and decentralized electricity supply schemes, the introduction of feedback between the consumer of 
electricity and its producer led to a rapid increase in information flows at all stages of the functioning of the electricity industry of Ukraine, 
starting with the production of electricity and before its consumption. This necessitates the processing, storage and transmission of large 
data sets. On the other hand, the time constraints imposed on information processing and decision-making efficiency, as well as the limited 
bandwidth of communication networks require effective optimization of information flows in terms of their compression and compact 
storage, transmission and recovery without loss. At the same time, the determining quantitative and qualitative information parameters are 
electricity consumption modes and the quality of electric energy, and the main mode parameter for solving many problems of planning, 
management and carrying out commercial calculations is the graphs of electric load. Based on the analysis of the functional relationships of 
wavelet coefficients according to the levels of wavelet decomposition, the robot presents a modified reconstruction scheme and developed a 
model based on which a method of local (segmental) restoration of information signals according to the levels of wavelet detail is 
synthesized using the example of the electric load graph. 

In the paper, a model of local recovery of time segments of information signals is proposed and a sequential algorithm of actions 
synthesized on its basis. This technique allows for effective segmentation of information signals, reduces the duration of mathematical 
processing, simplifies database analysis, increases the effectiveness of controlling the reliability of initial data recovery by reserving recovery 
paths with subsequent comparison of results. 

Keywords:  graph of electric load, power system, wavelet transformation, local recovery, wavelet decomposition. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɼʣʷ  ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ (ʢʦʥʪʨʦʣʴ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ  

ʚ ɽʥʝʨʛʦʩʠʩʪʝʤʽ, ʧʣʘʥʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʽʥʰʝ) ʟʘʟʚʠʯʘʡ  ʥʝʤʘʻ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʦʜʠʪʠ 

ʘʥʘʣʽʟ ʚʩʽʻʾ ʩʫʢʫʧʥʦʩʪʽ ʯʘʩʦʚʦʛʦ ʨʷʜʫ (ʫ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ɻɽʅ) ʽ çʜʽʩʪʘʚʘʪʠè ʡʦʛʦ ʽʟ ʙʘʟʠ ʜʘʥʠʭ ï ʜʣʷ ʘʥʘʣʽʟʫ 

ʧʦʪʨʽʙʥʘ ʪʽʣʴʢʠ ʜʝʷʢʘ ʡʦʛʦ ʣʦʢʘʣʴʥʘ ʯʘʩʪʠʥʘ (ʩʝʛʤʝʥʪ). 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 
ʗʢ ʚʽʜʦʤʦ, ʟʚʠʯʘʡʥʝ ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʄʘʣʣʘ ʧʨʠʧʫʩʢʘʻ ʚʽʜʢʠʜʘʥʥʷ 

ʯʘʩʪʠʥʠ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʛʥʘʣʫ ʥʘ ʢʦʞʥʦʤʫ ʢʨʦʮʽ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ. ɺ [1] ʧʦʢʘʟʘʥʦ, ʱʦ ʮʝ 

ʤʦʞʝ ʚʥʦʩʠʪʠ ʜʦʩʠʪʴ ʩʫʪʪʻʚʽ ʧʦʭʠʙʢʠ ʫ ʚʠʧʘʜʢʫ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʧʨʠ ʦʙʨʦʙʮʽ ʯʘʩʦʚʠʭ ʨʷʜʽʚ ʟʘʛʘʣʦʤ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʦʢʨʝʤʘ, ʟʘʡʤʘʻ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʦʙʨʦʙʢʠ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʧʫʱʝʥʠʭ ʟʥʘʯʝʥʴ. ʏʘʩʪʽʰʝ ʟʘ ʚʩʝ ʚʦʥʘ ʚʠʥʠʢʘʻ ʫ ʚʠʧʘʜʢʫ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʟʘʣʝʞʥʦʩʪʝʡ, ʘʧʨʽʦʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʠʭ ʻ ʥʝʧʦʚʥʦʶ, ʱʦ ʯʠʥʠʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʐʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ɸʉʂʆɽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʜʝʨʞʘʥʠʭ ʜʘʥʠʭ ʜʣʷ ʮʽʣʝʡ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʦʙʣʽʢʫ, ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ ʧʨʝʜôʷʚʣʷʶʪʴ ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ 

ʧʝʨʚʠʥʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʈʽʟʥʦʛʦ ʨʦʜʫ ʟʙʦʾ ʫ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ɸʉʂʆɽ (ʚʠʭʽʜ ʽʟ ʣʘʜʫ ʣʽʯʠʣʴʥʠʢʽʚ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʟʙʦʾ ʚ ʣʽʥʽʷʭ ʟʚôʷʟʢʫ ʽ ʪ. ʽʥ.) ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʧʨʦʧʫʩʢʽʚ ʜʘʥʠʭ. ʇʠʪʘʥʥʷʤʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʧʨʦʧʫʩʢʽʚ ʜʘʥʠʭ ʟʘʡʤʘʻʪʴʩʷ ʰʠʨʦʢʝ ʢʦʣʦ ʩʧʝʮʽʘʣʽʩʪʽʚ.  

ʗʢ ʚʽʜʦʤʦ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʫ ʤʘʪʝʤʘʪʠʯʥʽʡ ʩʪʘʪʠʩʪʠʮʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʥʝʧʦʚʥʠʭ ʜʘʥʠʭ [2ï4]: 

-ʚʠʢʣʶʯʝʥʥʷ ʥʝʢʦʤʧʣʝʢʪʥʠʭ ʜʘʥʠʭ ʽʟ ʚʠʭʽʜʥʦʾ ʚʠʙʽʨʢʠ; ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝ ʻ ʮʽʣʢʦʤ ʢʦʨʝʢʪʥʠʤ ï 

ʥʝʧʦʚʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʽ ʪʦʤʫ ʧʦʪʨʝʙʫʶʪʴ 

ʜʦʜʘʪʢʦʚʦʛʦ ʘʥʘʣʽʟʫ; 

-ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʥʝʧʦʚʥʠʭ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ 
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ʤʝʪʦʜ ʟʚʘʞʫʚʘʥʥʷ ʘʙʦ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʘʚʜʦʧʦʜʽʙʥʦʩʪʽ, ɽʄ ï ʘʣʛʦʨʠʪʤʠ; ʧʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʽʜʤʽʪʠʪʠ ʟʨʦʩʪʘʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ [5, 6]; 

-ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʦʧʫʩʢʽʚ ʜʘʥʠʭ (ʟʘ ʩʝʨʝʜʥʽʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʛʨʝʩʽʾ ʽ ʪ. ʽʥ.); ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʪʘʢʽ ʧʽʜʭʦʜʠ ʻ ʝʬʝʢʪʠʚʥʠʤʠ [7]. 

 

ʄʝʪʦʶ ʨʦʙʦʪʠ  ̒ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʣʦʢʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʩʝʛʤʝʥʪʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʛʣʷʥʝʤʦ ʧʦʙʫʜʦʚʫ, ʪʘʢ ʟʚʘʥʦʛʦ, ʚʝʡʚʣʝʪ-ʧʝʨʝʪʚʦʨʝʥʥʷ ʍʘʘʨʘ ʽʟ çʜʠʨʢʘʤʠ/ʦʪʚʦʨʘʤʠè (a trous). 

ʇʨʠ ʮʴʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʩʠʛʥʘʣ, ʘʙʦ ʯʘʩʦʚʘ ʩʝʨʽʷ { }0 ,t
c , ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ ʚʭʽʜʥʦʛʦ 

ʩʠʛʥʘʣʫ ( )f x   ̔  ʩʢʝʡʣʠʥʛ-ʬʫʥʢʮʽʾ ( )xj , ʷʢʘ ʫʟʛʦʜʞʝʥʘ ʽʟ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʤ ʬʽʣʴʪʨʦʤ  

    
0 ,

( ) , ( )
t

c f x xj= .                       (1) 

ʉʢʝʡʣʠʥʛ-ʬʫʥʢʮʽʷ (ʬʫʥʢʮʽʷ ʤʘʩʰʪʘʙʫʚʘʥʥʷ) ʦʙʠʨʘʻʪʴʩʷ ʪʘʢ, ʱʦʙ ʟʘʜʦʚʦʣʴʥʠʪʠ ʨʽʚʥʷʥʥʶ 

ʨʦʟʰʠʨʝʥʥʷ  

    1
( ) ( )

2 2 k

x
h k x kj j

å õ
= -æ ö

ç ÷
ä  ,                      

 (2) 

ʜʝ ( )h k  ï ʜʠʩʢʨʝʪʥʠʡ ʬʽʣʴʪʨ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʬʫʥʢʮʽʻʶ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʽʟ ʽʥʰʠʤ ʨʽʚʥʝʤ ʨʦʟʢʣʘʜʘʥʥʷ ʩʠʛʥʘʣʫ. 

ɺʽʜʩʪʘʥʴ ʤʽʞ ʨʽʚʥʷʤʠ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽʟ ʢʦʝʬʽʮʽʻʥʪʦʤ 2 ʚʽʜ ʦʜʥʦʛʦ ʤʘʩʰʪʘʙʫ ʜʦ ʽʥʰʦʛʦ. ɿʛʣʘʜʞʝʥʽ ʜʘʥʽ { },j t
c   

ʨʽʚʥʷ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ j ʽ ʧʦʟʠʮʽʾ k ʻ ʩʢʘʣʷʨʥʠʤ ʜʦʙʫʪʢʦʤ 

,

1
( ), ( )

2 2
j t j j

x t
c f x j

-
= .                                                         (3) 

ʆʪʞʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʪʢʠ ʤʘʻʤʦ 

1, , 2
( ) jj t j t k

k

c h k c
+ +
=ä .                                                                      (4) 

ɼʘʣʽ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʚ ʷʢʦʩʪʽ ʚʝʡʚʣʝʪ-ʙʘʟʠʩʫ ʦʧʠʩʫʚʘʥʠʡ ʚʝʡʚʣʝʪ ʍʘʘʨʘ, ʚʠʨʘʟ (4) ʧʝʨʝʚʪʽʣʶʻʪʴʩʷ ʜʦ 

ʚʠʜʫ 

( )1, ,, 2

1

2
jj t j tj t

cA cA cA
+ -
= + ,                                                                  (5) 

ʜʝ 
1,j t

cA
+

 ʤʦʞʝʤʦ ʥʘʟʚʘʪʠ ʘʧʨʦʢʩʠʤʘʮʽʡʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʘ ʨʽʟʥʠʮʶ ʤʽʞ ʜʚʦʤʘ ʧʦʩʣʽʜʦʚʥʠʤʠ 

ʨʦʟʢʣʘʜʘʥʥʷʤʠ 

1, , 1,j t j t j t
cD cA cA

= +
= - ,                                                                      (6) 

ï ʜʝʪʘʣʽʟʫʶʯʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ, ʷʢʠʡ ʪʘʢʦʞ ʫ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʤ ʪʘ ʟʘʧʠʩʘʥʠʤ ʯʝʨʝʟ 

ʩʢʘʣʷʨʥʠʡ ʜʦʙʫʪʦʢ 

.

1
( ),

2 2
j t j j

x t
cD f x y

-å õ
= æ ö

ç ÷

.                                                               (7) 

ʇʨʠ ʮʴʦʤʫ ʚʝʡʚʣʝʪ-ʬʫʥʢʮʽʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ  

1 1
( )

2 2 2 2

x x
xy j j

å õ å õ
= -æ ö æ ö

ç ÷ ç ÷

.                                                                 (8) 

ʋ ʢʽʥʮʝʚʦʤʫ ʚʠʧʘʜʢʫ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʜʽ: 

, ,

1

( )

J

J t j t

j

f t cA cD

=

= +ä .                                                                   (9) 

ʊʦʙʪʦ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʨʦʟʢʣʘʜʝʥʠʡ ʫ ʦʨʪʦʥʦʨʤʦʚʘʥʦʤʫ ʙʘʟʠʩʽ (ʚʝʡʚʣʝʪ ʍʘʘʨʘ ï 

ʦʨʪʦʛʦʥʘʣʴʥʠʡ) ʧʦʩʣʽʜʦʚʥʽʩʪʶ ʘʧʨʦʢʩʠʤʫʶʯʠʭ ʪʘ ʜʝʪʘʣʽʟʫʶʯʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʨʽʚʥʷʤʠ ʚʝʡʚʣʝʪ-

ʜʝʢʦʤʧʦʟʠʮʽʾ. ʇʨʦʘʥʘʣʽʟʫʻʤʦ ʝʪʘʧ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ɻɽʅ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ (5) ʪʘ (6). ʇʨʠ 

ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʟ (6) ʩʣʽʜʫʻ: 
, 1 , 1,j t j t j t

cA cA cD
+ +

= + . ʊʦʙʪʦ, ʘʧʨʦʢʩʠʤʫʶʯʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʚʠʱʦʛʦ ʨʽʚʥʷ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʧʨʦʢʩʠʤʫʶʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʥʠʞʯʦʛʦ 

ʨʚ̔ʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʝʪʘʣʽʟʫʶʯʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ. ʅʘ ʨʠʩ. 1  ʛʨʘʬʽʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʫ 

ʩʭʝʤʫ  ʨʝʢʦʥʩʪʨʫʢʮʽʾ (ʚʽʜʥʦʚʣʝʥʥʷ) ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. 

 ʅʘ ʩʪʨʫʢʪʫʨʥʽʡ ʩʭʝʤʽ (ʨʠʩ. 1) ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʝʡʚʣʝʪ-ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ 

f(x) ʫ ʧʨʦʤʽʞʦʢ ʯʘʩʫ  t = 15 ʧʦʩʣʽʜʦʚʥʦ ʟʘ ʨʽʚʥʷʤʠ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ 

1 5 5 ,0 5 ,1 4 ,0 4 ,1 1,0 1,1
( ) (1 5 ) (1 5 ) (1 5 ) (1 5 ) ... (1 5 ) (1 5 )f t cA cD cA cD cA cD= + + + + + + . 

ɺʠʭʦʜʷʯʠ ʽʟ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʘ ʨʽʚʥʷʤʠ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ,  
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ʤʦʜʠʬʽʢʫʻʤʦ ʩʭʝʤʫ ʨʝʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 1), ʨʦʟʨʦʙʠʤʦ ʤʦʜʝʣʴ ʽ ʥʘ ʾʾ ʦʩʥʦʚʽ  ʩʠʥʪʝʟʫʻʤʦ  ʩʧʦʩʽʙ ʣʦʢʘʣʴʥʦʛʦ 

(ʧʦʩʝʛʤʝʥʪʥʦʛʦ) ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʨʽʚʥʷʤʠ ʜʝʪʘʣʽʟʘʮʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʛʨʘʬʽʢʘ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʨʦʙʣʶʚʘʥʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

{ } { } { }
1 2 1

0 , ,0 ,
1 1

( )

j
k

i J j i
i N J m j J

P cA su m cD k
¢ ¢ -

¢ ¢ = ¢ ¢

= +  ,                                          (10) 

ʜʝ i ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ, m ï ʨʽʚʝʥʴ ʚʝʡʚʣʝʪ-ʜʝʢʦʤʧʦʟʠʮʽʾ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʪʦʪʠ 

ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʚʣʘʩʪʠʚʦʩʪʷʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʽʟʫ). 
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʚʝʡʚʣʝʪ-ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ (4.41) ʪʘ (4.42) 

 

 ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ (ʧʦʩʝʛʤʝʥʪʥʦʛʦ) ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ (10) ʧʨʝʜʩʪʘʚʣʝʥʦ  ʥʘ ʨʠʩ. 2. 
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ʈʠʩ. 2. ʌʫʥʢʮʽʦʥʘʣʴʥʘ (ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʘ) ʤʦʜʝʣʴ ʧʦʝʣʝʤʝʥʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʚôʷʟʢʽʚ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ 

 

ɹʣʦʢ ʬʦʨʤʫʚʘʥʥʷ ʧʨʘʚʠʣ ʚʽʜʥʦʚʣʝʥʥʷ ʩʝʛʤʝʥʪʽʚ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʬʦʨʤʫʻ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʪʘ ʨʽʚʥʽ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʟʘʜʘʻ ʪʨʠʚʘʣʽʩʪʴ ʩʝʛʤʝʥʪʫ ʪʘ ʰʣʷʭʠ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʰʣʷʭʠ 

ʧʝʨʝʚʽʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʬʦʨʤʫʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 
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ʚʝʡʚʣʝʪ-ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʨʠʩ. 1. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ (10) ʩʬʦʨʤʫʻʤʦ ʤʦʜʝʣʴ ʧʦʩʝʛʤʝʥʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ  ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʩʠʛʥʘʣʫ 

ʽ ʦʧʠʰʝʤʦ ʾʾ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 
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,                                                (11) 

 ʜʝ t0  ï ʧʦʯʘʪʢʦʚʝ (ʯʘʩʦʚʝ) ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʛʦ ʩʝʛʤʝʥʪʫ, sĀæt ï ʪʨʠʚʘʣʽʩʪʴ ʩʝʛʤʝʥʪʫ (ʜʣʷ ɻɽʅ   

3,1 5, 3 0 , 6 0tD =  (ʭʚʠʣʠʥ), S ï ʤʝʞʘ ʩʝʛʤʝʥʪʫ. 

 ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʦʙʣʝʥʦʾ ʤʦʜʝʣʽ (ʨʠʩ. 2) ʪʘ (11), ʧʨʝʜʩʪʘʚʠʤʦ ʘʣʛʦʨʠʪʤ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ 

ʯʘʩʦʚʦʛʦ ʨʷʜʫ ʥʘ ʧʨʠʢʣʘʜʽ ʛʨʘʬʽʢʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɻɽʅ). ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʝ ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʥʘʯʝʥʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʚʦʩʴʤʠʛʦʜʠʥʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ʊʦʙʪʦ, ʷʢʱʦ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʝʨʝʜʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʥʦʯʽ ï  { }0 ,
0 8
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ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʪʽʣʴʢʠ ʜʘʥʽ ʟʥʘʯʝʥʥʷ. 

 

 
ʈʠʩ. 3. ɺʽʜʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʴ ɻɽʅ (ʚʦʩʴʤʠʛʦʜʠʥʥʠʭ ʩʝʛʤʝʥʪʽʚ) 

 

ʂʦʥʪʨʦʣʴ ʧʨʦʭʦʜʞʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʫ ʨʘʥʢʦʚʽ 
ʤʘʢʩ

ʨʘʥʦʢ
P   ʪʘ ʚʝʯʽʨʥʽ  

ʤʘʢʩ

ʚʝʯʽʨ
P    ʯʘʩʠ 

ʜʦʙʠ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʝʪʘʣʽʟʦʚʘʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʫ ʜʘʥʽ ʯʘʩʠ (ʚʽʜ 8  ʜʦ 11 ʛʦʜʠʥ ï ʨʘʥʢʦʚʠʡ 

ʤʘʢʩʠʤʫʤ, ʚʽʜ 17  ʜʦ 21 ʛʦʜʠʥʠ ï ʚʝʯʽʨʥʽʡ ʤʘʢʩʠʤʫʤ). ɼʘʥʽ ʛʦʜʠʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʇʦʩʪʘʥʦʚʦʶ ʅʂʈɽ 

ʋʢʨʘʾʥʠ. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʪʘʣʽʟʘʮʽʶ ʩʝʛʤʝʥʪʫ ɻɽʅ  { }0 ,
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  (ʨʠʩ. 4). 
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ʘ)                                                                                              ʙ) 

ʈʠʩ. 4. ɼʝʪʘʣʽʟʘʮʽʷ ʚʦʩʴʤʠʛʦʜʠʥʥʦʛʦ ʩʝʛʤʝʥʪʫ ɻɽʅ ʥʘ ʜʚʘ ʯʦʪʠʨʠʛʦʜʠʥʥʠʭ ï ʘ) ʪʘ ʯʦʪʠʨʠʛʦʜʠʥʥʦʛʦ ʥʘ ʜʚʘ ʜʚʦʛʦʜʠʥʥʠʭ ï ʙ) 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɻɽʅ, ʜʘʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʩʴʦʛʦ ʦʜʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʘʧʨʦʢʩʠʤʘʮʽʾ ʪʘ ʜʝʪʘʣʽʟʫʶʯʠʭ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʽʚ ʚʝʡʚʣʝʪ-ʜʝʪʘʣʽʟʘʮʽʾ. ɺʧʨʦʜʦʚʞ 

ʧʨʦʮʝʩʫ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʣʠʚʘ ʧʝʨʝʚʽʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʽ ʧʦʩʝʛʤʝʥʪʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ  ʤʦʜʝʣʣʶ  

ʨʠʩ. 2 ʟʘ  (5) ʪʘ (6) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʨʠʩ. 1. 

 ʊʘʢʠʤ ʯʠʥʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʽ ʩʠʥʪʝʟʦʚʘʥʠʡ ʥʘ ʾʾ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ 

ʩʝʛʤʝʥʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʛʥʘʣʠ, ʟʤʝʥʰʫʻ ʪʨʠʚʘʣʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ, ʩʧʨʦʱʫʻ ʘʥʘʣʽʟ ʙʘʟ ʜʘʥʠʭ, 

ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʥʪʨʦʣʶ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ʜʘʥʠʭ ʨʝʟʝʨʚʫʚʘʥʥʷʤ ʰʣʷʭʽʚ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʨʽʚʥʷʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʴ ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʣʦʢʘʣʴʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʯʘʩʦʚʠʭ ʩʝʛʤʝʥʪʽʚ ɻɽʅ ʥʘ 

ʧʽʜʩʪʘʚʽ ʚʠʨʽʰʝʥʥʷ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʠ   ʧʦʛʦʜʠʥʥʘ ʜʝʪʘʣʽʟʘʮʽʷ   ʬʫʥʢʮʽʦʥʘʣʴʥʘ 

ʟʘʣʝʞʥʽʩʪʴ ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ  ʧʦʩʣʽʜʦʚʥʠʭ ʨʽʚʥʽʚ ʜʝʢʦʤʧʦʟʠʮʽʾ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʽʟ  ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʴʦʭ 

ʚʝʡʚʣʝʪ-ʢʦʝʬʽʮʽʻʥʪʽʚ ʧôʷʪʦʛʦ ʨʽʚʥʷ ʜʝʢʦʤʧʦʟʠʮʽʾ (ʪʦʙʪʦ 25 % ʚʽʜ ʟʥʘʯʝʥʴ ʧʦʯʘʪʢʦʚʦʾ ʚʠʙʽʨʢʠ ɯʉ) ʽʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ (ʜʦ 100 %) ʦʮʽʥʠʪʠ ʚʝʣʠʯʠʥʫ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦ ʟʘ ʢʦʞʥʽ ʚʽʩʽʤ ʛʦʜʠʥ ʙʝʟ ʧʦʚʥʦʛʦ 

ʚʽʜʥʦʚʣʝʥʥʷ ɻɽʅ ʟʘ 24 ʛʦʜʠʥʠ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʠʪʠ ʫ ʧʨʦʮʝʩʽ ʤʦʥʽʪʦʨʠʥʛʫ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʦʾ ʩʠʩʪʝʤʠ 

ʢʦʥʢʨʝʪʥʠʡ  ʝʪʘʧ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜʥʦʚʣʝʥʠʭ ʜʘʥʠʭ ʚʽʜ ʨʝʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʚʝʣʠʯʠʥʠ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʣʷ 

ʚʥʝʩʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʢʦʨʝʢʪʠʚ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ ʜʦʟʚʦʣʠʪʴ ʧʨʦʚʦʜʠʪʠ 

ʧʨʦʮʝʩ ʧʨʦʛʥʦʟʫ ʢʦʤʙʽʥʦʚʘʥʠʤ ʩʧʦʩʦʙʦʤ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʴ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʪʦʯʥʽʩʪʴ. 
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ʊʅɽ INVESTIGATION OF PERFORMANCE CHARACTE RISTICS OF SAPONITE GRANULATE  
 

The use of natural clays in production and environmental protecting measures is provided by their mineral compounds, physical 
and chemical properties which are defined by the composition and size of clay part. In terms of ecology that is expedient, as the clay minerals 
ÁÌÍÏÓÔ ÄÏÎȭÔ ÈÁÖÅ ÃÏÍÐÏÕÎÄÓ ÔÈÁÔ ÐÏÌÌÕÔÅ ×ÁÔÅÒÓ ÁÎÄ ÔÈÅÙ ÁÒÅ ÎÁÔÕÒÁÌ ÆÏÒ ÓÕÃÈ ÁÒÅÁÓȢ It has been investigated the problems of the Ukrainian 
market of petroleum products and suggested the ways to solve them by developing of a program for the transition to Euro environmental 
standards and alignment of Ukrainian standards with the European ones. The influence of the granulation process on the sorption properties 
of the obtained granulated aluminosilicates has been investigated. The main operational characteristics of the received saponite granulate 
namely: the stability and strength of the granules in gasoline over a given period of time; it has been evaluated the water resistance and oil 
capacity of sorption materials based on layered aluminosilicates. It has been shown that the activation of natural sorption materials with 
acids does not significantly affect the indicators of heat resistance and destruction processes in the saponite-activator system. Moreover, 
granulation improves the strength and filtration characteristics of natural sorbents by increasing the filtration rate. The results of the 
research allow us to recommend the obtained sorbent materials as an efficient filtering charge for cleaning and controlling specific 
properties as a filter load for cleaning hydrocarbon mixtures and for obtaining high-quality, high-octane and low-toxic fuels. It was 
established that the obtained sorption material based on saponite clay improves the basic exploitative characteristics of the fuel. Its 
application allow to solve the problem of reducing toxic emissions of e.g. motor vehicles in atmosphere. 

Keywords: adsorption, petroleum products, chromatography, octane rating, saponite, vapor pressure. 

 

ʆʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʥʘ ʨʠʥʢʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʋʢʨʘʾʥʠ ʯʽʪʢʦ ʚʠʟʥʘʯʠʣʠʩʷ ʪʘʢʽ ʪʝʥʜʝʥʮʽʾ: ʟʨʦʩʪʘʻ 

ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʚʥʝʤ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ  ʪʨʘʥʩʧʦʨʪʫ ʡ ʩʪʘʥʜʘʨʪʘʤʠ ʷʢʦʩʪʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ; 

ʟʘʩʪʘʨʽʣʘ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʩʪʠʤʫʣʶʻ ʟʙʝʨʝʞʝʥʥʷ ʥʘ ʨʠʥʢʫ ʚʝʣʠʢʦʾ ʯʘʩʪʢʠ ʥʠʟʴʢʦʷʢʽʩʥʦʛʦ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʛʦ ʰʢʦʜʠʪʴ ʜʦʚʢʽʣʣʶ ʡ ʧʘʣʠʚʥʠʤ ʩʠʩʪʝʤʘʤ; ʚʽʜʩʫʪʥʽʩʪʴ ʩʠʩʪʝʤʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟ ʙʦʢʫ 

ʜʝʨʞʘʚʠ ʡ ʥʝʨʦʟʚʠʥʝʥʽʩʪʴ ʛʨʦʤʘʜʩʴʢʠʭ ʽʥʩʪʠʪʫʪʽʚ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʚʦʢʫʶʪʴ ʫʯʘʩʥʠʢʽʚ ʨʠʥʢʫ ʜʦ ʚʠʧʫʩʢʫ 

ʥʠʟʴʢʦʷʢʽʩʥʦʛʦ ʧʘʣʠʚʘ; ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʭʦʜʽʚ ʜʣʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʩʪʨʠʤʫʻ ʾʾ ʨʦʟʚʠʪʦʢ; ʥʝʚʠʢʦʥʘʥʥʷ ʟʦʙʦʚôʷʟʘʥʴ ʫʨʷʜʫ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʫʤʦʚ, ʷʢʽ 

ʙ ʩʧʨʠʷʣʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʅʇɿ, ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʨʦʟʚʠʪʦʢ ʪʘ ʽʩʥʫʚʘʥʥʷ ʛʘʣʫʟʽ. ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʩʠʪʫʘʮʽʾ 

ʥʝʜʦʩʪʘʪʥʴʦ ʣʠʰʝ ʟʘʧʨʦʚʘʜʠʪʠ ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ ʥʘ ʙʝʥʟʠʥ ʡ ʜʠʟʝʣʴʥʝ 

ʧʘʣʠʚʦ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ: ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʧʝʨʝʭʦʜʫ ʥʘ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʠ ɭʚʨʦ ʽ ʛʘʨʤʦʥʽʟʘʮʽʾ 

ʫʢʨʘʾʥʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʟ ʚ̒ʨʦʧʝʡʩʴʢʠʤʠ, ʘ ʪʘʢʦʞ ʟʘʭʦʜʠ ʽʟ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʱʦ ʚʠʨʦʙʣʷʶʪʴ ʚ ʋʢʨʘʾʥʽ; ʩʧʨʠʷʪʠ ʦʨʛʘʥʽʟʘʮʽʾ  ʛʨʦʤʘʜʷʥʩʴʢʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʨʝʘʣʽʟʘʮʽʻʶ 

ʧʨʦʛʨʘʤʠ ʡ ʧʦʣʽʪʠʢʦʶ ʫ ʩʬʝʨʽ ʢʦʥʪʨʦʣʶ ʟʘ ʦʙʽʛʦʤ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ; ʧʨʠʚʝʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʠ ʜʦ 

ʧʘʣʠʚʘ ʽ ʥʦʨʤʠ ʛʨʘʥʠʯʥʠʭ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʽʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ; ʨʦʟʨʦʙʠʪʠ 

ʧʨʠʥʮʠʧʠ ʨʦʙʦʪʠ ʪʘ ʫʪʚʦʨʠʪʠ ʤʽʞʚʽʜʦʤʯʫ ʢʦʤʽʩʽʶ ʟ ʜʦʧʫʩʢʫ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘ ʫʯʘʩʪʶ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʫʩʽʭ ʟʘʮʽʢʘʚʣʝʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ; ʧʦʢʣʘʩʪʠ ʥʘ ʥʝʾ, ʟʦʢʨʝʤʘ, ʫʟʛʦʜʞʝʥʥʷ ʥʦʚʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ;  ʧʝʨʝʛʣʷʥʫʪʠ ʯʠʥʥʽ ʛʘʣʫʟʝʚʽ ʩʪʘʥʜʘʨʪʠ ʥʘ ʢʦʤʧʦʥʝʥʪʠ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ, ʾʭʥʽ ʜʦʩʣʽʜʥʽ ʧʘʨʪʽʾ; 

ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ, ʱʦ ʟʜʽʡʩʥʶʚʘʪʠʤʝ ʥʝʟʘʣʝʞʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ;  ʜʦʮʽʣʴʥʽʰʝ ʟʙʝʨʝʛʪʠ 

ʮ  ʁʬʫʥʢʮʽʶ ʟʘ ʫʧʨʘʚʣʽʥʥʷʤʠ ʽʟ ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʧʨʘʚ ʩʧʦʞʠʚʘʯʽʚ, ʨʦʟʨʦʙʠʚʰʠ ʜʽʻʚʠʡ ʤʝʭʘʥʽʟʤ ʬʽʥʘʥʩʫʚʘʥʥʷ 
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ʧʝʨʝʚʽʨʦʢ; ʨʦʟʛʣʷʥʫʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʽʤʘ ʚʠʨʦʙʥʠʢʘʤʠ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ   ʪʝʭʥʦʣʦʛʽʾ ʧʘʣʠʚʥʠʭ 

ʤʘʨʢʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʶʚʘʪʠ ʷʢʽʩʪʴ ʧʘʣʠʚʘ ʚʽʜ ʅʇɿ ʜʦ ɸɿʉ, ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʠʥʥʦʛʦ ʚ ʾʾ ʟʥʠʞʝʥʥʽ ʡ 

ʚʠʟʥʘʯʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʧʦʩʪʨʘʞʜʘʚ ʦʨʠʛʽʥʘʣʴʥʠʡ ʧʨʦʜʫʢʪ; ʧʽʜʚʠʱʠʪʠ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʝʷʢʽʩʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʦʩʦʙʣʠʚʦ ʚ ʨʘʟʽ ʾʭʥʴʦʛʦ ʥʝʣʝʛʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; ʚʠʢʣʶʯʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʘʣʦʚʤʽʩʥʠʭ ʧʨʠʩʘʜʦʢ ʪʘ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʩʦʢʦʦʢʪʘʥʦʚʦʛʦ ʙʝʥʟʠʥʫ; ʟʥʠʟʠʪʠ 

ʛʨʘʥʠʯʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʥʠʟʴʢʦʦʢʪʘʥʦʚʦʤʫ ʙʝʥʟʠʥʽ; ʧʽʜʚʠʱʠʪʠ ʚʠʤʦʛʠ ʜʦ ʧʽʜʧʨʠʻʤʩʪʚ, 

ʷʢʠʡ ʚʠʨʦʙʣʷʶʪʴ ʩʫʤʽʰʝʚʠʡ ʙʝʥʟʠʥ; ʫʩʪʘʥʦʚʠʪʠ, ʱʦ ʦʙʦʚôʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʾʭʥʴʦʾ ʨʦʙʦʪʠ ʻ ʥʘʷʚʥʽʩʪʴ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ; ʚʠʢʣʶʯʠʪʠ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʘ ʮʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʚʠʩʦʢʦʦʢʪʘʥʦʚʦʛʦ 

ʙʝʥʟʠʥʫ; ʟʘʙʦʨʦʥʠʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʢʩʦʭʽʤʽʯʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʩʫʤʽʰʝʚʦʤʫ ʧʘʣʠʚʽ; ʟʘʧʨʦʚʘʜʠʪʠ ʚ ʋʢʨʘʾʥʽ 

ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʥʘ ʤʝʪʦʜʠ ʚʠʧʨʦʙʫʚʘʥʴ ʧʘʣʠʚʘ; ʩʧʨʠʷʪʠ ʨʦʟʰʠʨʝʥʥʶ ʤʝʨʝʞʽ ʣʘʙʦʨʘʪʦʨʽʡ ʽʟ ʢʦʥʪʨʦʣʶ 

ʷʢʦʩʪʽ, ʟʦʢʨʝʤʘ, ʚʠʜʽʣʝʥʥʶ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʯʠ ʧʨʠʤʽʱʝʥʴ, ʘ ʪʘʢʦʞ ʦʩʥʘʱʝʥʥʶ ʩʫʯʘʩʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ; 

ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʥʘʚʯʘʥʥʷ ʧʨʘʮʽʚʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ  ̔ ʣʘʙʦʨʘʪʦʨʽʡ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʟʦʢʨʝʤʘ ʫ ʧʠʪʘʥʥʷʭ ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʽʚ ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ [1]. ʉʝʨʝʜ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ, ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʩʦʨʙʮʽʡʥʘ 

ʦʯʠʩʪʢʘ ʥʘ ʦʩʥʦʚʽ ʧʨʠʨʦʜʥʠʭ ʩʦʨʙʝʥʪʽʚ. ʎʝ ʧʦʚ ʷʟʘʥʦ, ʧʦ-ʧʝʨʰʝ, ʟ ʜʝʰʝʚʠʟʥʦʶ ʽ ʜʦʩʪʫʧʥʽʩʪʶ ʧʨʠʨʦʜʥʠʭ 

ʤʽʥʝʨʘʣʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʦʜʥʦʨʘʟʦʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʧʦ-ʜʨʫʛʝ, ʧʨʠʨʦʜʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʩʤʦʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʠʙʽʨʢʦʚʽʩʪʶ, ʷʢ ʜʦ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʽʚ, ʪʘʢ ʽ ʜʦ ʦʨʛʘʥʽʯʥʠʭ ʙʘʨʚʥʠʢʽʚ, 

ʧʘʨʘʬʽʥʽʚ, ʘʨʦʤʘʪʠʯʥʠʭ ʩʧʦʣʫʢ. ɸʣʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʧʝʨʝʚʘʛʠ, ʧʨʠʨʦʜʥʽ ʘʣʶʤʦʩʠʣʽʢʘʪʠ 

ʤʘʶʪʴ ʥʝʚʠʩʦʢʫ ʩʦʨʙʮʽʡʥʫ ʻʤʥʽʩʪʴ ʽ ʥʝʜʦʩʪʘʪʥʶ ʤʝʭʘʥʽʯʥʫ ʤʽʮʥʽʩʪʴ, ʘ ʪʦʤʫ ʾʭ ʬʽʣʴʪʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʠʟʴʢʽ, ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʚʠʩʦʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ ʻ ʫʪʨʫʜʥʝʥʠʤ. ʈʦʟʚ ʷʟʘʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʧʨʦʙʣʝʤʠ ʧʦ ʧʦʢʨʘʱʝʥʥʶ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʨʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʭ ʩʦʨʙʝʥʪʽʚ ʽ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʦʙʤʽʥʥʦʾ ʻʤʥʦʩʪʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʗʢ ʦʜʠʥ ʽʟ ʚʘʨʽʘʥʪʽʚ ʧʦʢʨʘʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʨʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʻ 

ʧʝʨʝʚʝʜʝʥʥʷ ʾʭ ʚ ʛʨʘʥʫʣʴʦʚʘʥʫ ʬʦʨʤʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʟʚ ʷʟʫʶʯʠʭ. ɻʨʘʥʫʣʶʚʘʥʥʷ, ʛʨʘʥʫʣʷʮʽʷ (ʚʽʜ 

ʣʘʪ. Granulum ï ʟʝʨʥʷʪʢʦ) ï ʬʦʨʤʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ (ʛʨʘʥʫʣ) ʧʝʚʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʬʦʨʤʠ ʟ ʟʘʜʘʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʦʟʤʽʨ ʛʨʘʥʫʣ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ, ʩʧʦʩʦʙʫ ʡʦʛʦ ʧʦʜʘʣʴʰʦʾ ʧʝʨʝʨʦʙʢʠ ʘʙʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽ ʩʪʘʥʦʚʠʪʴ ʟʘʟʚʠʯʘʡ (ʤʤ): ʜʣʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʚʽʜ 1 ʜʦ 4, ʪʝʨʤʦʧʣʘʩʪʽʚ ʚʽʜ 2 ʜʦ 5, ʢʘʫʯʫʢʽʚ 

ʽ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ ʚʽʜ 15 ʜʦ 25 ʽ ʙʽʣʴʰʝ, ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ (ʪʘʙʣʝʪʦʢ) ʚʽʜ 3 ʜʦ 25. ʌʦʨʤʫʚʘʥʥʷ ʛʨʘʥʫʣ 

ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 1 ʤʤ ʽʥʦʜʽ ʥʘʟʠʚʘʶʪʴ ï ʤʽʢʨʦʛʨʘʥʫʣʶʚʘʥʥʷʤ. ʗʢʱʦ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 0,5 ʤʤ, ʪʦ ʮʝ ï 

ʧʦʨʦʰʢʠ. ɻʨʘʥʫʣʶʚʘʥʥʷ ʤʦʞʝ ʛʨʫʥʪʫʚʘʪʠʩʷ ʥʘ ʫʱʽʣʴʥʝʥʥʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʚ'ʷʟʫʶʯʠʭ ʘʙʦ ʙʝʟ ʥʠʭ), ʜʠʩʧʝʨʛʫʚʘʥʥʽ ʪʘ ʧʦʜʘʣʴʰʽʡ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʽʚ ʘʙʦ ʨʦʟʯʠʥʽʚ ʘʙʦ ʥʘ 

ʧʦʜʨʽʙʥʝʥʥʽ ʚʝʣʠʢʠʭ ʰʤʘʪʢʽʚ ʚ ʜʨʦʙʘʨʢʘʭ. ʆʩʥʦʚʥʽ  ʧʦʢʘʟʥʠʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʨʘʥʫʣʶʚʘʥʥʷ: ʚʠʭʽʜ ʪʦʚʘʨʥʦʾ 

(ʢʦʥʜʠʮʽʡʥʦʾ) ʬʨʘʢʮʽʾ; ʷʢʽʩʪʴ ʦʜʝʨʞʫʚʘʥʠʭ ʛʨʘʥʫʣ (ʬʦʨʤʘ, ʤʽʮʥʽʩʪʴ, ʥʘʩʠʧʥʘ ʤʘʩʘ); ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ [2]. ʇʨʦʮʝʩ ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʧʦʚʝʨʥʝʥʥʷʤ ʜʨʽʙʥʠʭ (ʥʝʢʦʥʜʠʮʽʡʥʠʭ) 

ʯʘʩʪʠʥʦʢ ʥʘ ʩʪʘʜʽʶ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ (ʨʝʪʫʨʥʝ ʛʨʘʥʫʣʶʚʘʥʥʷ) ʘʙʦ ʙʝʟ ʥʴʦʛʦ (ʙʝʟʨʝʪʫʨʥʝ). ɿʘ ʧʝʨʰʦʶ 

ʩʭʝʤʦʶ ʛʨʘʥʫʣʶʶʪʴ ʜʦʙʨʠʚʘ, ʟʘ ʜʨʫʛʦʶ ï ʧʦʣʽʤʝʨʠ ʽ ʣʽʢʘʨʩʴʢʽ ʧʨʝʧʘʨʘʪʠ. ɺʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʪʫʨʫ ʜʦ 

ʚʠʭʦʜʫ ʪʦʚʘʨʥʦʾ ʬʨʘʢʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʨʝʪʫʨʥʽʩʪʶ. ʎʝʡ ʧʦʢʘʟʥʠʢ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʛʨʘʥʫʣʶʚʘʥʥʷ ʜʦʙʨʠʚ 

ʤʝʪʦʜʦʤ ʦʙʢʦʯʫʚʘʥʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 0,3 ʜʦ 10-15. ʇʨʠʜʘʥʥʷ ʨʝʯʦʚʠʥʘʤ ʬʦʨʤʠ ʛʨʘʥʫʣ ʧʦʣʽʧʰʫʻ 

ʫʤʦʚʠ ʾʭ ʟʙʝʨʽʛʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʻ ʤʝʭʘʥʽʟʫʚʘʪʠ ʽ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩʠ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʽʚ, ʆʙʢʘʯʫʚʘʥʥʷ ʚ ʙʘʨʘʙʘʥʥʦʤʫ ʛʨʘʥʫʣʷʪʦʨʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʙʽʯʥʽʡ ʮʠʣʽʥʜʨʠʯʥʽʡ 

ʧʦʚʝʨʭʥʽ, ʚ ʪʘʨʽʣʯʘʩʪʦʤʫ ï ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʥʠʱʘ ʪʘʨʽʣʢʠ. ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʦʙʢʘʯʫʚʘʥʥʷ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʰʚʠʜʢʽʩʥʽ ʽ ʚʽʙʨʘʮʽʡʥʽ ʛʨʘʥʫʣʷʪʦʨʠ, ʚ ʷʢʠʭ ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰ ʱʽʣʴʥʽ ʽ ʦʜʥʦʨʽʜʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ 

ʛʨʘʥʫʣʠ. ʋ ʰʚʠʜʢʽʩʥʦʤʫ ʛʨʘʥʫʣʷʪʦʨʽ ʰʘʨ ʤʘʪʝʨʽʘʣʫ ʩʠʣʴʥʦ ʧʝʨʝʤʽʰʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʥʝʢʘ (ʯʘʩʪʦʪʘ 

ʦʙʝʨʪʘʥʥʷ 1000-2500 ʭʚ-1) ʽ ʚʘʣʫ ʟ ʥʘʩʘʜʞʝʥʠʤʠ ʥʘ ʥʴʦʛʦ ʰʪʠʨʷʤʠ ʘʙʦ ʧʣʘʩʪʠʥʘʤʠ [3]. ʇʨʝʩʫʚʘʥʥʷ ï 

ʦʪʨʠʤʘʥʥʷ ʛʨʘʥʫʣ ʚ ʬʦʨʤʽ ʙʨʠʢʝʪʽʚ, ʧʣʠʪʦʢ, ʪʘʙʣʝʪʦʢ ʰʣʷʭʦʤ ʫʱʽʣʴʥʝʥʥʷ ʩʫʭʠʭ ʧʦʨʦʰʢʽʚ, ʽʥʦʜʽ ʟ 

ʧʦʜʘʣʴʰʠʤ ʜʨʦʙʣʝʥʥʷʤ ʩʧʨʝʩʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʣʷ ʛʨʘʥʫʣʶʚʘʥʥʷ ʬʦʩʬʘʪʥʠʭ ʰʣʘʢʽʚ ʽ ʜʝʷʢʠʭ ʚʠʜʽʚ 

ʜʦʙʨʠʚ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚʘʣʢʦʚʽ ʡ ʚʘʣʴʮʝʚʽ ʧʨʝʩʠ,  ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ ʽ ʚʽʪʘʤʽʥʽʚ ï ʪʘʙʣʝʪʫʚʘʣʴʥʽ ʤʘʰʠʥʠ, 

ʨʝʘʢʪʦʧʣʘʩʪʽʚ ï ʟʫʙʯʘʪʽ ʨʦʪʦʨʥʽ ʛʨʘʥʫʣʷʪʦʨʠ, ʚʘʣʴʮʽ ʡ ʩʧʝʮʽʘʣʴʥʽ ʝʢʩʪʨʫʜʝʨʠ. ɼʣʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʧʦʜʘʯʽ 

ʧʦʨʦʰʢʫ ʽ ʡʦʛʦ ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜʧʨʝʩʦʚʫʚʘʯ (ʩʧʽʨʘʣʝʚʠʜʥʠʡ ʰʥʝʢ). 

ʆʩʦʙʣʠʚʽʩʪʴ ʛʨʘʥʫʣʶʚʘʥʥʷ ʥʘ ʚʘʣʢʘʭ ʽ ʚʘʣʴʮʷʭ ï ʚʠʜʘʚʣʝʥʥʷ ʟ ʧʦʨʦʰʢʫ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʽʪʨʷ ʽ ʡʦʛʦ 

ʬʽʣʴʪʨʘʮʽʷ ʢʨʽʟʴ ʰʘʨ ʧʦʩʪʫʧʘʶʯʦʛʦ ʚ ʮʶ ʟʦʥʫ ʤʘʪʝʨʽʘʣʫ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʫ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʝʩʘ, ʣʽʤʽʪʫʻʪʴʩʷ ʪʽʻʶ ʚʝʣʠʯʠʥʦʶ, ʧʨʠ ʷʢʽʡ ʧʦʨʦʰʦʢ ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʦʥʽ ʜʝʬʦʨʤʘʮʽʾ ʫ 

ʟʚʘʞʝʥʠʡ ʩʪʘʥ. ɽʢʩʪʨʫʟʽʷ ï ʫʪʚʦʨʝʥʥʷ ʛʨʘʥʫʣ ʰʣʷʭʦʤ ʧʨʦʜʘʚʣʶʚʘʥʥʷ ʧʣʘʩʪʠʯʥʦ-ʚ'ʷʟʢʦʾ ʤʘʩʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʥʝʢʘ ʯʝʨʝʟ ʛʦʣʦʚʢʫ ʝʢʩʪʨʫʜʝʨʘ ʟ ʧʦʜʘʣʴʰʠʤ ʨʦʟʨʽʟʘʥʥʷʤ ʘʙʦ ʜʨʦʙʣʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ. ʄʝʪʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʛʨʘʥʫʣʶʚʘʥʥʷ ʪʝʨʤʦʧʣʘʩʪʽʚ, ʢʘʫʯʫʢʽʚ ʽ ʛʫʤʦʚʠʭ ʩʫʤʽʰʝʡ, ʘ ʪʘʢʦʞ 

ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʢʦʨʤʽʚ. ɺ ʪʝʭʥʦʣʦʛʽʾ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʝʢʩʪʨʫʟʽʶ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʛʨʘʥʫʣʶʚʘʥʥʷ 

ʙʘʛʘʪʴʦʭ ʚʠʜʽʚ ʢʘʪʘʣʽʟʘʪʦʨʽʚ. ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʪʨʠʤʘʣʠ ʯʝʨʚ'ʷʯʥʽ ʝʢʩʪʨʫʜʝʨʠ. ʇʦʨʦʰʢʦʧʦʜʽʙʥʠʡ 

ʤʘʪʝʨʽʘʣ ʧʣʘʚʠʪʴʩʷ ʽ ʚʠʜʘʚʣʶʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʜʞʛʫʪʽʚ ʘʙʦ ʩʪʨʽʯʦʢ, ʷʢʽ ʨʽʞʫʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ 

ʛʦʣʦʚʢʠ ʘʙʦ ʜʨʦʙʣʷʪʴʩʷ ʧʽʩʣʷ ʦʭʦʣʦʜʞʫʚʘʥʥʷ ʚ ʩʧʝʮʽʘʣʴʥʽʡ ʚʘʥʥʽ. ʇʨʠ ʛʨʘʥʫʣʶʚʘʥʥʽ ʙʦʨʦʰʥʠʩʪʠʭ ʢʦʨʤʽʚ ʾʭ 

ʦʙʨʦʙʣʷʶʪʴ ʧʘʨʦʶ ʘʙʦ ʟʤʽʰʫʶʪʴ ʟ ʚʦʜʦʶ ʯʠ ʙʽʦʤʘʩʦʶ, ʧʦʜʘʶʪʴ ʥʘ ʧʝʨʬʦʨʦʚʘʥʫ ʤʘʪʨʠʮʶ, ʱʦ ʦʙʝʨʪʘʻʪʴʩʷ, 

ʚʠʜʘʚʣʶʶʪʴ ʯʝʨʝʟ ʾʾ ʦʪʚʦʨʠ ʽ ʨʦʟʨʽʟʘʶʪʴ ʥʘ ʛʨʘʥʫʣʠ ʥʦʞʘʤʠ [4ï6]. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʛʨʘʥʫʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ. ʆʙʢʘʯʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʩʪʘʜʽʾ: ʟʤʦʯʫʚʘʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ ʟʚ'ʷʟʫʶʯʠʤ (ʚʦʜʦʶ, 

ʩʫʣʴʬʽʪ-ʩʧʠʨʪʦʚʦʶ ʙʘʨʜʦʶ, ʩʫʤʽʰʘʤʠ ʟ ʚʦʜʦʶ ʚʘʧʥʘ, ʛʣʠʥ, ʰʣʘʢʽʚ ʽ ʽʥʰʠʭ ʟʚ'ʷʟʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ), ʚʥʘʩʣʽʜʦʢ 
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ʯʦʛʦ ʫʪʚʦʨʷʪʴʩʷ ʦʢʨʝʤʽ ʛʨʫʜʢʠ ï ʘʛʣʦʤʝʨʘʪʠ ʯʘʩʪʠʥʦʢ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘʰʘʨʫʚʘʥʥʷ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ 

ʙʽʣʴʰ ʚʝʣʠʢʽ; ʫʱʽʣʴʥʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ ʚ ʰʘʨʽ ʤʘʪʝʨʽʘʣʫ. ʇʨʦʮʝʩ ʟʜʽʡʩʥʶʶʪʴ ʚ ʙʘʨʘʙʘʥʥʠʭ, ʪʘʨʽʣʯʘʩʪʠʭ, 

ʰʚʠʜʢʽʩʥʠʭ ʽ ʚʽʙʨʘʮʽʡʥʠʭ ʛʨʘʥʫʣʷʪʦʨʘʭ. ʇʨʠʥʮʠʧ ʜʽʾ ʙʘʨʘʙʘʥʥʦʛʦ ʽ ʪʘʨʽʣʯʘʩʪʦʛʦ ʛʨʘʥʫʣʷʪʦʨʽʚ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ 

ʦʙʝʨʪʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʘʨʘʙʘʥʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʘʙʦ ʧʽʜ ʢʫʪʦʤ ʚʽʜ 1 ʜʦ 3Á (ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʚʽʜ 5 ʜʦ 20 ʭʚ-1), ʽ ʩʧʝʮʽʘʣʴʥʦʾ ʪʘʨʝʣʽ, ʨʦʟʤʽʱʝʥʦʾ ʧʽʜ ʢʫʪʦʤ ʚʽʜ 45 ʜʦ 55Á (ʯʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʚʽʜ 5 ʜʦ 50 ʭʚ-1), 

ʚʩʝʨʝʜʠʥʽ ʷʢʦʾ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʰʘʨ ʤʘʪʝʨʽʘʣʫ. ʉʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤ ʘʧʘʨʘʪʽʚ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚʽʜ 10 ʜʦ 

15%. ʆʙËʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʠʨʦʜʥʽ ʟʨʘʟʢʠ ʪʝʨʤʽʯʥʦ-ʘʢʪʠʚʦʚʘʥʦʾ ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ (ʊʘʰʢʽʚʩʴʢʝ 

ʨʦʜʦʚʠʱʝ ʉʣʘʚʫʪʩʴʢʦʛʦ ʨʘʡʦʥʫ ʍʤʝʣʴʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ) ʪʘ ʚʫʛʣʝʚʦʜʥʝʚʘ ʩʫʤʽʰ, ʘ ʩʘʤʝ ʙʝʥʟʠʥ ʤʘʨʢʠ ɸ-92 

(ʋʢʨʥʘʬʪʘ). ʄʝʪʘ ʨʦʙʦʪʠ ï ʦʪʨʠʤʘʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ  ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʘʥʫʣʷʪʫ ʥʘ ʦʩʥʦʚʽ 

ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ. ʆʪʞʝ, ʤʝʣʝʥʠʡ ʩʘʧʦʥʽʪʦʚʠʡ ʢʦʥʮʝʥʪʨʘʪ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʣʠ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʤʽʩʪʠʚ 90% ʯʘʩʪʠʥʦʢ ʨʦʟʤʽʨʦʤ 1 ʤʤ ʘʣʝ, ʦʙ'ʻʤʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʩʘʧʦʥʽʪʦʚʠʤ ʢʦʥʮʝʥʪʨʘʪʦʤ ʽ ʚʦʜʦʶ, 

ʧʽʜʙʠʨʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘʩʴ ʜʦʩʪʘʪʥʷ ʧʣʘʩʪʠʯʥʽʩʪʴ  ̔ʬʦʨʤʦʩʪʽʡʢʽʩʪʴ ʩʫʤʽʰʽ. ʄʘʩʦʚʠʡ 

ʚʤʽʩʪ ʨʽʜʢʦʾ ʩʢʣʘʜʦʚʦʾ ʧʽʜʪʨʠʤʫʚʘʣʠ ʥʘ ʨʽʚʥʽ 35%. ʉʫʩʧʝʥʟʽʶ ʧʝʨʝʤʽʰʫʚʘʣʠ ʥʘ ʧʨʦʪʷʟʽ 10-15 ʭʚʠʣʠʥ, ʪʘʢ ʷʢ 

ʩʪʫʧʽʥʴ ʦʜʥʦʨʽʜʥʦʩʪʽ ʧʽʜʛʦʪʦʚʘʥʦʾ ʩʫʤʽʰʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ, ʛʦʪʫʚʘʣʠ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪ, ʧʨʦʜʘʚʣʶʶʯʠ ʧʽʜʛʦʪʦʚʣʝʥʫ ʤʘʩʫ ʯʝʨʝʟ ʬʽʣʴôʻʨʠ ʧʝʚʥʦʾ ʬʦʨʤʠ  ̔ʨʦʟʤʽʨʽʚ (ʜʽʘʤʝʪʨʦʤ 1 ʤʤ) 

ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ. ʎʝʡ ʤʝʪʦʜ ʻ ʧʨʦʩʪʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʠʤ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʜʦʩʪʘʪʥʴʦ ʧʦʨʠʩʪʠʭ ʽ 

ʤʽʮʥʠʭ ʛʨʘʥʫʣ. ʉʫʰʽʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʡʦʛʦ ʬʦʨʤʠ ʽ ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʨʽʜʢʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦ ʟʚôʷʟʫʶʯʦʛʦ. ʉʫʰʽʥʥʷ ʛʨʘʥʫʣ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (17 ʉ̄) ʥʘ ʧʨʦʪʷʟʽ 1 

ʜʦʙʠ. ʆʙʧʘʣʶʚʘʥʥʷ ʧʝʨʝʪʚʦʨʶʻ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʚ ʛʦʪʦʚʠʡ ʚʠʨʽʙ, ʱʦ ʩʣʫʛʫʻ ʤʽʩʮʝʤ ʫʱʽʣʴʥʝʥʥʶ ʛʨʘʥʫʣ. 

ʊʝʤʧʝʨʘʪʫʨʫ ʽ ʯʘʩ ʦʙʧʘʣʶʚʘʥʥʷ ʧʽʜʙʠʨʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; ʮʽ ʧʦʢʘʟʥʠʢʠ ʟʥʘʭʦʜʠʣʠʩʴ ʚ ʤʝʞʘʭ ʚʽʜ 1 ʜʦ 3 

ʛʦʜ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜ 100 ʜʦ 700 ʉ̄ [5ï8]. 

ʈʝʞʠʤ ʢʦʥʚʝʢʪʠʚʥʦʾ ʦʙʨʦʙʢʠ ï ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʪʨʠʚʘʣʽʩʪʴ ʥʘʛʨʽʚʫ ï ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ 

ʢʽʥʮʝʚʠʡ ʧʨʦʜʫʢʪ ʧʦʚʠʥʝʥ ʙʫʪʠ ʥʝ ʪʽʣʴʢʠ ʤʝʭʘʥʽʯʥʦ ʤʽʮʥʠʤ, ʘʣʝ ʡ ʚʦʣʦʜʽʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʶ ʩʦʨʙʮʽʡʥʦʶ 

ʟʜʘʪʥʽʩʪʶ. ɺʠʙʽʨ ʪʝʤʧʝʨʘʪʫʨʠ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ. ɼʝʷʢʽ 

ʛʣʠʥʠʩʪʽ ʤʘʪʝʨʽʘʣʠ ʜʦʩʪʘʪʥʴʦ ʘʢʪʠʚʥʽ ʚ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʘʣʝ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʟ ʥʠʭ ʜʦʮʽʣʴʥʦ 

ʘʢʪʠʚʫʚʘʪʠ ʭʽʤʽʯʥʠʤ ʘʙʦ ʪʝʨʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʾʭ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ, ʟʤʽʥʠ 

ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʧʦʚʝʨʭʥʽ. ʈʽʟʥʽ ʩʧʦʩʦʙʠ ʤʦʜʠʬʽʢʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʫʚʘʪʠ ʩʦʨʙʝʥʪʠ, ʷʢʽ ʚʦʣʦʜʽʶʪʴ ʩʧʝʮʠʬʽʯʥʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʦʨʛʘʥʽʯʥʠʭ  ̔ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʅʘʡʙʽʣʴʰ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ, ʱʦ ʥʝ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʠʭ ʨʝʘʛʝʥʪʽʚ ʽ 

ʩʢʣʘʜʥʦʛʦ ʘʧʘʨʘʪʫʨʥʦʛʦ ʦʬʦʨʤʣʝʥʥʷ, ʻ ʪʝʨʤʽʯʥʝ ʤʦʜʠʬʽʢʫʚʘʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʧʽʜʚʠʱʝʥʠʤʠ ʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʱʦʜʦ ʨʽʟʥʠʭ ʦʨʛʘʥʽʯʥʠʭ  ̔ ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʆʧʪʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʘʮʽʾ ʛʣʠʥʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʘ ʷʢʦʾ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʧʨʦʷʚʣʷʶʪʴʩʷ ʾʭ ʘʜʩʦʨʙʮʽʡʥʽ, 

ʚʠʙʽʣʶʚʘʣʴʥʽ ʪʘ ʢʘʪʘʣʽʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʽʥʝʨʘʣʦʛʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʦʨʙʝʥʪʫ, ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʡʦʛʦ ʨʦʜʦʚʠʱʘ ʪʦʱʦ. ʊʦʤʫ ʫʤʦʚʠ ʪʝʨʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ ʤʽʥʝʨʘʣʴʥʠʭ ʩʦʨʙʝʥʪʽʚ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʜʫ  ̔ʨʦʜʦʚʠʱʘ 

ʚʠʟʥʘʯʘʶʪʴ ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ. ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʽʜʟʥʘʯʠʣʠ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʠ ʘʢʪʠʚʘʮʽʾ ʢʦʣʠʚʘʶʪʴʩʷ ʫ 

ʤʝʞʘʭ ʚʽʜ 200 ÁC ʜʦ 700 ÁC.  

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʽʢʘʥʥʷ ʦʪʨʠʤʘʥʦ ʨʽʟʥʫ ʢʦʣʽʨʥʫ ʛʘʤʫ ʪʘ ʤʽʮʥʽʩʪʴ 

ʛʨʘʥʫʣ. ʊʦʙʪʦ, ʯʠʤ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʜʦʚʰʠʡ ʯʘʩ ʩʧʽʢʘʥʥʷ, ʪʠʤ ʚʠʱʘ ʤʽʮʥʽʩʪʴ ʛʨʘʥʫʣ, ʘ ʢʦʣʽʨ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʯʦʨʥʦʛʦ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʩʦʨʙʮʽʡʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʨʘʟʢʽʚ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 

 

ˉ ɿʨʘʟʦʢ ʩʦʨʙʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʤʽʨ 

ʟʝʨʝʥ, ʤʤ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʧʽʢʘʥʥʷ, ʉ̄ 

ʏʘʩ 

ʩʧʽʢʘʥʥʷ, 

ʛʦʜ 

 

ʨʅ 

 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ 

1 ʇʨʠʨʦʜʥʠʡ ʩʘʧʦʥʽʪ 1 400 1 6,28 ʩʫʩʧʝʥʟʽʷ 

ʪʝʤʥʦ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

2 ʇʨʠʨʦʜʥʠʡ ʩʘʧʦʥʽʪ 1 400 2 6,90 ʩʫʩʧʝʥʟʽʷ 

ʪʝʤʥʦ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

3 ʇʨʠʨʦʜʥʠʡ ʩʘʧʦʥʽʪ 1 400 3 6,47 ʩʫʩʧʝʥʟʽʷ 

ʩʚʽʪʣʦ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

4 ʇʨʠʨʦʜʥʠʡ ʩʘʧʦʥʽʪ 1 700 3 6,55 ʩʫʩʧʝʥʟʽʷ  

ʩʚʽʪʣʦ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 
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5 
ʇʨʠʨʦʜʥʠʡ ʩʘʧʦʥʽʪ + 

ʩʠʣʽʢʘʛʝʣʴ 1 700 3 7,05 
ʩʫʩʧʝʥʟʽʷ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

6 ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

1 

 

200 

 

2 
 

5,05 

ʩʫʩʧʝʥʟʽʷ 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

 

7 

 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

 

1 

 

200 

 

3 

 

5,33 

ʩʫʩʧʝʥʟʽʷ 

ʢʦʨʠʯʥʝʚʦ- 

ʦʨʘʥʞʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

 

8 

 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

 

0,25-1 

 

 

300 

 

 

3 

 

 

5,81 

ʩʫʩʧʝʥʟʽʷ 

ʥʘʩʠʯʝʥʦ- 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

 

9 

 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

 

- 

 

 

 

400 

 

 

 

1 

 

 

 

5,7 

ʩʫʩʧʝʥʟʽʷ 

ʥʘʩʠʯʝʥʦ- 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

 

10 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

 

- 

 

 

 

400 

 

 

 

2 

 

 

 

5,39 

ʩʫʩʧʝʥʟʽʷ 

ʥʘʩʠʯʝʥʦ- 

ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʫ 

 

 

11 

 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

 

- 

 

 

400 

 

 

3 

 

 

5,76 

ʩʫʩʧʝʥʟʽʷ 

ʢʨʦʚ¡̫ʥʦʛʦ 

ʢʦʣʴʦʨʫ 

 

12 

 

ʉʘʧʦʥʽʪ ʢʠʩʣʦʪʥʦ- 

ʘʢʪʠʚʦʚʘʥʠʡ (H2SO4) 

 

- 

 

 

700 

 

 

3 

 

 

6,31 

ʩʫʩʧʝʥʟʽʷ 

ʢʨʦʚ¡̫ʥʦʛʦ 

ʢʦʣʴʦʨʫ 

 

ʆʯʠʱʝʥʥʷ ʙʝʥʟʠʥʫ ɸ-92 (ʋʢʨʥʘʬʪʘ) ʧʨʦʚʦʜʠʣʠ ʪʘʢʠʤ ʤʝʪʦʜʦʤ: ʟʨʘʟʢʠ ʪʝʨʤʽʯʥʦ ʪʘ ʢʠʩʣʦʪʥʦ-

ʘʢʪʠʚʦʚʘʥʦʛʦ ʛʨʘʥʫʣʷʪʫ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ, ʧʦʜʨʽʙʥʠʣʠ ʥʘ ʬʨʘʢʮʽʾ ʟ ʨʦʟʤʽʨʦʤ ʚʽʜ 0,3 ʜʦ 0,5 ʤʤ. ɼʦ ʥʘʚʘʞʢʠ 

ʦʪʨʠʤʘʥʦʛʦ ʛʨʘʥʫʣʷʪʫ ʤʘʩʦʶ 1,25 ʛ ʜʦʜʘʣʠ 5 ʤʣ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ. ʇʝʨʝʤʽʰʫʚʘʥʥʷ ʩʫʩʧʝʥʟʽʾ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ ʥʘ ʧʨʦʪʷʟʽ 5 ʭʚ; ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 2 ʭʚ, ʟ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ʩʫʩʧʝʥʟʽʾ ʚʽʜʙʠʨʘʣʠ 

ʦʯʠʱʝʥʫ ʧʨʦʙʫ ʪʘ ʭʨʦʤʘʪʦʛʨʘʬʫʚʘʣʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ çGAZOLINè [9, 10] ʦʙʨʦʙʣʷʣʠ ʨʝʟʫʣʴʪʘʪʠ. 

ɺʽʜʩʦʪʢʦʚʠʡ ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʚʦʜʥʽʚ ʪʘ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟʨʘʟʢʽʚ ʦʯʠʱʝʥʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ 

ʩʫʤʽʰʝʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʷʭ 2 ʪʘ 3. 

 

ʊʘʙʣʠʮʷ 2 

ɺʽʜʩʦʪʢʦʚʠʡ ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʦʯʠʱʝʥʠʭ ʟʨʘʟʢʘʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ 

 

 

ˉ 

 

ɿʨʘʟʦʢ ʦʯʠʱʝʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ 

ʩʫʤʽʰʽ  

ʇ
ʘ
ʨ
ʘ
ʬ
ʽ
ʥ
ʠ

 

 

ɯ
ʟ
ʦ

 ï

ʧ
ʘ
ʨ
ʘ
ʬ
ʽ
ʥ
ʠ

 

 

ɸ
ʨ
ʦ
ʤ
ʘ
ʪ
ʠ
ʢ
ʘ

 

 

ʅ
ʘ
ʬ
ʪ
ʝ
ʥ
ʠ

 

 

ʆ
ʣ
ʝ
ʬ
ʽ
ʥ
ʠ

 

 

ʆ
ʢ
ʩ
ʠ
ʛ
ʝ
ʥ
ʘ
ʪ
ʠ

 

1 
ʅʝʦʯʠʱʝʥʠʡ ʙʝʥʟʠʥ ɸ-92 

(ʩʪʘʨʪʦʚʠʡ) 
9,803 28,985 29,017 11,335 8,672 2,416 

 

2 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʴʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

9,601 

 

25,460 

 

31,916 

 

12,221 

 

3,474 

 

- 

 

3 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=2 ʛʦʜ, T=400 ʉ̄) 

 

15,863 

 

30,766 

 

15,984 

 

22,387 

 

1,434 

 

0,729 

 

4 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=400 ʉ̄) 

 

9,287 

 

26,260 

 

27,667 

 

12,431 

 

7,206 

 

- 

 

5 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

8,501 

 

30,764 

 

29,611 

 

11,016 

 

5,618 

 

1,520 
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6 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ + 

ʩʠʣʽʢʘʛʝʣʴ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

9,344 

 

 

33,252 

 

 

27,426 

 

 

11,467 

 

 

5,934 

 

 

0,723 

 

 

7 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(H2SO4) 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

9,475 

 

 

30,102 

 

 

31,733 

 

 

15,685 

 

 

4,292 

 

 

1,992 

 

8 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʴʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=1 ʛʦʜ, T=400̄  ʉ) 

 

9,601 

 

25,460 

 

31,916 

 

12,221 

 

3,474 

 

- 

 

9 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=2 ʛʦʜ, T=400 ʉ̄) 

 

15,863 

 

30,766 

 

15,984 

 

22,387 

 

1,434 

 

0,729 

 

10 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T =400 ʉ̄) 

 

9,287 

 

26,260 

 

27,667 

 

12,431 

 

7,206 

 

- 

 

11 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

8,501 

 

30,764 

 

29,611 

 

11,016 

 

5,618 

 

1,520 

 

 

12 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ + 

ʩʠʣʽʢʘʛʝʣʴ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

9,344 

 

 

33,252 

 

 

27,426 

 

 

11,467 

 

 

5,934 

 

 

0,723 

 

 

13 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ ʛʨʘʥʫʣʷʪʦʤ 

ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ 

(H2SO4) 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

9,475 

 

 

30,102 

 

 

31,733 

 

 

15,685 

 

 

4,292 

 

 

1,992 

ʊʘʙʣʠʮʷ 3 

ʆʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʟʨʘʟʢʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ   ʩʫʤʽʰʝʡ 

 

ˉ ɿʨʘʟʦʢ ʦʯʠʱʝʥʦʾ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ 

ʉʝʨʝʜʥʷ 

ʤʦʣʝʢʫʣʷʨʥʘ 

ʤʘʩʘ, ʛ/ʤʦʣʴ 

ʉʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ, 

ʛ/ʩʤ3 

ʊʠʩʢ 

ʥʘʩʠʯʝʥʦʾ 

ʧʘʨʠ, ʢʇʘ 

ʆʢʪʘʥʦʚʝ ʯʠʩʣʦ 

ʜʦʩʣʽʜʥʠʮʴʢʝ ʤʦʪʦʨʥʝ 

1 
ʅʝʦʯʠʱʝʥʠʡ ʙʝʥʟʠʥ ɸ-92 

(ʩʪʘʨʪʦʚʠʡ) 
103,81 0,771 64,119 90,926 84,282 

 

 

2 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

105,979 

 

 

0,785 

 

 

44,813 

 

 

94,013 

 

 

81,406 

 

 

3 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=2 ʛʦʜ, T=400 ʉ̄) 

 

 

104,111 

 

 

0,760 

 

 

36,805 

 

 

81,516 

 

 

72,814 

 

 

4 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=400 ʉ̄) 

 

 

109,386 

 

 

0,787 

 

 

39,714 

 

 

86,236 

 

 

84,086 

 

 

5 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

106,643 

 

 

0,778 

 

 

53,146 

 

 

87,455 

 

 

83,811 

 

 

6 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ + ʩʠʣʽʢʘʛʝʣʴ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

104,961 

 

 

0,769 

 

 

53,638 

 

 

86,529 

 

 

83,367 
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7 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ   

ʛʨʘʥʫʣʷʪʦʤ 

ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʦʚʘʥʦʛʦ  

ʩʘʧʦʥʽʪʫ (H2SO4) 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

 

102,392 

 

 

 

0,770 

 

 

 

47,282 

 

 

 

88,608 

 

 

 

82,017 

 

 

8 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

105,979 

 

 

0,785 

 

 

44,813 

 

 

94,013 

 

 

81,406 

 

 

9 

ɹʝʥʟʠʥ ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=2 ʛʦʜ, T=400 ʉ̄) 

 

 

104,111 

 

 

0,760 

 

 

36,805 

 

 

81,516 

 

 

72,814 

 

 

10 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=400 ʉ̄) 

 

 

109,386 

 

 

0,787 

 

 

39,714 

 

 

86,236 

 

 

84,086 

 

 

11 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

106,643 

 

 

0,778 

 

 

53,146 

 

 

87,455 

 

 

83,811 

 

 

12 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ  

ʩʘʧʦʥʽʪʫ+ ʩʠʣʽʢʘʛʝʣʴ 

(t=3 ʛʦʜ, T=700 ʉ̄) 

 

 

104,961 

 

 

0,769 

 

 

53,638 

 

 

86,529 

 

 

83,367 

 

 

 

13 

ɹʝʥʟʠʥ, ʦʯʠʱʝʥʠʡ  

ʛʨʘʥʫʣʷʪʦʤ 

ʢʠʩʣʦʪʥʦ-ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʩʘʧʦʥʽʪʫ (H2SO4) 

(t=1 ʛʦʜ, T=400 ʉ̄) 

 

 

 

102,392 

 

 

 

0,770 

 

 

 

47,282 

 

 

 

88,608 

 

 

 

82,017 

 

ʇʽʜ ʯʘʩ ʦʯʠʱʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʢʠʩʣʦʪʥʦ-

ʘʢʪʠʚʦʚʘʥʦʛʦ ʛʨʘʥʫʣʷʪʫ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ ʚʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʙʫʣʦ ʥʝ ʣʠʰʝ ʟʙʝʨʝʛʪʠ ʚʽʜʧʦʚʽʜʥʠʡ 

ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʥʘʬʪʦʧʨʦʜʫʢʪʫ, ʘʣʝ ʡ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʠʰʠʪʠ ʥʝʟʤʽʥʥʠʤʠ (ʘʙʦ ʞ ʧʦʢʨʘʱʠʪʠ) ʦʩʥʦʚʥʽ 

ʬʽʟʠʢʦ - ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʙʝʥʟʠʥʫ ɸ-92, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ: ʦʢʪʘʥʦʚʝ ʯʠʩʣʦ (ʟʘ ʜʦʩʣʽʜʥʠʮʴʢʠʤ ʪʘ ʤʦʪʦʨʥʠʤ 

ʤʝʪʦʜʘʤʠ), ʚʽʜʥʦʩʥʫ ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ ʪʘ ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ [11ï13]. ɹʘʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ, ʷʢ ʚʠʜʥʦ ʟ 

ʪʘʙʣʠʮʴ 2 ʪʘ 3, ʚʜʘʣʦʩʷ ʜʦʩʷʛʪʠ ʧʨʠ ʦʯʠʱʝʥʥʽ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʦʛʦ ʩʘʧʦʥʽʪʫ, ʧʨʠ 

Ű=1 ʛʦʜ ʪʘ ʊ=400 Üʉ, ʜʝ ʦʪʨʠʤʘʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʦʢʪʘʥʦʚʝ ʯʠʩʣʦ ʟʘ ʜʦʩʣʽʜʥʠʮʴʢʠʤ, ʷʢʝ ʩʪʘʥʦʚʠʪʴ 94,013, ʽ 

ʤʦʪʦʨʥʠʤ ï 81,406 ʤʝʪʦʜʘʤʠ. 

ʇʦʢʘʟʥʠʢʠ ʪʠʩʢʫ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʩʪʘʨʪʦʚʦʛʦ ʙʝʥʟʠʥʫ ɸ-92 ʪʘ ʦʯʠʱʝʥʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʨʘʟʢʽʚ 

ʩʘʧʦʥʽʪʦʚʦʛʦ ʛʨʘʥʫʣʷʪʫ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ ʚʽʜ 28,005 ʜʦ 66,448 ʢʇʘ, ʜʝ ʟʘ ɼʉʊʋ 4839.2007, ʫ ʣʽʪʥʽʡ ʪʘ ʟʠʤʦʚʠʡ 

ʧʝʨʽʦʜʠ ʧʦʢʘʟʥʠʢʠ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜ 45 ʜʦ 95 ʢʇʘ. ʏʠʤ ʚʠʱʠʡ ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ, ʪʠʤ ʙʽʣʴʰʝ ʫ ʙʝʥʟʠʥʽ 

ʬʨʘʢʮʽʡ, ʷʢʽ ʣʝʛʢʦ ʚʠʧʘʨʦʚʫʶʪʴʩʷ. ʊʘʢʠʡ ʙʝʥʟʠʥ ʤʘʻ ʢʨʘʱʽ ʧʫʩʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʜʚʠʛʫʥ ʢʨʘʱʝ 

ʧʨʦʛʨʽʚʘʻʪʴʩʷ. ɺʦʜʥʦʯʘʩ ʟʨʦʩʪʘʻ ʥʝʙʝʟʧʝʢʘ ʫʪʚʦʨʝʥʥʷ çʧʘʨʦʚʠʭ ʢʦʨʢʽʚè, ʚʪʨʘʪ ʙʝʥʟʠʥʫ ʚʽʜ ʚʠʧʘʨʦʚʫʚʘʥʥʷ 

ʧʨʠ ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʽ, ʟʘʙʨʫʜʥʝʥʥʷ   ʥʘʚʢʦʣʠʰʥʴʦʛʦ   ʩʝʨʝʜʦʚʠʱʘ.   ʊʠʩʢ   ʥʘʩʠʯʝʥʦʾ   ʧʘʨʠ   ʦʯʠʱʝʥʦʛʦ 

ʙʝʥʟʠʥʫ ʩʘʧʦʥʽʪʦʚʠʤ ʛʨʘʥʫʣʷʪʦʤ ʧʨʠ Ű=1 ʛʦʜ ʪʘ ʊ=400 Üʉ ʩʪʘʥʦʚʠʪʴ ï 44,813 ʢʇʘ, ʱʦ ʻ ʚʽʜʥʦʩʥʦ ʥʠʞʯʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʪʘʨʪʦʚʠʤ ʙʝʥʟʠʥʦʤ ɸ-92, ʧʨʦ ʪʝ ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʧʦʢʘʟʥʠʢʘ, ʷʢʠʡ ʚʢʘʟʘʥʠʡ ʚ 

ʪʝʭʥʽʯʥʠʭ ʫʤʦʚʘʭ [10, 11]. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʘʧʦʥʽʪʦʚʦʛʦ ʛʨʘʥʫʣʷʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʡʦʛʦ ʫ ʚʠʟʥʘʯʝʥʠʭ ʮʽʣʷʭ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʧʝʮʽʘʣʴʥʠʤʠ ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʫʤʦʚ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. ɼʦ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʛʨʘʥʫʣ ʫ ʙʝʥʟʠʥʽ ʥʘ ʧʨʦʪʷʟʽ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʧʘʨʘʣʝʣʴʥʦ ʚʠʢʦʥʘʣʠ ʜʚʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʨʽʟʥʠʮʷ ʷʢʠʭ ʧʦʣʷʛʘʣʘ ʣʠʰʝ ʚ ʪʦʤʫ, ʱʦ ʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʣʠ 

ʥʘ ʨʽʟʥʠʭ ʧʨʦʤʽʞʢʘʭ ʯʘʩʫ, ʘ ʩʘʤʝ: ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʪʠʞʥʽʚ ʪʘ ʧ ʷʪʠ ʤʽʩʷʮʽʚ. ʇʨʦʙʠ ʟʨʘʟʢʽʚ ʧʨʠʨʦʜʥʴʦʛʦ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ (Ű=3 ʛʦʜ, ʊ=700 Üʉ ʪʘ Ű=1 ʛʦʜ, 400 Üʉ) ʤʘʩʦʶ ʥʘʚʘʞʢʠ 1 ʛ, ʟʘʣʠʚʘʣʠ ʚʫʛʣʝʚʦʜʥʝʚʦʶ 

ʩʫʤʽʰʰʶ. ɼʘʣʽ ʦʮʽʥʶʚʘʣʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ, ʘ ʩʘʤʝ ʟʤʽʥʫ ʤʽʮʥʦʩʪʽ ʛʨʘʥʫʣ ʪʘ ʢʦʣʴʦʨʫ 

ʩʫʩʧʝʥʟʽʾ. ʅʘ ʨʠʩʫʥʢʫ 1, ʥʘʚʝʜʝʥʦ ʬʦʪʦ ʩʫʩʧʝʥʟʽʡ, ʦʯʠʱʝʥʠʭ ʧʨʠʨʦʜʥʠʤ ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʩʘʧʦʥʽʪʦʤ 

(ʪʨʠʚʘʣʽʩʪʴ ʫʪʨʠʤʫʚʘʥʥʷ ʛʨʘʥʫʣʷʪʫ ʫ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʘʭ ï ʚʽʜ ʪʨʴʦʭ ʪʠʞʥʽʚ ʪʘ ʧôʷʪʠ ʤʽʩʷʮʽʚ).  
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ʈʠʩ. 1. ʌʦʪʦ ʩʫʩʧʝʥʟʽʡ ʧʨʠʨʦʜʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ ʫ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʘʭ:  

ʘ) ʧʨʠ Ű=1 ʛʦʜ, ʊ=400 Üʉ; ʙ) ʧʨʠ Ű=3 ʛʦʜ, ʊ=700 Üʉ 

 

ʇʨʦʪʷʛʦʤ ʪʨʴʦʭ ʪʠʞʥʽʚ (ʨʠʩ. 1ʘ), ʛʨʘʥʫʣʠ ʧʨʠʨʦʜʥʴʦʛʦ ʩʘʧʦʥʽʪʫ ʫ ʩʫʩʧʝʥʟʽʾ ʥʝ ʟʤʽʥʠʣʠ ʢʦʣʴʦʨʫ, ʘʣʝ 

ʩʪʘʣʠ ʢʨʠʭʢʽʰʠʤʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʟʨʘʟʢʦʤ. ʊʘʢʦʞ ʟʤʽʥʠʚʩʷ ʽ ʢʦʣʽʨ ʩʫʩʧʝʥʟʽʾ ʟ ʞʦʚʪʦʛʦ ʥʘ ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʠʡ. ɿ ʨʠʩʫʥʢʘ 1ʙ ʚʠʜʥʦ, ʱʦ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʯʘʩʫ, ʛʨʘʥʫʣʷʪ ʧʨʠʨʦʜʥʴʦʛʦ ʩʘʧʦʥʽʪʫ ʥʝ ʟʤʽʥʠʚ 

ʩʚʦʾʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. ʊʚʝʨʜʽʩʪʴ ʪʘ ʢʦʣʽʨ ʟʘʣʠʰʠʣʠʩʴ ʙʝʟ ʟʤʽʥ. ʇʨʦʪʝ, ʢʦʣʽʨ ʩʫʩʧʝʥʟʽʾ 

ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ ʩʪʘʚ ʙʽʣʴʰ ʥʘʩʠʯʝʥʦ-ʢʦʨʠʯʥʝʚʠʤ. ʁʤʦʚʽʨʥʦ, ʚʽʜʙʫʣʘʩʴ ʜʝʩʦʨʙʮʽʷ 

ʦʢʪʘʻʜʨʠʯʥʦʛʦ ʢʘʪʽʦʥʫ Fe3+ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʥʘʬʪʦʧʨʦʜʫʢʪʫ. 

ʎʽʢʘʚʦ ʙʫʣʦ ʧʨʦʩʣʽʜʢʫʚʘʪʠ, ʷʢʠʤ ʩʪʘʚ ʚʫʛʣʝʚʦʜʥʝʚʠʡ ʩʢʣʘʜ ʙʝʥʟʠʥʫ ʧʽʩʣʷ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʦʯʠʱʝʥʥʷ 

ʛʨʘʥʫʣʷʪʦʤ ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ. ɸ ʪʦʤʫ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ. ɼʝʪʘʣʴʥʠʡ ʚʽʜʩʦʪʢʦʚʠʡ ʤʘʩʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʚʦʜʥʽʚ, ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʦʯʠʱʝʥʠʭ ʟʨʘʟʢʽʚ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 2 ʪʘ ʚ ʪʘʙʣʠʮʽ 4. 

 

 
ʈʠʩ. 2. ʄʘʩʦʚʠʡ ʚʤʽʩʪ ʚʫʛʣʝʚʦʜʥʽʚ ʫ ʟʨʘʟʢʘʭ ʦʯʠʱʝʥʦʛʦ ʙʝʥʟʠʥʫ ɸ-92:  

ʘ) ʧʨʠ Ű=1 ʛʦʜ, ʊ=400 Üʉ; ʙ) ʧʨʠ Ű=3 ʛʦʜ, ʊ=700 Üʉ 

 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ʦʯʠʱʝʥʠʭ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, 

ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʦʨʙʮʽʾ ʙʝʥʟʠʥʫ ɸ-92, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ 

ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ, ʘ ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʦʯʠʱʝʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ, ʘ ʩʘʤʝ 

ʤʦʣʝʢʫʣʷʨʥʘ ʤʘʩʘ, ʪʠʩʢ ʥʘʩʠʯʝʥʦʾ ʧʘʨʠ ʪʘ ʚʽʜʥʦʩʥʘ ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ ʟʛʽʜʥʦ 

ɼʉʊʋ 4839.2007. 

 

ʊʘʙʣʠʮʷ 4 

ʆʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʪʘ ʧʦʢʘʟʥʠʢʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

 

 

ˉ 

ɿʨʘʟʦʢ 

ʦʯʠʱʝʥʦʾ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ 

ʩʫʤʽʰʽ 

 

ʐʚʠʜʢʽʩʪʴ ʧʨʦʧʫʩʢʘʥʥʷ 

ʚʫʛʣʝʚʦʜʥʝʚʦʾ  ʩʫʤʽʰʽ, 

ʤʣ/ʭʚ 

ʉʝʨʝʜʥʷ 

ʤʦʣʝʢʫʣʷʨʥʘ  

ʤʘʩʘ, ʛ/ʤʦʣʴ 

ʉʝʨʝʜʥʷ 

ʛʫʩʪʠʥʘ, ʛ/ʩʤ3 

ʊʠʩʢ 

ʥʘʩʠʯʝʥʦʾ   

ʧʘʨʠ, ʢʇʘ 

ʆʢʪʘʥʦʚʝ ʯʠʩʣʦ 

 

ʜʦʩʣʽʜʥʠʮʴʢʝ 

 

ʤʦʪʦʨʥʝ 

1 
ɹʝʥʟʠʥ, 

ʦʯʠʱʝʥʠʡ 

ʛʨʘʥʫʣʷʪʦʤ 

ʧʨʠʨʦʜʥʴʦʛʦ 

ʩʘʧʦʥʽʪʫ 

(t=1 ʛʦʜ, 

T=400 

ʉ̄) 

4 105,050 0,776 60,418 88,662 84,114 

2 5 103,894 0,767 56,217 96,337 81,997 

3 6 

 

101,059 

 

0,758 

 

69,882 

 

90,292 

 

83,231 

4 7 101,225 0.761 73,812 89,802 83,076 
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ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʭʨʦʤʘʪʦʛʨʘʤʠ ʦʯʠʱʝʥʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ ʛʨʘʥʫʣʷʪʦʤ ʧʨʠʨʦʜʥʠʤ ʧʨʠ Ű=1 ʛʦʜ, ʊ=400 Üʉ 

 

ʊʘʢ ʷʢ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʰʚʠʜʢʦ ʦʢʠʩʣʶʚʘʪʠʩʴ, ʪʦ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚʽ 

ʛʨʘʥʫʣ ʩʘʧʦʥʽʪʫ ʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʜʘʥʦʤʫ ʧʨʦʮʝʩʫ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʧʨʠʟʫʧʠʥʠʪʠ ʦʢʠʩʥʝʥʥʷ ʪʘʢʠʭ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʷʢ ʦʣʝʬʽʥʠ ʪʘ ʦʢʩʠʛʝʥʘʪʠ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʧʽʜ ʯʘʩ ʦʯʠʱʝʥʥʷ 

ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʥʘ ʧʨʦʪʷʟʽ 21 ʜʥʷ, ʘʣʝ ʧʽʜ ʯʘʩ ʦʯʠʱʝʥʥʷ ʙʝʥʟʠʥʫ ʪʨʠʚʘʣʽʩʪʶ ʧ ʷʪʴ ʤʽʩʷʮʽʚ ʦʢʪʘʥʦʚʝ ʯʠʩʣʦ 

ʟʨʦʩʪʘʻ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʩʘʧʦʥʽʪ-ʚʫʛʣʝʚʦʜʥʝʚʘ ʩʫʤʽʰ ʧʨʦʭʦʜʷʪʴ ʩʘʤʦʯʠʥʥʽ ʧʨʦʮʝʩʠ 

ʜʝʩʦʨʙʮʽʾ ʚʫʛʣʝʚʦʜʥʽʚ ʟ ʤʽʞʰʘʨʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ ʫ ʩʫʩʧʝʥʟʽʶ. 

ʉʪʽʡʢʽʩʪʴ ʟʝʨʝʥ ʘʙʦ ʞ ʛʨʘʥʫʣ ʩʦʨʙʝʥʪʫ ʜʦ ʜʽʾ ʢʠʧʣʷʯʦʾ ʚʦʜʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʦʜʦʩʪʽʡʢʽʩʪʶ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʦʜʦʩʪʽʡʢʦʩʪʽ ʩʘʧʦʥʽʪʦʚʦʛʦ ʛʨʘʥʫʣʷʪʫ ʧʘʨʘʣʝʣʴʥʦ ʧʨʦʚʝʣʠ  ʜʚʘ ʜʦʩʣʽʜʠ. ɼʣʷ ʮʴʦʛʦ, ʥʘʚʘʞʢʠ 

ʛʨʘʥʫʣ ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ (Ű=1 ʛʦʜ, 400 Üʉ) ʟʘʣʠʣʠ 100 ʤʣ ʚʦʜʠ. ʆʜʠʥ ʽʟ ʟʨʘʟʢʽʚ ʢʠʧʽʚ ʧʨʦʪʷʛʦʤ 3 ʭʚ, ʽʥʰʠʡ 

ʟʘʣʠʰʠʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʝʨʽʦʜʠʯʥʦ ʧʦʤʽʰʫʶʯʠ. ʏʝʨʝʟ ʜʝʷʢʠʡ ʯʘʩ, ʚʤʽʩʪ ʩʫʩʧʝʥʟʽʡ ʨʝʪʝʣʴʥʦ 

ʱʝ ʨʘʟ ʧʝʨʝʤʽʰʘʣʠ ʪʘ ʚʽʜʬʽʣʴʪʨʫʚʘʣʠ, ʜʘʣʽ ʚʠʩʫʰʠʣʠ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ. ʋ ʜʚʦʭ ʚʠʧʘʜʢʘʭ ʛʨʘʥʫʣʠ ʥʘ ʦʩʥʦʚʽ 

ʩʘʧʦʥʽʪʫ, ʷʢʽ ʟʥʘʭʦʜʠʣʠʩʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʪʽ, ʷʢʽ ʧʽʜʜʘʚʘʣʠʩʴ ʢʠʧʽʥʥʶ, ʫʪʚʦʨʠʣʠ ʩʫʩʧʝʥʟʽʾ, 

ʦʩʢʽʣʴʢʠ ʩʤʝʢʪʠʪʦʚʘ ʛʣʠʥʘ ʻ ʛʽʜʨʦʬʽʣʴʥʠʤ ʩʦʨʙʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʠʟʴʢʦʶ 

ʚʦʜʦʩʪʽʡʢʽʩʪʶ. ʇʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ, ʾʭ ʟʚʘʞʠʣʠ, 

ʦʪʨʠʤʘʚʰʠ ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ 2,483 ʛ ʪʘ 2,310 ʛ. ɸ ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʚʦʜʦʩʪʽʡʢʠʭ ʛʨʘʥʫʣ 

ʧʨʠʨʦʜʥʴʦʛʦ ʩʘʧʦʥʽʪʫ, ʜʦʮʽʣʴʥʦ ʙʫʣʦ ʙ ʥʘʧʦʚʥʠʪʠ ʾʭ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʉʦʨʙʮʽʡʥʘ ʥʘʬʪʦʻʤʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʧʦʛʣʠʥʫʪʦʛʦ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʜʦ ʤʘʩʠ 

ʩʦʨʙʝʥʪʫ. ʆʩʥʦʚʥʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʩʦʨʙʝʥʪʽʚ ʥʘʬʪʠ ʻ ʧʣʘʚʫʯʽʩʪʴ ʽ ʚʦʜʦʧʦʛʣʠʥʘʥʥʷ. ɺ ʷʢʦʩʪʽ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ 

ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʫ, ʦʙʨʘʣʠ ʜʚʘ ʟʨʘʟʢʠ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʜʠʥ ʟ ʷʢʠʭ ʧʦʢʘʟʘʚ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʫ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʽʥʰʠʡ ï ʛʽʨʰʠʡ, ʘ ʩʘʤʝ ʧʨʠʨʦʜʥʠʡ ʛʨʘʥʫʣʷʪ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ: ʧʨʠ Ű=1 ʛʦʜ, 

ʊ=400Üʉ ʪʘ ʧʨʠ Ű=2 ʛʦʜ, ʊ=400 Üʉ. ɺʠʟʥʘʯʝʥʥʷ ʥʘʬʪʦʻʤʥʦʩʪʽ ʩʦʨʙʝʥʪʽʚ ʧʨʦʚʝʣʠ ʪʘʢʠʤ ʯʠʥʦʤ: ʫ ʢʦʣʙʫ 

ʥʘʣʠʣʠ 40 ʤʣ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʽ ʚʥʝʩʣʠ ʚʽʜʦʤʫ ʢʽʣʴʢʽʩʪʴ ʩʦʨʙʝʥʪʫ (0,4 ʛ) ʨʽʟʥʦʾ ʘʢʪʠʚʘʮʽʾ ʪʘ ʩʪʫʧʝʥʷ 

ʜʠʩʧʝʨʩʥʦʩʪʽ. ʉʦʨʙʮʽʷ ʧʨʦʭʦʜʠʣʘ ʧʨʦʪʷʛʦʤ 5, 10, 30, 60, 120 ʭʚ. ʌʦʪʦ ʜʘʥʠʭ ʟʨʘʟʢʽʚ ʩʫʩʧʝʥʟʽʡ ʥʘʚʝʜʝʥʦ ʥʘ 

ʨʠʩʫʥʢʫ 6. 

 

 
ʈʠʩ. 6. ʌʦʪʦ ʩʫʩʧʝʥʟʽʡ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ 

 

ʇʦʪʽʤ ʩʦʨʙʝʥʪ ʟʚʘʞʠʣʠ ʽ ʦʮʽʥʶʚʘʣʠ ʥʘʬʪʦ ʻʤʥʽʩʪʴ, ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʧʦʛʣʠʥʫʪʦʛʦ ʥʘʬʪʦʧʨʦʜʫʢʪʫ 
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ʜʦ ʤʘʩʠ ʩʦʨʙʝʥʪʫ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʥʘʬʪʦ ʻʤʥʦʩʪʽ ʪʘ ʤʘʩʘ ʧʦʛʣʠʥʫʪʦʛʦ ʙʝʥʟʠʥʫ ɸ-92 ʛʨʘʥʫʣʘʤʠ 

ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ ʧʽʜ ʯʘʩ ʩʦʨʙʮʽʾ ʧʝʚʥʦʛʦ ʯʘʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 5 ʪʘ 6. 

 

ʊʘʙʣʠʮʷ 5 

ʆʮʽʥʢʘ ʥʘʬʪʦʻʤʥʦʩʪʽ ʩʦʨʙʝʥʪʽʚ 

ɿʨʘʟʦʢ 

ʩʦʨʙʝʥʪʫ 

ʅʘʬʪʦʻʤʥʽʩʪʴ ʧʦ ʙʝʥʟʠʥʫ (ʛ/ʛ), ʭʚ 

5 10 30 60 120 

ɻʨʘʥʫʣʷʪ 

ʧʨʠʨʦʜʥʠʡ  

(Ű=1 ʛʦʜ, ʊ=400Üʉ) 

 

0, 0686 

 

0,0770 

 

0,0782 

 

0,0873 

 

0,0963 

ɻʨʘʥʫʣʷʪ 

ʧʨʠʨʦʜʥʠʡ 

 (Ű=2 ʛʦʜ, ʊ=400Üʉ) 

 

0,0705 

 

0,0745 

 

0,0795 

 

0,0831 

 

0,0964 

 

ʊʘʙʣʠʮʷ 6 

ʄʘʩʘ ʧʦʛʣʠʥʫʪʦʛʦ ʙʝʥʟʠʥʫ ɸ-92 ʛʨʘʥʫʣʘʤʠ ʩʤʝʢʪʠʪʦʚʦʾ ʛʣʠʥʠ 

 

ɿʨʘʟʦʢ ʩʦʨʙʝʥʪʫ ʄʘʩʘ ʧʦʛʣʠʥʫʪʦʛʦ ʙʝʥʟʠʥʫ, ʛ (ʭʚ) 

5 10 30 60 120 

ɻʨʘʥʫʣʷʪ 

ʧʨʠʨʦʜʥʠʡ 

(Ű=1 ʛʦʜ, ʊ=400Üʉ) 

 

0, 032 

 

0,034 

 

0,037 

 

0,042 

 

0,045 

ɻʨʘʥʫʣʷʪ 

ʧʨʠʨʦʜʥʠʡ 

(Ű=2 ʛʦʜ, ʊ=400Üʉ) 

 

0,03 

 

0,035 

 

0,038 

 

0,041 

 

0,043 

 

ɿʘʣʝʞʥʽʩʪʴ ʤʘʩʠ ʧʦʛʣʠʥʫʪʦʛʦ ʙʝʥʟʠʥʫ ʚʽʜ ʯʘʩʫ ʩʦʨʙʮʽʾ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 7 ʫ ʚʠʛʣʷʜʽ ʪʦʯʢʦʚʦʾ 

ʜʽʘʛʨʘʤʠ. 

 

 
ʈʠʩ. 7. ɿʘʣʝʞʥʽʩʪʴ ʤʘʩʠ ʧʦʛʣʠʥʫʪʦʛʦ ʙʝʥʟʠʥʫ ɸ-92 ʚʽʜ ʯʘʩʫ ʩʦʨʙʮʽʾ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʨʠʩʫʥʢʫ 7 ʧʦʢʘʟʘʥʦ, ʱʦ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ ʥʘʬʪʦʻʤʥʦʩʪʽ ʦʪʨʠʤʘʚ ʟʨʘʟʦʢ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʘʧʦʥʽʪʫ ʧʨʠ Ű=1 ʛʦʜ ʪʘ ʊ=400Üʉ. ʑʦʜʦ ʽʥʰʦʛʦ ʟʨʘʟʢʘ ʩʦʨʙʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (Ű=2 ʛʦʜ, 

ʊ=400Üʉ), ʪʦ ʚʽʥ ʧʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʢʘʟʘʚ ʥʠʞʯʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʤʘʩʽ ʧʦʛʣʠʥʫʪʦʾ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʘʩʘ ʧʦʛʣʠʥʫʪʦʛʦ ʥʘʬʪʦʧʨʦʜʫʢʪʫ ʟʨʦʩʪʘʻ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ ʩʦʨʙʮʽʾ, ʨʘʟʦʤ ʽʟ ʪʠʤ ʟʨʦʩʪʘʻ ʽ ʥʘʬʪʦ ʻʤʥʽʩʪʴ. ʇʨʦ ʪʝ, ʷʢʱʦ ʥʘʜʘʣʽ ʟʙʽʣʴʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ 

ʩʦʨʙʮʽʾ, ʪʦ ʧʨʦʮʝʩ ʧʦʛʣʠʥʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʙʫʜʝ ʩʧʘʜʘʪʠ, ʘʙʦ ʞ ʚʟʘʛʘʣʽ ʜʦʩʷʛʥʝ ʤʘʢʩʠʤʫʤʫ, ʦʩʢʽʣʴʢʠ  

ʩʦʨʙʝʥʪ  ʩʚʦʾʤʠ  ʧʦʨʘʤʠ     ʧʝʨʝʩʪʘʥʝ ʧʦʛʣʠʥʘʪʠ ʩʢʣʘʜʦʚʽ ʥʘʬʪʦʧʨʦʜʫʢʪʫ [13]. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʦ ʥʦʚʽ 
ʢʦʤʧʦʟʠʮʽʡʥʽ ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʥʦʩʽʷ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ 

ʚ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʦʮʽʥʝʥʦ ʾʭ ʚʦʜʦʩʪʽʡʢʽʩʪʴ, ʥʘʬʪʦʻʤʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʫ ʙʝʥʟʠʥʽ. 

 

ɺʠʩʥʦʚʢʠ 

ʆʪʨʠʤʘʥʦ ʛʨʘʥʫʣʷʪ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʦʚʦʾ ʛʣʠʥʠ ʟ ʨʽʟʥʠʤ ʯʘʩʦʤ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʧʽʢʘʥʥʷ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʛʨʘʥʫʣʶʚʘʥʥʷ ʧʦʢʨʘʱʫʻ ʤʽʮʥʽʩʥʽ ʽ ʬʽʣʴʪʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʨʦʜʥʠʭ ʩʦʨʙʝʥʪʽʚ, 

ʟʙʽʣʴʰʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ ʪʘ ʧʨʦʜʦʚʞʫʚʘʥʽʩʪʴ ʬʽʣʴʪʨʦʮʠʢʣʫ. ɻʘʟʦʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦ ʦʮʽʥʝʥʦ ʩʢʣʘʜ 

ʦʯʠʱʝʥʠʭ ʟʨʘʟʢʽʚ ʚʫʛʣʝʚʦʜʥʝʚʦʾ ʩʫʤʽʰʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʘʧʦʥʽʪʦʚʦʛʦ ʛʨʘʥʫʣʷʪʫ ʫ ʩʪʘʪʠʯʥʠʭ (ʆʏ = 94,013) ʪʘ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ (ʆʏ = 96,337). ɺʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʦʛʦ 

ʩʘʧʦʥʽʪʦʚʦʛʦ ʛʨʘʥʫʣʷʪʫ, ʘ ʩʘʤʝ: ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʛʨʘʥʫʣ ʫ ʙʝʥʟʠʥʽ ʥʘ ʧʨʦʪʷʟʽ ʟʘʜʘʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ; 
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ʦʮʽʥʝʥʦ ʚʦʜʦʩʪʽʡʢʽʩʪʴ ʪʘ ʥʘʬʪʦʻʤʥʽʩʪʴ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʰʘʨʦʚʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʥʦʚʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʩʦʨʙʝʥʪʠ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʥʦʩʽʷ  ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ ʚ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʦʙˇʨʫʥʪʦʚʘʥʦ ʨʝʢʦʤʝʥʜʫʚʘʪʠ ʦʪʨʠʤʘʥʽ  ʛʨʘʥʫʣʴʦʚʘʥʽ ʩʦʨʙʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟ 

ʨʦʟʚʠʥʫʪʦʶ ʧʦʚʝʨʭʥʝʶ ʪʘ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʫʶʯʦʾ ʟʘʛʨʫʟʢʠ ʜʣʷ 

ʦʯʠʩʪʢʠ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʩʫʤʽʰʝʡ ʪʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʠʭ, ʚʠʩʦʢʦʦʢʪʘʥʦʚʠʭ ʽ ʥʠʟʴʢʦʪʦʢʩʠʯʥʠʭ ʧʘʣʠʚ. ʅʘ 

ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʨʛʘʥʦʤʽʥʝʨʘʣʴʥʠʡ ʩʦʨʙʮʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚʽ ʩʘʧʦʥʽʪʫ 

ʧʦʢʨʘʱʫʻ ʦʩʥʦʚʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʣʠʚʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʠʨʽʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟʥʠʞʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʚʠʢʠʜʽʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚ ʘʪʤʦʩʬʝʨʫ. 
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INFORMATION SYSTEM O F IDENTIFICATION OF TERMS AND ABBREVIATI ONS IN TEXT DOCUMENT S 
 

The paper examines the process of building and functioning of the system for identifying terms and abbreviations in text 
documents. The task of developing such a system is urgent, since such an identification problem often arises in the military sphere. During the 
implementation of the system, it was taken into account that a single term or abbreviation may have several explanations in different 
regulatory documents. All available explanations are added to the term or abbreviation, which is taken into account during the operation of 
the system. A feature of the system is the use of natural language processing methods, since terms can be found in different cases. To 
implement the system, ready-made Python packages were used to cover similar tasks: Tkinter, PyMuPDF Examples of the system's 
functioning are given. The developed system is used in practice. 

In the process of completing the work, the research of problems and the search for solutions for the tasks is carried out, an 
information system is developed for the processing of documents with the aim of integrating definitions of potentially unknown terms and 
abbreviations into them, in order to enable officers to use any literature without problems, because all terms and abbreviations will be 
known. To generalize the documentation, all the necessary requirements for the system are defined, and in order to correctly create the 
architecture and allocate the functional tasks of the system under development, a system analysis is performed and a conceptual model is 
built. Using all the specified information, all the necessary diagrams are built using the UML notation. Diagrams depict the relationships 
between objects and the overall architecture of the system. The architecture of the system is built in such a way that the component systems 
and the system as a whole can be easily expanded. At the end of the development, testing and implementation of the project is carried out. 
The process of operation of the components of the system on the part of the end user and the process of deployment by the end user of the 
information system are described. The object of the study is the presence of slowing factors in the process of command and control carried 
out by commanders of tactical units, which can slow down decision-making and also affect their correctness. The subject of the study is to 
solve the problems of the appearance of slowing factors in the process of command and control carried out by commanders of tactical units, 
by means of work with military data. 

Keywords ɀ information system, natural language processing, term, abbreviation, text document. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʪʘ ʾʾ ʨʽʰʝʥʥʷ 

ʋ ʙʘʛʘʪʴʦʭ ʜʦʢʫʤʝʥʪʘʭ (D), ʦʩʦʙʣʠʚʦ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʝʟʥʘʡʦʤʽ ʪʝʨʤʽʥʠ (ʊ) 

ʪʘ ʘʙʨʝʚʽʘʪʫʨʠ (A). ʇʦʷʩʥʝʥʥʷ ʮʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ (ND) [1]. 

ɯʥʢʦʣʠ ʚ ʨʽʟʥʠʭ ND ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʽ ʧʦʷʩʥʝʥʥʷ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʘʤôʷʪʘʪʠ ʚʩʽ ʪʝʨʤʽʥʠ ʪʘ ʘʙʨʝʚʽʘʪʫʨʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤ ʜʦʢʫʤʝʥʪʽʚ D ʥʝʤʦʞʣʠʚʦ. ʇʦʪʨʽʙʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʙ ʥʘʜʘʚʘʣʘ ʧʦʷʩʥʝʥʥʷ 

ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ. ʅʘʧʨʠʢʣʘʜ ʧʽʜ ʯʘʩ ʥʘʾʟʜʫ ʤʠʰʢʦʶ ʥʘ ʪʝʨʤʽʥ ʯʠ ʘʙʨʝʚʽʘʪʫʨʫ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʡʦʛʦ 

ʧʦʷʩʥʝʥʥʷ ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ ʚʽʜʧʦʚʽʜʥʽ ʜʞʝʨʝʣʘ ʽʥʬʦʨʤʘʮʽʾ ND.  

ʊʝʨʤʽʥʠ ʪʘ ʘʙʨʝʚʽʘʪʫʨʠ ʨʘʟʦʤ ʬʦʨʤʫʶʪʴ ʧʝʚʥʠʡ ʩʣʦʚʥʠʢ S=TÇA. ɼʦʢʫʤʝʥʪʠ D, ʱʦ 

ʦʧʨʘʮʴʦʚʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ pdf ʬʦʨʤʘʪʽ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʙʽʟʥʝʩ-ʘʥʘʣʽʟʫ ʽʟ ʢʦʨʠʩʪʫʚʘʯʘʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ, ʥʘʤʠ ʚʠʟʥʘʯʝʥʦ ʪʘʢʽ ʚʠʤʦʛʠ ʜʦ 

ʩʠʩʪʝʤʠ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ: 

ǒ ʇʨʦʛʨʘʤʘ ʤʘʻ ʙʫʪʠ ʨʦʟʨʦʙʣʝʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Python + Tkinter + PyMuPDF.  

ǒ ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʠʥʥʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ 24 ʛʦʜʠʥʠ ʥʘ ʜʦʙʫ, 7 ʜʽʙ 
ʥʘ ʪʠʞʜʝʥʴ, 365 ʜʥʽʚ ʥʘ ʨʽʢ (ʟʘ ʫʤʦʚʠ ʙʝʟʚʽʜʤʦʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ).   

ǒ ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝ ʤʘʻ ʚʠʤʘʛʘʪʠ ʧʝʨʝʨʚ ʥʘ ʨʝʛʣʘʤʝʥʪʥʝ  ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ/ʘʙʦ ʨʝʟʝʨʚʥʝ 

ʢʦʧʽʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʩʪʫ. 
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ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʜʦʟʚʦʣʷʪʠ ʢʦʨʠʩʪʫʚʘʯʘʤ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ: 

 ɺʠʙʽʨ ʩʣʦʚʥʠʢʘ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ pdf ʬʘʡʣʫ ï ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʠʨʘʪʠ ʷʢ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʡʣ ʬʦʨʤʘʪʫ pdf, ʪʘʢ ʽ ʩʣʦʚʥʠʢ ʧʝʨʝʜ ʽʥʪʝʛʨʘʮʽʻʶ. 

 CSV ʩʣʦʚʥʠʢ ï ʢʦʨʠʩʪʫʚʘʯ ʤʘʻ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ CSV ʷʢ ʙʘʟʫ ʜʘʥʠʭ ʚʩʽʭ ʪʝʨʤʽʥʽʚ, 

ʘʙʨʝʚʽʘʪʫʨ ʪʘ ʾʭ ʚʠʟʥʘʯʝʥʴ. 

 ʅʦʪʘʪʢʠ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ï ʽʥʪʝʛʨʫʚʘʥʥʷ ʚ PDF ʥʦʪʘʪʦʢ ʟ ʚʠʟʥʘʯʝʥʥʷʤʠ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ, ʷʢʽ 

ʟ'ʷʚʣʷʶʪʴʩʷ ʧʨʠ ʥʘʚʝʜʝʥʥʽ ʚ ʧʨʦʛʨʘʤʘʭ-ʧʝʨʝʛʣʷʜʘʯʘʭ PDF. 

 ʌʦʨʤʫʚʘʥʥʷ ʬʘʡʣʫ ʚʭʽʜʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ï ʟʙʝʨʝʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʡʣ ʟ ʪʠʤ 

ʩʘʤʠʤ ʨʦʟʰʠʨʝʥʥʷʤ, ʱʦ ʽ ʚʭʽʜʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʡʣ. 

 ɿʙʝʨʽʛʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʩʣʦʚʥʠʢʘ ï ʧʨʠ ʥʘʩʪʫʧʥʦʤʫ ʚʭʦʜʽ ʚ ʧʨʦʛʨʘʤʫ ʦʩʪʘʥʥʽʡ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʩʣʦʚʥʠʢ ʙʫʜʝ ʚʠʙʨʘʥʠʡ ʘʚʪʦʤʘʪʠʯʥʦ. 

 ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʷ ʥʘ ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ. 

ʇʨʦʛʨʘʤʘ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʘʡʣʠ ʽʥʰʠʭ ʧʨʦʛʨʘʤ. ɿʦʢʨʝʤʘ PDF 

ʜʣʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʘʡʣʽʚ ʚ ʷʢʽ ʙʫʜʫʪʴ ʜʦʜʘʚʘʪʠʩʴ ʥʝʚʽʜʦʤʽ ʪʝʨʤʽʥʠ ʪʘ ʘʙʨʝʚʽʘʪʫʨʠ ʟʽ ʩʣʦʚʥʠʢʘ, ʘ ʩʣʦʚʥʠʢ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʤʘʻ ʨʦʟʰʠʨʝʥʥʷ CSV. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʣʦʚʥʠʢʘ ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʪʨʽʙʥʦ ʡʦʛʦ ʫʪʚʦʨʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʥʰʠʭ ʧʨʦʛʨʘʤ [2].  

ɼʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʽʘʛʨʘʤʫ ʩʪʘʥʽʚ (ʈʠʩ. 1). ɼʘʥʘ ʜʽʘʛʨʘʤʘ ʚʽʜʦʙʨʘʞʘʻ 

ʚʩʽ ʩʪʘʥʠ ʪʘ ʧʝʨʝʭʦʜʠ ʚ ʷʢʠʭ ʤʦʞʝ ʧʝʨʝʙʫʚʘʪʠ ʩʠʩʪʝʤʘ. 

 

 
 

ʈʠʩ. 1. ɼʽʘʛʨʘʤʘ ʩʪʘʥʽʚ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ 

 

ʉʠʩʪʝʤʘ ʤʽʩʪʠʪʴ ʜʚʘ ʟʦʚʥʽʰʥʽ ʦʙ'ʻʢʪʠ: ʢʦʨʠʩʪʫʚʘʯ ʪʘ ʧʨʦʛʨʘʤʘ. ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ (ʨʠʩ. 2) 

ʚʽʜʦʙʨʘʞʘʻ ʚʟʘʻʤʦʜʽʾ ʮʠʭ ʦʙ'ʻʢʪʽʚ. ʅʘ ʜʽʘʛʨʘʤʽ ʥʝ ʧʦʢʘʟʘʥʦ ʽʥʰʽ ʧʨʦʛʨʘʤʠ ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʽʥʬʦʨʤʘʮʽʡʥʠʡ 

ʬʘʡʣ ʯʠ ʬʦʨʤʫʶʪʴ ʩʣʦʚʥʠʢ ʪʘʢ ʷʢ ʜʣʷ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ 

ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʚʞʝ ʛʦʪʦʚʽ ʬʘʡʣʠ ʜʣʷ ʦʙ'ʻʜʥʘʥʥʷ. 

ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʚʭʽʜʥʽ ʜʘʥʽ. 
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ʈʠʩ. 2. ɼʽʘʛʨʘʤʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʠʚʽʘʪʫʨ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʬʘʡʣʘʤʠ ʪʘ ʩʣʦʚʥʠʢʘʤʠ. ʎʽ ʬʘʡʣʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʽ 

ʨʦʟʰʠʨʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʨʦʟʰʠʨʝʥʴ ʙʫʜʝ ʩʚʦʷ ʨʝʘʣʽʟʘʮʽʷ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʦʩʥʦʚʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʥʘ ʙʘʟʽ ʽʥʪʝʨʬʝʡʩʽʚ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʜʽʘʛʨʘʤʘ ʢʣʘʩʽʚ (ʨʠʩ. 3) [3]. ʄʦʞʥʘ ʜʦʧʠʩʫʚʘʪʠ 

ʨʽʟʥʫ ʨʝʘʣʽʟʘʮʽʶ ʽʥʪʝʨʬʝʡʩʽʚ IResource ʪʘ Idictionary, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚ ʤʘʡʙʫʪʥʴʦʤʫ ʨʦʟʰʠʨʶʚʘʪʠ 

ʧʨʦʛʨʘʤʫ ʜʣʷ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʪʠʧʽʚ ʬʘʡʣʽʚ [4]. 

 

 
ʈʠʩ. 3. ɼʽʘʛʨʘʤʘ ʢʣʘʩʽʚ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ 

 

 

ɺʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ 

ʆʩʦʙʣʠʚʽʩʪʶ ʩʠʩʪʝʤʠ ʻ ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ (NLP), ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʥʠ ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ 

ʫ ʨʽʟʥʠʭ ʚʽʜʤʽʥʢʘʭ ʪʦʱʦ. NLP ʧʦʻʜʥʫʻ ʢʦʤʧôʶʪʝʨʥʫ ʣʽʥʛʚʽʩʪʠʢʫ ï ʤʦʜʝʣʶʚʘʥʥʷ ʣʶʜʩʴʢʦʾ ʤʦʚʠ ʥʘ ʦʩʥʦʚʽ 

ʧʨʘʚʠʣ ï ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʤʦʜʝʣʷʤʠ ʤʘʰʠʥʥʦʛʦ ʪʘ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ [5]. ʈʘʟʦʤ ʮʽ ʪʝʭʥʦʣʦʛʽʾ 

ʜʦʟʚʦʣʷʶʪʴ ʢʦʤʧôʶʪʝʨʘʤ ʦʙʨʦʙʣʷʪʠ ʣʶʜʩʴʢʫ ʤʦʚʫ ʫ ʬʦʨʤʽ ʪʝʢʩʪʫ ʘʙʦ ʛʦʣʦʩʦʚʠʭ ʜʘʥʠʭ ʽ çʨʦʟʫʤʽʪʠè ʾʾ. 

ʆʙʨʦʙʢʘ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʚʢʣʶʯʘʻ ʜʚʘ ʧʽʜʭʦʜʠ: ʩʪʘʪʠʩʪʠʯʥʠʡ ʪʘ ʤʝʪʦʜʠ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ [6]. ɹʘʛʘʪʦ 

ʜʦʩʣʽʜʞʝʥʴ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ [7]. ʆʙʨʦʙʢʘ 

ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ ʻ ʥʝʦʙʭʽʜʥʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ 

ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ. ʋ ʩʠʩʪʝʤʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʧʝʚʥʠʭ ʩʣʽʚ ʪʘ ʩʣʦʚʦʩʧʦʣʫʯʝʥʴ ʜʣʷ 

ʾʭ ʧʦʰʫʢʫ, ʘ ʥʝ ʤʝʪʦʜʠ ʜʣʷ ʫʩʚʽʜʦʤʣʝʥʥʷ ʩʝʥʩʫ ʨʝʯʝʥʴ ʯʠ ʧʦʜʽʙʥʠʭ ʟʘʚʜʘʥʴ ʟ ʷʢʠʤʠ ʙʝʟʧʝʨʝʯʥʦ ʢʨʘʱʝ 

ʩʧʨʘʚʠʪʴʩʷ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. ɿʘʚʜʘʥʥʷ ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ. 

ʄʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʢʣʶʯʘʻ ʣʝʤʘʪʠʟʘʮʽʶ, ʤʦʨʬʦʣʦʛʽʯʥʫ ʩʝʛʤʝʥʪʘʮʽʶ, ʧʦʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥʠ ʤʦʚʠ ʪʘ 

ʩʪʝʤʽʥʛ. 
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ʃʝʤʘʪʠʟʘʮʽʷ ï ʟʘʚʜʘʥʥʷ ʚʠʜʘʣʝʥʥʷ ʣʠʰʝ ʬʣʝʢʪʠʚʥʠʭ ʟʘʢʽʥʯʝʥʴ ʽ ʧʦʚʝʨʥʝʥʥʷ ʙʘʟʦʚʦʾ ʩʣʦʚʥʠʢʦʚʦʾ 

ʬʦʨʤʠ ʩʣʦʚʘ, ʷʢʘ ʪʘʢʦʞ ʚʽʜʦʤʘ ʷʢ ʣʝʤʘ. ʎʝ ʱʝ ʦʜʠʥ ʧʨʠʡʦʤ ʨʝʜʫʢʮʽʾ ʩʣʽʚ ʜʦ ʾʭ ʥʦʨʤʘʣʽʟʦʚʘʥʦʾ ʬʦʨʤʠ. ɸʣʝ ʚ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʢʪʠʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʣʦʚʥʠʢ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʣʽʚ ʫ ʾʭ ʬʘʢʪʠʯʥʽʡ ʬʦʨʤʽ. 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ï ʨʦʟʜʽʣʝʥʥʷ ʩʣʦʚʘ ʥʘ ʦʢʨʝʤʽ ʤʦʨʬʝʤʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʤʦʨʬʝʤ. 

ʉʢʣʘʜʥʽʩʪʴ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʤʦʨʬʦʣʦʛʽʾ (ʪʦʙʪʦ ʩʪʨʫʢʪʫʨʠ ʩʣʽʚ) ʤʦʚʠ, 

ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ. ɸʥʛʣʽʡʩʴʢʘ ʤʦʚʘ ʤʘʻ ʜʦʩʠʪʴ ʧʨʦʩʪʫ ʤʦʨʬʦʣʦʛʽʶ, ʦʩʦʙʣʠʚʦ ʬʣʝʢʩʽʡʥʫ, ʽ ʪʦʤʫ ʯʘʩʪʦ ʤʦʞʥʘ 

ʧʦʚʥʽʩʪʶ ʽʛʥʦʨʫʚʘʪʠ ʮʝ ʟʘʚʜʘʥʥʷ ʽ ʧʨʦʩʪʦ ʤʦʜʝʣʶʚʘʪʠ ʚʩʽ ʤʦʞʣʠʚʽ ʬʦʨʤʠ ʩʣʦʚʘ (ʥʘʧʨʠʢʣʘʜ, çopen, opens, 

opened, openingè) ʷʢ ʦʢʨʝʤʽ ʩʣʦʚʘ. ʆʜʥʘʢ ʫ ʙʘʛʘʪʴʦʭ ʤʦʚʘʭ ʪʘʢʠʡ ʧʽʜʭʽʜ ʥʝʤʦʞʣʠʚʠʡ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʘ ʩʪʘʪʪʷ 

ʩʣʦʚʥʠʢʘ ʤʽʩʪʠʪʴ ʪʠʩʷʯʽ ʤʦʞʣʠʚʠʭ ʩʣʦʚʦʬʦʨʤ. 

ʇʦʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥʠ ʤʦʚʠ ï ʚʠʟʥʘʯʝʥʥʷ ʯʘʩʪʠʥʠ ʤʦʚʠ ʜʣʷ ʢʦʞʥʦʛʦ ʩʣʦʚʘ ʟʘ ʧʦʜʘʥʠʤ ʨʝʯʝʥʥʷʤ. 

ɹʘʛʘʪʦ ʩʣʽʚ, ʦʩʦʙʣʠʚʦ ʟʘʛʘʣʴʥʦʚʞʠʚʘʥʽ, ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʬʫʥʢʮʽʾ ʢʽʣʴʢʦʭ ʯʘʩʪʠʥ ʤʦʚʠ. ʅʘʧʨʠʢʣʘʜ, çbookè 

ʤʦʞʝ ʙʫʪʠ ʽʤʝʥʥʠʢʦʤ (çthe book on the tableè) ʘʙʦ ʜʽʻʩʣʦʚʦʤ (çto book a flightè); çsetè ʤʦʞʝ ʙʫʪʠ ʽʤʝʥʥʠʢʦʤ, 

ʜʽʻʩʣʦʚʦʤ ʘʙʦ ʧʨʠʢʤʝʪʥʠʢʦʤ; ʽ çoutè ʤʦʞʝ ʙʫʪʠ ʙʫʜʴ-ʷʢʦʶ ʟ ʧʨʠʥʘʡʤʥʽ ʧ'ʷʪʠ ʨʽʟʥʠʭ ʯʘʩʪʠʥ ʤʦʚʠ. 

Cʪʝʤʽʥʛ ï ʧʨʦʮʝʩ ʩʢʦʨʦʯʝʥʥʷ ʚʽʜʤʽʥʶʚʘʥʠʭ (ʘʙʦ ʽʥʦʜʽ ʧʦʭʽʜʥʠʭ) ʩʣʽʚ ʜʦ ʦʩʥʦʚʥʦʾ ʬʦʨʤʠ 

(ʥʘʧʨʠʢʣʘʜ, çcloseè ʙʫʜʝ ʢʦʨʝʥʝʤ ʜʣʷ çclosedè, çclosingè, çclosedè, çcloserè ʪʦʱʦ). ʉʪʚʦʨʝʥʥʷ ʢʦʨʝʥʽʚ ʜʘʻ 

ʪʘʢʽ ʞ ʨʝʟʫʣʴʪʘʪʠ, ʷʢ ʽ ʣʝʤʘʪʠʟʘʮʽʷ, ʘʣʝ ʨʦʙʠʪʴ ʮʝ ʥʘ ʦʩʥʦʚʽ ʧʨʘʚʠʣ, ʘ ʥʝ ʩʣʦʚʥʠʢʘ. 

ʎʽ ʚʩʽ ʤʝʪʦʜʠ ʙʫʜʫʪʴ ʛʨʘʪʠ ʢʣʶʯʦʚʫ ʨʦʣʴ ʚ ʘʣʛʦʨʠʪʤʘʭ ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʷʢʘ ʙʫʜʝ 

ʤʽʩʪʠʪʠʩʴ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʬʘʡʣʘʭ pdf. ʎʽ ʤʝʪʦʜʠ ʜʦʧʦʤʦʞʫʪʴ ʟʚ'ʷʟʘʪʠ ʩʣʦʚʥʠʢ ʟ ʪʝʢʩʪʦʤ ʥʘʚʽʪʴ ʪʦʜʽ, ʷʢʱʦ 

ʩʣʦʚʘ ʙʫʜʫʪʴ ʩʪʦʷʪʠ ʚ ʨʽʟʥʠʭ ʚʽʜʤʽʥʢʘʭ ʯʠ ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷʭ. 

ʇʨʦʛʨʘʤʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ ʧʝʨʝʜʙʘʯʘʻ ʦʧʨʘʮʶʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʩʣʦʚʥʠʢʘ ʷʢʘ ʟ'ʻʜʥʫʻ ʚʩʽ ʩʣʦʚʘ ʟ 

ʫʩʽʤʘ ʚʠʟʥʘʯʝʥʥʷʤʠ (ʨʠʩ. 4) [8]. 

 

 
ʈʠʩ. 4. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ 

 

ɸʣʛʦʨʠʪʤ ʦʪʨʠʤʫʻ ʥʘ ʚʭʽʜ ʜʘʥʽ ʩʣʦʚʥʠʢʘ ʚ ʪʝʢʩʪʦʚʽʡ ʬʦʨʤʽ ʟ ʤʝʪʦʶ ʧʝʨʝʪʚʦʨʠʪʠ ʮʽ ʜʘʥʽ ʥʘ 

ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʦʙ'ʻʢʪ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʤʦʜʝʣʴ ʩʣʦʚʥʠʢʘ ʟ ʷʢʠʤ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʧʨʦʛʨʘʤʘ. ɸʣʛʦʨʠʪʤ ʬʦʨʤʫʻ 

ʜʚʽ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʭʝʰ-ʪʘʙʣʠʮʽ ʜʣʷ ʢʣʶʯʽʚ (ʩʣʽʚ ʩʣʦʚʥʠʢʘ) ʪʘ ʚʠʟʥʘʯʝʥʴ (ʢʦʥʪʝʥʪʫ ʷʢʠʡ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʩʣʦʚʦʤ ʚ ʩʣʦʚʥʠʢʫ). ʋ ʩʣʦʚʥʠʢʫ ʤʦʞʝ ʙʫʪʠ ʜʝʢʽʣʴʢʘ ʚʠʟʥʘʯʝʥʴ ʜʣʷ ʜʝʢʽʣʴʢʦʭ ʪʝʨʤʽʥʽʚ. ɼʘʥʠʡ 

ʘʣʛʦʨʠʪʤ ʚʠʟʥʘʯʘʻ ʛʨʫʧʠ ʪʘ ʦʙ'ʻʜʥʫʻ ʩʫʪʥʦʩʪʽ ʜʣʷ ʫʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʚʠʟʥʘʯʝʥʴ ʦʜʥʦʛʦ ʪʝʨʤʽʥʫ ʯʠ 

ʩʣʦʚʦʩʧʦʣʫʯʝʥʥʷ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʽ ʦʙ'ʻʢʪʠ ʦʙ'ʻʜʥʫʶʪʴʩʷ ʚ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ. 
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ɺʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʫ 

ʇʨʦʛʨʘʤʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ ʧʝʨʝʜʙʘʯʘʻ ʨʦʙʦʪʫ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧ'ʶʪʝʨʽ. ʊʘʢʦʞ ʜʣʷ ʨʦʙʦʪʠ ʜʘʥʦʾ ʧʨʦʛʨʘʤʠ ʧʦʪʨʽʙʥʦ 

ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʬʦʨʤʘʪʘʤʠ ʬʘʡʣʽʚ PDF ʪʘ CSV. ɺʽʜʧʦʚʽʜʥʦ ʥʘʡʢʨʘʱʠʤ ʧʽʜʭʦʜʦʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʦʪʦʚʽ 

ʧʘʢʝʪʠ Python ʜʣʷ ʧʦʢʨʠʪʪʷ ʜʘʥʠʭ ʟʘʜʘʯ: Python + Tkinter + PyMuPDF. Python ʪʘʢʦʞ ʤʘʻ ʥʠʟʢʫ ʙʽʙʣʽʦʪʝʢ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʨʘʤʽʩʪʘʤ ʧʠʩʘʪʠ ʧʨʦʛʨʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʰʚʠʜʰʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ, 

ʥʘʧʨʠʢʣʘʜ TensorFlow ʽ Keras. Python ʤʘʻ ʙʘʛʘʪʦ ʬʨʝʡʤʚʦʨʢʽʚ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ, ʘʣʝ Tkinter ʻ ʻʜʠʥʠʤ 

ʬʨʝʡʤʚʦʨʢʦʤ, ʚʙʫʜʦʚʘʥʠʤ ʫ ʩʪʘʥʜʘʨʪʥʫ ʙʽʙʣʽʦʪʝʢʫ Python. Tkinter ʤʘʻ ʢʽʣʴʢʘ ʩʠʣʴʥʠʭ ʩʪʦʨʽʥ. ɺʽʥ 

ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ, ʪʦʤʫ ʪʦʡ ʩʘʤʠʡ ʢʦʜ ʧʨʘʮʶʻ ʚ Windows, macOS ʽ Linux. ɺʽʟʫʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʥʠʭ ʝʣʝʤʝʥʪʽʚ ʦʧʝʨʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʪʦʤʫ ʧʨʦʛʨʘʤʠ, ʩʪʚʦʨʝʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ Tkinter, ʚʠʛʣʷʜʘʶʪʴ ʪʘʢ, ʥʽʙʠ ʥʘʣʝʞʘʪʴ ʧʣʘʪʬʦʨʤʽ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʟʘʧʫʩʢʘʶʪʴʩʷ. 

ʎʝʡ ʬʨʝʡʤʚʦʨʢ Python ʥʘʜʘʻ ʽʥʪʝʨʬʝʡʩ ʜʦ ʥʘʙʦʨʫ ʽʥʩʪʨʫʤʝʥʪʽʚ Tk ʽ ʧʨʘʮʶʻ ʷʢ ʪʦʥʢʠʡ ʦʙôʻʢʪʥʦ-

ʦʨʽʻʥʪʦʚʘʥʠʡ ʨʽʚʝʥʴ ʟʚʝʨʭʫ Tk [9]. ʅʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ Tk ï ʮʝ ʢʨʦʩʧʣʘʪʬʦʨʤʥʘ ʢʦʣʝʢʮʽʷ çʛʨʘʬʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʢʝʨʫʚʘʥʥʷè, ʘʙʦ ʚʽʜʞʝʪʽʚ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʪʝʨʬʝʡʩʽʚ ʧʨʦʛʨʘʤ. PyMuPDF ð ʮʝ ʧʨʠʚôʷʟʢʘ Python 

ʜʣʷ MuPDF ðʟʘʩʽʙ ʧʝʨʝʛʣʷʜʫ PDF, XPS ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʥʠʛ, ʷʢʠʡ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʪʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ Artifex 

Software, Inc. MuPDF ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʬʘʡʣʽʚ ʫ ʬʦʨʤʘʪʘʭ PDF, XPS, OpenXPS, CBZ, EPUB ʽ FB2 

(ʝʣʝʢʪʨʦʥʥʽ ʢʥʠʛʠ), ʚʽʥ ʚʽʜʦʤʠʡ ʩʚʦʻʶ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʚʠʩʦʢʦʶ ʷʢʽʩʪʶ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɼʣʷ ʟʨʫʯʥʦʾ 

ʨʦʟʨʦʙʢʠ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʜʘʢʪʦʨ ʢʦʜʫ Visual Studio Code ʜʝ ʤʦʞʥʘ ʙʫʣʦ ʧʽʜʽʙʨʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʜʦʜʘʪʢʦʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʚ ʚʠʛʣʷʜʽ ʨʦʟʰʠʨʝʥʴ [10]. 

 

ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ 

ʇʝʨʝʜ ʨʦʟʨʦʙʢʦʶ ʧʨʦʝʢʪʫ ʙʫʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦ ʨʦʙʦʯʠʡ ʧʨʦʩʪʽʨ ʪʘ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʠʡ ʦʙ'ʻʢʪʥʦ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʧʽʜʭʽʜ ʷʢʠʡ ʜʦʙʨʝ ʚʠʩʚʽʪʣʝʥʠʡ ʚ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʛʨʘʤʘʭ ʨʦʟʨʦʙʣʝʥʠʭ ʥʘ Java [11]. ʊʘʢʦʞ 

ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʦ ʟʘʚʜʘʥʥʷ ʢʣʽʻʥʪʘ ʪʘ ʩʝʨʚʝʨʘ [12]. ʈʦʣʴ ʢʣʽʻʥʪʘ ʽ ʩʝʨʚʝʨʘ ʙʫʣʦ ʦʙ'ʻʜʥʘʥʦ ʚ ʻʜʠʥʫ ʧʨʦʛʨʘʤʫ ʟ 

ʛʨʘʬʽʯʥʠʤ ʽʥʪʝʨʬʝʡʩʦʤ ʪʘ ʨʦʙʦʪʦʶ ʟ ʜʘʥʠʤʠ ʷʢʘ ʟʘʟʚʠʯʘʡ ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʩʝʨʚʝʨʦʤ [13]. ɼʣʷ ʟʨʫʯʥʦʾ ʨʦʙʦʪʠ 

ʟ ʧʨʦʛʨʘʤʦʶ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʝʣʝʤʝʥʪʠ ʩʠʥʭʨʦʥʥʠʭ ʤʝʪʦʜʽʚ ʪʘ ʬʫʥʢʮʽʡ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʧʨʦʛʨʘʤ ʱʦ ʦʧʨʘʮʴʦʚʫʶʪʴ ʜʘʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ [14]. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ Python ʪʘ ʽʤʧʦʨʪʦʚʘʥʦ ʥʝʦʙʭʽʜʥʽ 

ʧʘʢʝʪʠ ʪʘʢʽ ʷʢ Tkinter, Fitz ʪʘ ʽʥʰʽ. ʊʘʢʦʞ ʧʝʨʝʜ ʨʦʟʨʦʙʢʦʶ ʢʦʜʫ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʧʨʦʪʦʪʠʧ ʚ ʽʥʩʪʨʫʤʝʥʪʽ 

ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʟʘʡʥʫ Figma (ʨʠʩ. 5). ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ ʟʨʫʯʥʠʡ ʽ ʢʨʘʩʠʚʠʡ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ 

ʧʨʦʛʨʘʤʠ. 

 

  
ʈʠʩ. 5. ɼʠʟʘʡʥ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

 

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʜʠʟʘʡʥʫ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʚʝʨʩʪʢʫ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʙʽʙʣʽʦʪʝʢʫ Tkinter. ʊʘʢʠʤ ʯʠʥʦʤ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʚʽʜʢʨʠʚʘʪʠ ʧʨʦʛʨʘʤʫ ʽ ʢʦʨʠʩʪʫʚʘʪʠʩʴ ʥʝʶ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ. 

ʇʨʦʛʨʘʤʘ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ ʤʘʻ ʦʜʥʝ ʚʽʢʥʦ ʜʣʷ ʚʟʘʻʤʦʜʽʾ ʢʦʨʠʩʪʫʚʘʯʘ ʟ ʧʨʦʛʨʘʤʦʶ (ʨʠʩ. 6) ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʬʦʨʤʫʚʘʥʥʷ 

ʩʣʦʚʥʠʢʘ ʚ ʣʶʙʽʡ ʟʨʫʯʥʽʡ ʧʨʦʛʨʘʤʽ ʷʢʘ ʜʦʟʚʦʣʷʻ ʝʢʩʧʦʨʪʫʚʘʪʠ ʜʘʥʽ ʟ ʪʠʧʦʤ CSV (ʨʠʩ. 7). ɼʘʥʠʡ ʬʘʡʣ, ʷʢ ʽ 

ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʡʣ ʟ ʪʠʧʦʤ PDF, ʙʫʜʝ ʟʘʚʘʥʪʘʞʫʚʘʪʠʩʴ ʚ ʧʨʦʛʨʘʤʫ ʜʣʷ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ.  
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ʈʠʩ. 6.  ɻʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʠ ʽʥʪʝʛʨʘʮʽʾ ʚ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʡʥʦ ʥʝʚʽʜʦʤʠʭ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ 

 

 
ʈʠʩ. 7.  ʉʣʦʚʥʠʢ ʪʝʨʤʽʥʽʚ ʪʘ ʘʙʨʝʚʽʘʪʫʨ  

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʚ ʢʦʨʠʩʪʫʚʘʯʘ ʥʘ ʢʦʤʧ'ʶʪʝʨʽ ʟ'ʷʚʣʷʻʪʴʩʷ ʢʦʧʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʬʘʡʣʫ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʜʘʥʠʤʠ, ʷʢʽ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʚ ʧʝʨʝʛʣʷʜʘʯʽ ʷʢ ʥʦʪʘʪʢʠ (ʨʠʩ. 8) [15]. ʊʘʢʠʤ ʯʠʥʦʤ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʧʝʨʝʛʣʷʜʘʪʠ ʜʦʢʫʤʝʥʪ ʙʝʟ ʟʘʡʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʢʦʣʠ ʮʷ ʽʥʬʦʨʤʘʮʽʷ ʟʥʘʜʦʙʠʪʴʩʷ, ʚʽʥ ʤʦʞʝ ʟʥʘʡʪʠ ʾʾ, ʥʘʚʽʚʰʠ 

ʢʫʨʩʦʨ ʥʘ ʚʽʜʧʦʚʽʜʥʠʡ ʪʝʨʤʽʥ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ [16]. 

 

 
ʈʠʩ. 8. ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʬʘʡʣ, ʱʦ ʛʝʥʝʨʫʻ ʩʠʩʪʝʤʘ 

 
ɺʠʩʥʦʚʢʠ 

ʋ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩ ʧʦʙʫʜʦʚʠ ʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʨʤʽʥʽʚ ʪʘ 

ʘʙʨʝʚʽʘʪʫʨ ʫ ʪʝʢʩʪʦʚʠʭ ʜʦʢʫʤʝʥʪʘʭ. ɿʘʚʜʘʥʥʷ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʦʩʢʽʣʴʢʠ ʪʘʢʘ 

ʧʨʦʙʣʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʯʘʩʪʦ ʚʠʥʠʢʘʻ ʫ ʚʽʡʩʴʢʦʚʽʡ ʩʬʝʨʽ. ʇʽʜ ʯʘʩ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚʨʘʭʦʚʘʥʦ ʪʝ, ʱʦ 

ʦʢʨʝʤʠʡ ʪʝʨʤʽʥ ʯʠ ʘʙʨʝʚʽʘʪʫʨʘ ʤʦʞʝ ʤʘʪʠ ʢʽʣʴʢʘ ʧʦʷʩʥʝʥʴ ʚ ʨʽʟʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. ɺʩʽ ʥʘʷʚʥʽ 

ʧʦʷʩʥʝʥʥʷ ʜʦʻʜʥʫʶʪʴʩʷ ʜʦ ʪʝʨʤʽʥʫ ʘʙʦ ʘʙʨʝʚʽʘʪʫʨʠ, ʱʦ ʚʨʘʭʦʚʘʥʦ ʫ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ʆʩʦʙʣʠʚʽʩʪʶ 

ʩʠʩʪʝʤʠ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʧʨʠʨʦʜʥʦʾ ʤʦʚʠ, ʦʩʢʽʣʴʢʠ ʪʝʨʤʽʥʠ ʤʦʞʫʪʴ ʟʫʩʪʨʽʯʘʪʠʩʷ ʫ ʨʽʟʥʠʭ 

ʚʽʜʤʽʥʢʘʭ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʘʥʦ ʛʦʪʦʚʽ ʧʘʢʝʪʠ Python ʜʣʷ ʧʦʢʨʠʪʪʷ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ: Tkinter, 

PyMuPDF ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. ʈʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʨʘʢʪʠʮʽ. 
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υυȟτ ϻȟ ́ ̨̖̃̉̅ ̨̐̌̏̚ ̨̍́̓̆̑́̌̔ ɀ ̎́ χȟφ ϻȢ ˑ̨̨̗̆̏̑̍́̊̎̕ ̨̃̌́̒̓̉̃̏̒̓ ̨̖̑̈̎̉ ̨̘̖̓̏̐̏̄̑́̎̉̕ ̨̠̅̌̎̏̋ ̏̓̑̉̍́̎̏̄̏ 
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̠̅̌ ̠̃̉̄̏̓̏̃̌̆̎̎ ̅̆̓́̌̆̊ ̖̃̆̑̔ ̠̃̈̔̓̓Ȣ  
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FORMATION OF LEATHER FILLED WITH MODIFIED  SYNTAN AND TANIDE CO MPOSITION  
 

The technology of manufacturing leather material for the upper of shoes from semi-finished chrome tanning obtained from raw 
cow hides been has been developed. The technology at the filling-plasticization stage involves the use of a syntane-tanide composition 
modified with alkylcarboxyethanolamine of aliphatic acids of fraction C7ɀ9. The filling and plasticizing composition includes syntan̆ BNS TU 
17-06-165-89 and mimosa extract tanids with a content of the main substance of 81.7%. The semi-finished product is plasticized with Fosfol 
L-1301 emulsion of Cromogenia Units, S.A., Spain. Chemical reagents in the structure of the material are fixed by potassium alum modified 
with sodium formate. All previous and subsequent processes and operations are performed according to the industrial technology of 
the enterprise "Chinbar". The resulting semi-finished product is characterized by a volumetric yield of 256 cm3/100 g of protein, a specific 
surface area of 71 m2/g, which are 8.0 and 11.0% higher than the industrial sample. 

Deformation properties of topographic areas and coefficients of uniformity of topographic areas of leather materials at loads of 
10.0 MPa and rupture were calculated. At the same time, a more effective characteristic of the homogeneity of the material structure is the 
uniformity factor at a load of 10.0 MPa. The leather material obtained by the experimental technology has a uniformly oriented structure 
with an arithmetic average coefficient of uniformity of 1.0, and the industrial material has a transversely oriented structure with an 
arithmetic average coefficient of uniformity of 0.83. The advantage of the experimental material over the industrial one in terms of the 
complex of physico-chemical and technological properties and the coefficient of uniformity increases the efficiency of its use for the 
manufacture of leather products. The obtained leather material meets the requirements of DSTU 2726-94 "Leathers for shoe uppers. 
Specifications". 

Key words:  chrome tanning semi-finished product, modification, filling, syntane-tanide composition, alkylcarboxyethanolamine, 
physical and chemical properties. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʫʯʘʩʥʽ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʰʣʷʭʦʤ ʧʦʩʪʘʜʽʡʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʾʾ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʙʘʛʘʪʦʚʽʢʦʚʦʛʦ, ʤʘʪʝʨʽʘʣʦʻʤʥʦʛʦ ʽ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʫʨʘʣʴʥʦʾ ʰʢʽʨʠ. ʇʨʠ 

ʮʴʦʤʫ, ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʧʨʦʮʝʩʫ ʥʘʧʦʚʥʝʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʪʘʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʘʧʦʚʥʝʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʜʫʙʣʝʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʪʘ ʡʦʛʦ ʢʦʥʩʦʣʽʜʘʮʽʷ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʘʜʛʝʟʽʡʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʩʽʪʯʘʩʪʠʤ ʽ ʩʦʩʦʯʢʦʚʠʤ ʰʘʨʘʤʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷʤ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʟʥʠʭ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ ʰʢʽʨʠ. ʎʝ ʦʩʦʙʣʠʚʦ ʤʘʻ ʟʥʘʯʝʥʥʷ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʰʢʽʨʠ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʮʠʬʽʯʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʦʙʫʤʦʚʣʝʥʠʭ ʦʩʦʙʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʠʨʦʢʠʡ ʘʩʦʨʪʠʤʝʥʪ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʟʽ ʩʧʝʮʠʬʽʯʥʦʶ ʨʝʘʢʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʽ ʚʧʣʠʚʦʤ 

ʾʭ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʽ ʪʨʫʜʥʦʱʽ ʧʦʚôʷʟʘʥʽ ʟ ʩʪʨʫʢʪʫʨʦʶ ʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʩʠʨʦʚʠʥʠ ʪʘ ʢʦʤʧʣʝʢʩʦʤ ʙʘʞʘʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʢʽʨʠ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 89 

ʚʠʷʚʣʷʻʪʴʩʷ ʦʙôʻʢʪʠʚʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʽ 

ʩʠʥʪʝʪʠʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʷʢ ʥʘ ʧʨʦʮʝʩ ʥʘʧʦʚʥʝʥʥʷ, ʪʘʢ ʽ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʡ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʧʨʦʮʝʩʘʭ ʬʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʰʢʽʨʷʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʶʪʴʩʷ ʛʣʠʙʦʢʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʽʩʣʷ ʡʦʛʦ ʢʠʩʣʦʪʥʦ-ʩʦʣʴʦʚʦʛʦ ʦʙʨʦʙʣʝʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʜʽʾ. ʊʘʢ, ʘʚʪʦʨʘʤʠ [1] ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʧʦʣʽʤʝʨ 

ʭʨʦʤ-ʧʦʣʽʝʪʠʣʝʥʛʣʽʢʦʣʴ ʤʝʪʠʣʦʚʦʛʦ ʝʩʪʝʨʫ ʘʢʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. 

ʇʨʠ ʮʴʦʤʫ ʧʦʣʽʤʝʨʥʘ ʯʘʩʪʠʥʘ ʢʦʤʧʣʝʢʩʫ ʙʣʦʢʫʻ ʡʦʥʽʟʦʚʘʥʽ ʘʪʦʤʠ ʭʨʦʤʫ ʽ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʜʠʬʫʟʽʶ ʫ 

ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɿʘ ʧʽʜʚʠʱʝʥʥʷ ʨʅ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʬʝʢʪʠʚʥʝ ʟʰʠʚʘʥʥʷ ʢʦʣʘʛʝʥʦʚʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʩʪʽʡʢʦʩʪʽ ʡ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʚʠʩʦʢʦʤʫ 

ʭʽʤʽʯʥʦʤʫ ʟʚôʷʟʫʚʘʥʥʽ ʭʨʦʤʫ. ɸʚʪʦʨʘʤʠ [2] ʜʦʩʣʽʜʞʝʥʦ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʘʤʬʦʪʝʨʥʦʛʦ 

ʧʦʣʽʫʨʝʪʘʥ/ʧʦʣʽʘʣʴʜʝʛʽʜʫ ʟ ʢʦʣʘʛʝʥʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʠ ʮʴʦʤʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʘʥʽʦʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ, 

ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʙʘʨʚʥʠʢʽʚ ʽ ʞʠʨʫʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʗʢ ʥʘʧʦʚʥʶʚʘʯ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʘʚʪʦʨʘʤʠ  ʨʦʙʦʪʠ 

[3] ʚʠʢʦʨʠʩʪʘʥʽ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʽ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʘʣʶʤʦʩʠʣʽʢʘʪ/ʘʢʨʠʣʦʚʠʡ ʧʦʣʽʤʝʨ. ɼʦʩʣʽʜʞʝʥʦ ʢʦʣʦʾʜʥʦ-

ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʦʛʦ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ 62ï295 ʥʤ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ï ʧʦʚʥʦʪʠ, ʥʘʧʦʚʥʝʥʦʩʪʽ ʡ ʤôʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʰʢʽʨʠ ʟ ʚʤʽʩʪʦʤ 5 % ʘʣʶʤʦʩʠʣʽʢʘʪʫ 

ʪʘ ʤʽʮʥʦʩʪʽ ʥʘ 7,7 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ 

ʩʠʣʽʢʘʪʽʚ, ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʘʢʨʠʣʦʚʠʤʠ ʧʦʣʽʤʝʨʘʤʠ [4] ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʝʬʝʢʪʫ ʨʦʟʜʽʣʝʥʥʷ 

ʤʽʢʨʦʬʽʙʨʠʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʽʩʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦ ʪʦʧʦʛʨʘʬʽʯʥʠʤ ʜʽʣʷʥʢʘʤ ʰʢʽʨʠ. ɸʚʪʦʨʠ [5] ʜʦʩʣʽʜʠʣʠ ʚʧʣʠʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʨʦʟʤʽʨʫ 

ʯʘʩʪʠʥʦʢ ʢʦʤʧʦʟʠʮʽʾ ʥʘʥʦ-SiO2/ʦʢʩʘʟʦʣʽʜʠʥ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʩʪʘʥʦʚʣʝʥʦ 

ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ ʥʘʚʽʪʴ ʟʘ ʚʠʪʨʘʪʠ ʤʝʥʰʝ ʥʽʞ 5 ʤʘʩ. % ʤʘʩʠ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɿ ʮʽʻʶ ʞ ʤʝʪʦʶ ʘʚʪʦʨʠ [6] ʚʠʢʦʨʠʩʪʘʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪ ʤʦʥʪʤʦʨʠʣʦʥʽʪʫ, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʮʠʩ-

13-ʜʝʢʦʟʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ, ʨʽʧʘʢʦʚʫ ʦʣʽʶ, ʝʪʠʣʝʥʜʽʘʤʽʥ ʪʘ ʙʽʩʫʣʴʬʽʪ ʥʘʪʨʽʶ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 8 % 

ʚʠʪʨʘʪʽ ʮʴʦʛʦ ʢʦʤʧʦʟʠʪʫ ʚʽʜ ʤʘʩʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʡ ʤôʷʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ 

ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʫʪʠʣʘʢʨʠʣʦʚʦʛʦ ʧʦʣʽʤʝʨʫ ʜʣʷ ʥʘʧʦʚʥʶʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ [7] ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣ ʧʽʜʚʠʱʝʥʦʾ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ 

ʤʽʮʥʦʩʪʽ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʘʢʨʠʣʦʚʠʭ ʢʦʧʦʣʽʤʝʨʽʚ ʨʽʟʥʦʛʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʦʚʥʝʥʦʾ 

ʰʢʽʨʠ [8]. ɺʩʪʘʥʦʚʣʝʥʦ ʤʘʢʩʠʤʘʣʴʥʝ ʧʽʜʚʠʱʝʥʥʷ ʝʣʘʩʪʠʯʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʪʠʣ- ʽ 

ʙʫʪʠʣʘʢʨʠʣʘʪʥʠʭ ʢʦʧʦʣʽʤʝʨʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʘʚʪʦʨʠ [9] 

ʚʚʘʞʘʶʪʴ ʧʨʦʜʫʢʪʠ ʙʽʦʭʽʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʚʽʜʭʦʜʽʚ ʰʢʽʨʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʋ [10] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʘʥʽʜʽʚ 

ʽ ʩʠʥʪʝʪʠʯʥʠʭ ʜʫʙʠʪʝʣʽʚ ʟ ʘʣʶʤʦʩʠʣʽʢʘʪʘʤʠ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʽ ʛʦʪʦʚʦʾ ʰʢʽʨʠ. 

ɺʠʛʦʪʦʚʣʝʥʽ ʟʨʘʟʢʠ ʝʣʘʩʪʠʯʥʠʭ ʰʢʽʨ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ ʧʽʜʚʠʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. 

ɸʚʪʦʨʘʤʠ [11] ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʪʘʥʽʜʽʚ ʭʥʠ ʽ ʤʽʤʦʟʠ ʥʘ ʢʦʤʧʣʝʢʩ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʭʨʦʤʦʚʠʭ ʰʢʽʨ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʥʽʜʠ ʭʥʠ ʚʠʷʚʣʷʶʪʴ ʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʘʥʘʣʦʛʽʯʥʫ  ʪʘʥʽʜʘʤ ʤʽʤʦʟʠ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʥʽʜʽʚ ʤʽʤʦʟʠ ʟ ʦʢʩʘʟʦʣʽʜʠʥʦʤ ʜʣʷ ʥʘʧʦʚʥʶʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʚʝʣʠʢʦʾ 

ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʘʚʪʦʨʘʤʠ [12] ʦʪʨʠʤʘʥʽ ʝʣʘʩʪʠʯʥʽ ʰʢʽʨʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʦʨʠʩʪʦʩʪʽ ʡ 

ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ ʰʢʽʨʠ. ʇʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʠʭʽʜ ʧʣʦʱʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʘʥʽʜʽʚ ʩʫʤʘʭʫ ʽ ʧʨʠʨʦʜʥʠʭ ʘʣʶʤʦʩʠʣʽʢʘʪʽʚ ʜʣʷ ʥʘʧʦʚʥʝʥʥʷ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ [13] ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʠʭ 

ʰʢʽʨ.  
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ʆʪʞʝ, ʢʦʤʧʣʝʢʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʩʪʘʜʽʾ ʥʘʧʦʚʥʶʚʘʥʥʷ-

ʜʦʜʫʙʣʶʚʘʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʥʪʝʪʠʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ 

ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʥʽʜʽʚ ʨʽʟʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ 

ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʘ ʨʦʙʦʪʠ: ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ  ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʧʨʠ ʥʘʧʦʚʥʝʥʥʽ ʡʦʛʦ 

ʩʪʨʫʢʪʫʨʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʦʾ ʢʦʤʧʦʟʠʮʽʾ, ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʘʣʢʽʣʢʘʨʙʦʢʩʠʝʪʘʥʦʣʘʤʽʥʦʤ 

ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ (ɸʂɽɸ ɸʂ). ɼʣʷ ʮʴʦʛʦ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: ʬʦʨʤʫʚʘʥʥʷ ʝʣʘʩʪʠʯʥʦʛʦ ʰʢʽʨʷʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ 

ʜʫʙʣʝʥʥʷ ʧʽʩʣʷ ʡʦʛʦ ʥʘʧʦʚʥʝʥʥʷ; ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʾ ʰʢʽʨʠ ʟʘ 

ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʜʽʣʷʥʢʘʤʠ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʢʽʨʷʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʽʜʨʦʪʝʨʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 107 Áʉ, ʦʪʨʠʤʘʥʠʡ ʥʘ ʇʨɸʊ çʏʠʥʙʘʨè ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ ʟ ʷʣʦʚʠʮʽ 

ʣʝʛʢʦʾ ʤʘʩʦʶ 13 ʢʛ ʪʦʚʱʠʥʦʶ 0,9ï1,1 ʤʤ. ʇʨʦʮʝʩ ʥʘʧʦʚʥʝʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ 

ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʶ ɸʂɽɸ ɸʂ   

ʜʝ R ï ʨʘʜʠʢʘʣ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ ʬʨʘʢʮʽʾ ʉ7ïʉ9. 
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ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʩʪʫʧʥʽ ʨʝʘʛʝʥʪʠ: ʧʨʦʤʠʩʣʦʚʘ ʚʦʜʘ; ʬʦʨʤʽʘʪ ʥʘʪʨʽʶ HCOONa ʊʋ ʋ 

3.50-14308351-74-95; ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʥʘʪʨʽʶ NaHCO3; ʧʨʦʜʫʢʪ ʚʟʘʻʤʦʜʽʾ 2-ʥʘʬʪʦʣʩʫʣʴʬʦʢʠʩʣʦʪʠ ʟ 

ʜʽʦʢʩʠʜʽʬʝʥʽʣʩʫʣʴʬʦʥʦʤ  ï ʩʠʥʪʘʥ ɹʅʉ ʊʋ 17-06-165-89; ʪʘʥʽʜʠ ʝʢʩʪʨʘʢʪʫ ʤʽʤʦʟʠ ʟ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʦʾ 

ʨʝʯʦʚʠʥʠ 81,7 %; ʝʤʫʣʴʩʽʷ Fosfol L-1301 ʢʦʤʧʘʥʽʾ Cromogenia Units, S.A., ɯʩʧʘʥʽʷ; ʙʘʨʚʥʠʢ ʘʥʽʦʥʥʠʡ ʯʦʨʥʠʡ 

ʂ; ʘʣʶʤʦʢʘʣʽʻʚʠʡ ʛʘʣʫʥ AlK(SO4)212H2O ʢʦʤʧʘʥʽʾ Allbiz, ʋʢʨʘʾʥʘ. ʅʘʧʦʚʥʝʥʠʡ-ʧʣʘʩʪʠʬʽʢʦʚʘʥʠʡ ʰʢʽʨʷʥʠʡ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟʘ ʧʨʦʤʠʩʣʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʚʠʨʦʙʥʠʮʪʚʘ ʰʢʽʨ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʧʨʦʚʦʜʷʪʴʩʷ ʟʘ ʤʝʪʦʜʠʢʘʤʠ [14] ʧʽʩʣʷ ʾʭ 

ʢʦʥʜʠʮʽʶʚʘʥʥʷ ʟʘ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚ. ɿʦʢʨʝʤʘ, ʛʽʜʨʦʪʝʨʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʰʢʽʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʟʫʘʣʴʥʦ ʟʘ 

ʝʬʝʢʪʦʤ ʧʦʯʘʪʢʫ ʩʢʦʨʦʯʝʥʥʷ ʟʨʘʟʢʘ ʫ ʚʦʜʥʦ-ʛʣʽʮʝʨʠʥʦʚʽʡ ʩʫʤʽʰʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʡʦʛʦ ʥʘʛʨʽʚʘʥʥʷ 2ï3 /̄ʭʚ. 

ʇʦʨʠʩʪʽʩʪʴ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ï ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʦʙôʻʤʫ ʧʦʨ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʚʽʘʮʽʡʥʦʛʦ ʛʘʩʫ, ʜʦ ʡʦʛʦ ʫʷʚʥʦʛʦ ʦʙôʻʤʫ; ʦʙôʻʤʥʠʡ ʚʠʭʽʜ ï ʟʘ ʦʙôʻʤʦʤ ʟʨʘʟʢʘ, ʱʦ ʤʽʩʪʠʪʴ 100 ʛ ʙʽʣʢʘ; 

ʧʘʨʦʧʨʦʥʠʢʥʽʩʪʴ ï ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʫʰʘʶʯʦʛʦ ʘʛʝʥʪʫ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʛʫʩʪʠʥʦʶ 1,84 ʛ/ʤʣ; 

ʧʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ ï ʟʘ ʦʙôʻʤʦʤ ʧʦʚʽʪʨʷ ʧʨʠ ʨʽʟʥʠʮʽ ʪʠʩʢʽʚ ʟ ʦʙʦʭ ʙʦʢʽʚ ʟʨʘʟʢʘ 1 ʢʇʘ; ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ï ʟʘ 

ʨʽʟʥʠʮʝʶ ʤʘʩ ʟʨʘʟʢʽʚ ʧʨʠ 100 % ʚʦʣʦʛʦʩʪʽ ʪʘ ʚʠʪʨʠʤʘʥʦʛʦ ʫ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ; ʧʠʪʦʤʘ ʧʦʚʝʨʭʥʷ ï ʟʘ 

ʩʦʨʙʮʽʻʶ ʧʘʨʽʚ ʚʦʜʠ.  

ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʤʦʜʝʣʽ ʈʊ-250ʄ ʟʘ ʰʚʠʜʢʦʩʪʽ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʘ 0,09 ʤĀʭʚï1. ʂʦʝʬʽʮʽʻʥʪʠ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʂʨ ʜʝʬʦʨʤʘʮʽʡ ʰʢʽʨʠ ʟʘ ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ 

ʜʽʣʷʥʢʘʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ ʚʽʜʥʦʰʝʥʥʷʤ ʟʥʘʯʝʥʴ ʧʦʧʝʨʝʯʥʠʭ ­ ʜʝʬʦʨʤʘʮʽʡ ʜʦ ʧʦʟʜʦʚʞʥʽʭ ¬ ʚʽʜʥʦʩʥʦ 

ʭʨʝʙʪʦʚʦʾ ʣʽʥʽʾ ʰʢʽʨʠ [15]. ʉʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʨʽʚʥʦʤʽʨʥʦʩʪʽ  ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʢʽʨʠ 

ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ ʂʨ ʯʝʧʨʘʢʘ, ʚʦʨʦʪʢʘ ʽ ʧʦʣ. ʊʦʚʱʠʥʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ 

ʰʢʽʨʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʽʢʨʦʤʝʪʨʦʤ ʤʘʨʢʠ ʊʈ 25-100 ʚ ʮʝʥʪʨʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ ʽ ʚʽʜʥʦʩʥʦ ʥʴʦʛʦ 

ʜʽʘʛʦʥʘʣʴʥʦ ʧʨʦʪʠʣʝʞʥʠʭ ʯʦʪʠʨʴʦʭ ʪʦʯʢʘʭ. ʇʣʦʱʘ ʰʢʽʨʠ - ʥʘ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʝʣʝʢʪʨʦʥʥʽʡ ʤʘʰʠʥʽ ʤʦʜʝʣʽ 

07484/ʈ1 ʬʽʨʤʠ Svit, ʏʝʭʽʷ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʙʽʦʩʠʨʦʚʠʥʠ ʥʝʨʽʚʥʦʤʽʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʥʘ ʩʪʘʜʽʾ ʥʘʧʦʚʥʶʚʘʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʠʬʽʢʦʚʘʥʘ 

ʩʠʥʪʘʥʥʦ-ʪʘʥʽʜʥʘ ʢʦʤʧʦʟʠʮʽʷ. ʈʽʜʠʥʥʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ 

ʇʨɸʊ çʏʠʥʙʘʨè ʫ ʙʘʨʘʙʘʥʽ ʬʽʨʤʠ Doze (ʅʽʤʝʯʯʠʥʘ) ʦʙôʻʤʦʤ 0,39 ʤ3 ʧʨʠ ʧʦʩʪʽʡʥʦʤʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʽ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 7ï8 ʭʚï1. ʇʨʠ ʮʴʦʤʫ ʦʙʨʦʙʣʷʻʪʴʩʷ ʜʚʘ ʟʨʘʟʢʠ ʷʣʦʚʠʮʽ ʣʝʛʢʦʾ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʧʣʦʱʝʶ ʧʦ 207 

ʜʤ2 ʟʘ ʥʘʚʝʜʝʥʦʶ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ (ʨʠʩ. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

ʇʨʠʤʽʪʢʘ. ɺʠʪʨʘʪʠ ʤʘʪʝʨʽʘʣʽʚ ʫ % ʤʘʩʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʙʘʛʘʪʦʩʪʘʜʽʡʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʧʦʚʥʝʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʾ 

 

ʇʨʦʤʠʚʘʥʥʷ 

ʚʦʜʘ 25ï27 ̄ ʉ ï 100 

32ï35 ̄ ʉ ï 100  

ʈʝʞʠʤ: ʧʦ 10ï15 ʭʚ 

 

 
ʅʝʡʪʨʘʣʽʟʘʮʽʷ 

ʚʦʜʘ 25ï27 ʉ̄ ï 100 

HCOONa ï 1,0; 10 ʭʚ 

+ NaHCO3 1,0 ʫ 2 ʧʨʠʡʦʤʠ 

ʟ ʽʥʪʝʨʚʘʣʦʤ 10ï15 ʭʚ  

 

ʇʨʦʤʠʚʘʥʥʷ 

ʚʦʜʘ 32ï35 ʉ̄ ï 100 

2 ʨʘʟʠ ʧʦ 10ï15 ʭʚ 

 

ʅʘʧʦʚʥʶʚʘʥʥʷ 

ʚʦʜʘ 32ï35 ʉ̄ ï 100 

ɸʂɽɸ ɸʂ ï 0,6 10 ʭʚ 

+ ʩʠʥʪʘʥ ɹʅʉ ï 1,2 

+ ʝʢʩʪʨʘʢʪ ʤʽʤʦʟʠ ï 5,0; 40 ʭʚ 

ʌʘʨʙʫʚʘʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʷ 

ʚʦʜʘ 32ï35 ʉ̄ ï 80 

ɸʂɽɸ ɸʂ ï 0,3; 5ï10 ʭʚ 

+ ʘʥʦ̔ʥʥʠʡ ʯʦʨʥʠʡ ʂ ï 1,5; 40 ʭʚ 

+ ʚʦʜʘ 90ï95 ̄ ʉ ʜʦ 52ï54 ̄ ʉ; 30 ʭʚ 

+ ʝʤʫʣʴʩʽʷ Fosfol L-1301 ï 6; 30 ʭʚ 

ʌʽʢʩʘʮʽʷ 

HCOONa ï 0,4  

+ AlK (SO4)212H2O ï 2,5; 25ï30 ʭʚ 

ʇʨʦʤʠʚʘʥʥʷ 

ʚʦʜʘ 52ï54 ʉ̄ ï 80 

23ï25 ʉ̄ ï 80; ʧʦ 10ï15 ʭʚ 

 

 
ʉʫʰʠʣʴʥʦ-ʟʚʦʣʦʞʫʚʘʣʴʥʽ  

ʪʘ ʦʟʜʦʙʣʶʚʘʣʴʥʽ  

ʧʨʦʮʝʩʠ ʽ ʦʧʝʨʘʮʽʾ 
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ʇʽʩʣʷ ʥʘʩʢʨʽʟʥʦʾ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʡ ʧʨʦʤʠʚʘʥʥʷ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘʥʽʜʽʚ ʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚ ʨʦʟʯʠʥ ʜʦʜʘʻʪʴʩʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʡ ʨʝʘʛʝʥʪ ɸʂɽɸ ɸʂ [16]. ʇʦʪʽʤ ʫ ʙʘʨʘʙʘʥ ʜʦʟʫʻʪʴʩʷ 

ʜʠʩʧʝʨʛʘʪʦʨ ɹʅʉ ʟ ʝʢʩʪʨʘʢʪʦʤ ʪʘʥʽʜʽʚ ʤʽʤʦʟʠ. ʅʘʩʪʫʧʥʝ ʬʘʨʙʫʚʘʥʥʷ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ 

ʩʚʽʞʦʤʫ ʨʦʟʯʠʥʽ ʟ ʝʛʦʣʽʟʘʪʦʨʦʤ ɸʂɽɸ ɸʂ ʽ ʜʦʜʘʚʘʥʥʷʤ ʙʘʨʚʥʠʢʘ ʫ ʩʫʭʦʤʫ ʚʠʜʽ. ɼʣʷ ʧʦʜʘʣʴʰʦʾ 

ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʞʠʨʫʚʘʣʴʥʘ ʝʤʫʣʴʩʽʷ ʩʢʦʨʠʛʦʚʘʥʘ ʛʽʜʨʦʢʩʠʜʦʤ ʘʤʦʥʽʶ ʯʠ 

ʨʦʟʯʠʥʦʤ ʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʜʦ ʨʅ 7,8ï8,2. ʌʽʥʽʰʥʘ ʩʪʘʜʽʷ ʥʘʧʦʚʥʶʚʘʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʟʘʚʝʨʰʫʻʪʴʩʷ ʧʨʠ ʨʅ 4,0ï4,2 ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʨʦʟʯʠʥʦʤ ʘʣʶʤʦʢʘʣʽʻʚʦʛʦ 

ʛʘʣʫʥʫ ʟ ʥʘʩʪʫʧʥʠʤ ʧʦʜʚʽʡʥʠʤ ʡʦʛʦ ʧʨʦʤʠʚʘʥʥʷʤ. ɻʦʪʦʚʘ ʰʢʽʨʘ ʦʪʨʠʤʫʻʪʴʩʷ ʧʽʩʣʷ ʩʫʰʠʣʴʥʦ-

ʟʚʦʣʦʞʫʚʘʣʴʥʠʭ ʽ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʝʨʘʮʽʡ ʟʘ ʧʨʦʤʠʩʣʦʚʦʶ ʪʝʭʥʦʣʦʛʽʻʶ.    

ʋ ʥʘʧʦʚʥʶʚʘʣʴʥʦ-ʧʣʘʩʪʠʬʽʢʘʮʽʡʥʠʭ ʧʨʦʮʝʩʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʥʠʭ ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʠʭ 

ʷʚʠʱ, ʧʦʚôʷʟʘʥʠʭ ʟ ʜʠʬʫʟʽʻʶ ʨʝʘʛʝʥʪʽʚ ʫ ʩʪʨʫʢʪʫʨʫ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ 

ʩʦʨʙʦʚʘʥʦʾ ʚʦʜʠ ʟʘʤʽʱʫʻʪʴʩʷ ʯʘʩʪʠʥʢʘʤʠ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ ʽ ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ 

ʚʽʜʢʣʘʜʘʶʪʴʩʷ ʫ ʤʽʞʬʽʙʨʠʣʷʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʧʝʨʝʚʘʞʥʦ ʫ ʢʨʫʧʥʠʭ ʧʦʨʘʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʟʘʻʤʦʜʽʾ ʯʘʩʪʠʥʦʢ ʞʠʨʦʚʦʾ ʝʤʫʣʴʩʽʾ ʟ ʢʦʣʘʛʝʥʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚʦʥʠ ʨʦʟʰʘʨʦʚʫʶʪʴʩʷ ʽ ʧʣʘʩʪʠʬʽʢʫʶʯʠʡ 

ʘʛʝʥʪ ʚʽʜʢʣʘʜʘʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʽʚ ʬʽʙʨʠʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ. ɺʦʜʥʦʯʘʩ ʮʝʡ ʧʨʦʮʝʩ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʟ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʦʩʥʦʚʥʦʾ ʯʘʩʪʠʥʠ ʥʝʟʚôʷʟʘʥʦʾ ʚʦʜʠ ʧʨʠ ʚʘʢʫʫʤʥʦʤʫ ʟʥʝʚʦʜʥʝʥʥʽ, ʩʦʨʙʦʚʘʥʘ ʯʘʩʪʠʥʘ 

ʨʝʘʛʝʥʪʽʚ ʧʝʨʝʰʢʦʜʞʘʻ ʤʽʞʬʽʙʨʠʣʷʨʥʽʡ ʚʟʘʻʤʦʜʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʙʝʨʝʞʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʾ ʧʦʨʠʩʪʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʨʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʰʢʽʨʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʘʛʣʦʤʝʨʘʮʽʾ ʤʘʢʨʦʤʦʣʝʢʫʣ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʡʦʛʦ ʧʦʩʪʫʧʦʚʦ ʟʥʝʚʦʜʥʶʶʪʴ ʜʦ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʥʝ ʤʝʥʰʝ 16 %. ʇʨʠ ʮʴʦʤʫ ʧʦʨʠʩʪʽʩʪʴ 

ʜʦʩʣʽʜʥʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʥʘʧʦʚʥʝʥʠʭ ʟʨʘʟʢʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 11,0 ʽ 9,0 % (ʪʘʙʣʠʮʷ 1) ʱʦʜʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʥʽ ʟʨʘʟʢʠ ʧʝʨʝʚʝʨʰʫʶʪʴ ʧʨʦʤʠʩʣʦʚʽ ʥʘ 3,5 %. ʎʝ 

ʩʪʦʩʫʻʪʴʩʷ ʪʘʢʦʞ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʥʘ 10,9 % ʻ ʙʽʣʴʰʦʶ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʟʨʘʟʢʘʤʠ. ɽʬʝʢʪʠ, 

ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʙʫʤʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʥʘʧʦʚʥʶʚʘʣʴʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʽ ʫʤʦʚʘʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

 

ʊʘʙʣʠʮʷ 1 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ 

ʇʦʢʘʟʥʠʢ 

ʅʘʧʽʚʬʘʙʨʠʢʘʪ 

ʭ
ʨ
ʦ
ʤ
ʦ
ʚ
ʦ
ʛ
ʦ
 

ʜ
ʫ
ʙ
ʣ
ʝ
ʥ
ʥ
ʷ

 ʥʘʧʦʚʥʝʥʠʡ 

ʜʦʩʣʽʜʥʠʡ ʧʨʦʤʠʩʣʦʚʠʡ 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ, ʄʇʘ 

ɺʠʜʦʚʞʝʥʥʷ ʧʨʠ 10 ʄʇʘ, % 

ɺʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, % 

ʇʦʨʠʩʪʽʩʪʴ, % 

ʇʠʪʦʤʘ ʧʦʚʝʨʭʥʷ, ʤ2/ʛ 

ʆʙôʻʤʥʠʡ ʚʠʭʽʜ, ʩʤ3/100 ʛ ʙʽʣʢʘ 

ʇʘʨʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʛ/(ʩʤ2Ŀʛʦʜ)  

ʇʦʚʽʪʨʦʧʨʦʥʠʢʥʽʩʪʴ, ʤʣ/(ʩʤ2Ŀʛʦʜ)  

15,6 

21,0 

33,0 

49,0 

52,0 

183,0 

12,2 

410,0 

18,0 

39,0 

58,0 

60,0 

71,0 

256,0 

14,3 

720,0 

17,5 

36,0 

61,0 

58,0 

64,0 

237,0 

13,8 

680 

 

ɸʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʙôʻʤʥʠʡ ʚʠʭʽʜ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʜʦʩʣʽʜʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ, ʱʦ ʧʝʨʝʚʝʨʰʫʻ ʧʨʦʤʠʩʣʦʚʽ ʟʨʘʟʢʠ ʥʘ 8,0 %. ʇʨʠ ʮʴʦʤʫ ʧʦʚʽʪʨʦ- ʽ ʧʘʨʦʧʨʦʥʠʢʥʽʩʪʴ ʜʦʩʣʽʜʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʪʘʢʦʞ ʜʦʩʷʛʘʶʪʴ ʚʠʱʠʭ ʟʥʘʯʝʥʴ. ʆʜʥʘʢ, ʫ ʟʚôʷʟʢʫ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʛʽʜʨʦʬʽʣʴʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ 

ʮʝʡ ʝʬʝʢʪ ʤʝʥʰʝ ʚʠʨʘʞʝʥʠʡ ʫ ʚʠʧʘʜʢʫ ʧʘʨʦʧʨʦʥʠʢʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʩʦʨʙʮʽʡʥʦ-ʜʝʩʦʨʙʮʽʡʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʜʠʬʫʟʽʾ ʤʦʣʝʢʫʣ ʚʦʜʠ ʯʝʨʝʟ ʩʪʨʫʢʪʫʨʫ ʰʢʽʨʷʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʚʽʜʯʠʪʴ ʪʘʢʦʞ ʧʨʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘʧʦʚʥʶʚʘʣʴʥʦ-

ʧʣʘʩʪʠʬʽʢʘʮʽʡʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʥʘ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ.  

ʆʪʞʝ, ʟʘ ʢʦʤʧʣʝʢʩʦʤ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʦʚʥʝʥʠʡ-ʧʣʘʩʪʠʬʽʢʦʚʘʥʠʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪ, 

ʦʪʨʠʤʘʥʠʡ ʟʘ ʜʦʩʣʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, ʧʝʨʝʚʝʨʰʫʻ ʧʨʦʤʠʩʣʦʚʽ ʟʨʘʟʢʠ, ʦʩʦʙʣʠʚʦ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢ 

ʦʙôʻʤʥʠʡ ʚʠʭʽʜ ʽ ʧʦʨʠʩʪʽʩʪʴ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʫʰʠʣʴʥʦ-ʟʚʦʣʦʞʫʚʘʣʴʥʠʭ ʽ ʦʟʜʦʙʣʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʧʝʨʘʮʽʡ ʥʘʧʦʚʥʝʥʦʛʦ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʦʪʨʠʤʘʥʦ ʰʢʽʨʷʥʠʡ ʤʘʪʝʨʽʘʣ. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦ ʪʦʧʦʛʨʘʬʽʯʥʠʤ ʜʽʣʷʥʢʘʤ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 2 ʽ 3. 

ɸʥʘʣʽʟ ʟʤʽʥʠ ʪʦʚʱʠʥʠ ʽ ʤʽʮʥʦʩʪʽ ʜʽʣʷʥʦʢ ʯʝʧʨʘʢʘ ʽ ʧʦʣ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʚʠʷʚʣʷʻ ʟʙʽʣʴʰʝʥʥʷ ʨʽʟʥʠʮʽ ʤʽʞ ʥʠʤʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʟʨʘʟʢʘʤʠ ʧʨʦʤʠʩʣʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʰʝ ʥʘʧʦʚʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʝʨʠʬʝʨʽʡʥʠʭ ʜʽʣʷʥʦʢ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ. ɺʽʜʧʦʚʽʜʥʦ ʮʴʦʤʫ ʨʽʟʥʠʮʷ ʤʽʞ 

ʛʨʘʥʠʮʷʤʠ ʤʽʮʥʦʩʪʽ ʯʝʧʨʘʢʘ ʽ ʧʦʣ ʻ ʤʝʥʰʦʶ ʫ ʤʘʪʝʨʽʘʣʫ ʜʦʩʣʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠ ʙʽʣʴʰʽʡ ʤʽʮʥʦʩʪʽ. 

ɺʦʜʥʦʯʘʩ ʦʪʨʠʤʘʥʘ ʰʢʽʨʘ ʟʘ ʜʦʩʣʽʜʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʤʘʻ ʙʽʣʴʰʠʡ ʚʠʭʽʜ ʧʣʦʱʽ ʥʘ 3,2 %. ɹʽʣʴʰ ʜʝʪʘʣʴʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʦʜʥʦʨʽʜʥʦʩʪʽ ʰʢʽʨʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟ ʘʥʘʣʽʟʫ ʨʦʟʧʦʜʽʣʫ 

ʜʝʬʦʨʤʘʮʽʡ ʟʘ ʨʽʟʥʠʤʠ ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʢʦʝʬʽʮʽʻʥʪʘʤ ʾʭ ʨʽʚʥʦʤʽʨʥʦʩʪʽ (ʪʘʙʣʠʮʷ 3).  
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ʊʘʙʣʠʮʷ 2 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʦʢʘʟʥʠʢ 
ʊʝʭʥʦʣʦʛʽʷ 

ʜʦʩʣʽʜʥʘ ʧʨʦʤʠʩʣʦʚʘ 

ʊʦʚʱʠʥʘ, ʤʤ 

    ʏʝʧʨʘʢ 

    ɺʦʨʦʪʦʢ   

    ʇʦʣʠ    

 

1,25 

1,31 

1,33 

 

1,19 

1,23 

1,24 

ɻʨʘʥʠʮʷ ʤʽʮʥʦʩʪʽ ʧʨʠ ʨʦʟʨʠʚʘʥʥʽ, ʄʇʘ     

    ʏʝʧʨʘʢ 

    ɺʦʨʦʪʦʢ   

    ʇʦʣʠ    

 

26,0 

24,1 

23,0 

 

22,8 

19,7 

19,0 

ɺʠʭʽʜ ʧʣʦʱʽ ʰʢʽʨʠ, % ʧʨʦʤʠʩʣʦʚʠʭ ʟʨʘʟʢʽʚ 103,2 100,0 

 

ʊʘʙʣʠʮʷ 3  

ɼʝʬʦʨʤʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʦʢʘʟʥʠʢ 

ɿʨʘʟʢʠ ʜʦʩʣʽʜʥʽ  ɿʨʘʟʢʠ ʧʨʦʤʠʩʣʦʚʽ  

ʦʨʽʻʥʪʘʮʽʷ  

 

ʦʨʽʻʥʪʘʮʽʷ 
 ­ ¬ ­ ¬ 

ɺʠʜʦʚʞʝʥʥʷ ʧʨʠ 10 ʄʇʘ, % 

    ʏʝʧʨʘʢ 

    ɺʦʨʦʪʦʢ  

    ʇʦʣʠ      

 

25,6 

26,9 

28,7 

 

24,8 

25,3 

29,1 

 

1,03 

1,06 

0,97 

 

29,7 

28,8 

31,6 

 

34,6 

36,2 

38,4 

 

0,86 

0,80 

0,82 

 
ʨ
ʂ

-

 
  1,02   0,83 

ɺʠʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ, % 

    ʏʝʧʨʘʢ 

    ɺʦʨʦʪʦʢ  

    ʇʦʣʠ    

 

59,1 

57,2 

59,6 

 

56,7 

58,6 

60,2 

 

1,04 

0,98 

0,99 

 

61,3 

60,1 

62,8 

 

67,8 

72,3 

74,2 

 

0,90 

0,83 

0,85 

 
ʨ
ʂ

-

 
  1,0   0,86 

 

ɺʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʷʤʢʫ ʜʝʬʦʨʤʫʚʘʥʥʷ 

ʟʨʘʟʢʽʚ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʷʭ 10 ʄʇʘ ʽ ʨʦʟʨʠʚʽ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʽʮʥʦʩʪʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʨʦʪʠʣʝʞʥʠʡ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʝʡ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʜʽʣʷʥʦʢ ʯʝʧʨʘʢʘ ʽ ʧʦʣ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʰʢʽʨʷʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʠʟʥʘʯʝʥʽ ʂʨ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ ʟʘ ʜʝʬʦʨʤʘʮʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ 10 ʄʇʘ ʽ ʨʦʟʨʠʚʽ ʜʣʷ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʥʦʛʦ ʪʘ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʪʝʨʽʘʣʽʚ ʟʤʽʥʶʶʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʠʤ ʯʠʥʦʤ. ʈʘʟʦʤ ʟ ʪʠʤ, ʙʽʣʴʰ ʦʙôʻʢʪʠʚʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʩʪʨʫʢʪʫʨʥʦ ʯʫʪʣʠʚʠʡ ʂʨ, ʚʠʟʥʘʯʝʥʠʡ ʧʨʠ ʥʘʧʨʫʞʝʥʦʩʪʽ 10 ʄʇʘ.  ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʱʽ ʟʥʘʯʝʥʥʷ ʂʨ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʽʣʷʥʦʢ ʜʦʩʣʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʦʤʠʩʣʦʚʠʤ 

ʟʨʘʟʢʦʤ. ʇʨʦ ʮʝ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʟʨʘʟʢʽʚ ʰʢʽʨʠ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴʩʷ ʧʨʠ ʨʦʟʢʨʦʶʚʘʥʥʽ ʤʘʪʝʨʽʘʣʫ. 

ʆʪʞʝ, ʜʦʩʣʽʜʥʠʡ ʰʢʽʨʷʥʠʡ ʤʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʠʤʠ ʜʝʬʦʨʤʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫ ʧʦʧʝʨʝʯʥʦʤʫ ʽ ʧʦʟʜʦʚʞʥʴʦʤʫ ʥʘʧʨʷʤʢʘʭ ʱʦʜʦ ʭʨʝʙʪʦʚʦʾ ʣʽʥʽʾ ʰʢʽʨʠ ʪʘ ʧʝʨʝʚʝʨʰʫʻ 

ʧʨʦʤʠʩʣʦʚʽ ʟʨʘʟʢʠ ʟʘ ʦʜʥʦʨʽʜʥʽʩʪʶ ʩʪʨʫʢʪʫʨʠ. ʎʝ ʜʘʻ ʧʽʜʩʪʘʚʠ ʚʚʘʞʘʪʠ ʝʬʝʢʪʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʪʨʠʤʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʙʽʣʴʰ ʦʨʽʻʥʪʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʽʚ ʧʨʠ 

ʩʢʣʘʜʥʠʭ, ʙʘʛʘʪʦʮʠʢʣʽʯʥʠʭ ʟʛʠʥʘʣʴʥʦ-ʨʦʟʛʠʥʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ. 

ɺʠʩʥʦʚʢʠ 
ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ ʟ ʩʠʨʦʚʠʥʠ ʷʣʦʚʠʮʽ 

ʣʝʛʢʦʾ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʥʘʧʦʚʥʶʚʘʥʥʷ-ʧʣʘʩʪʠʬʽʢʘʮʽʶ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʭʨʦʤʦʚʦʛʦ ʜʫʙʣʝʥʥʷ ʩʠʥʪʘʥʥʦ-

ʪʘʥʽʜʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ, ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʘʣʢʽʣʢʘʨʙʦʢʩʠʝʪʘʥʦʣʘʤʽʥʦʤ ʘʣʽʬʘʪʠʯʥʠʭ ʢʠʩʣʦʪ ʬʨʘʢʮʽʾ ʉ7ï9. 

ɺʠʟʥʘʯʝʥʦ ʢʦʤʧʣʝʢʩ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʪʨʠʤʘʥʦʛʦ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʧʝʨʝʚʝʨʰʫʻ ʧʨʦʤʠʩʣʦʚʠʡ ʟʨʘʟʦʢ. ɿʦʢʨʝʤʘ, %: ʟʘ ʤʽʮʥʽʩʪʶ ʥʘ 14ï21, ʦʙôʻʤʥʠʤ ʚʠʭʦʜʦʤ ʥʘ 8,0 ʽ ʚʠʭʦʜʦʤ 

ʧʣʦʱʽ ʥʘ 3,2. ɿʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʜʦʩʣʽʜʥʠʡ ʰʢʽʨʷʥʠʡ ʤʘʪʝʨʽʘʣ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʨʽʚʥʦʤʽʨʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʽʚʥʦʤʽʨʥʦʩʪʽ 1,0. 

ʇʨʦʤʠʩʣʦʚʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ ʧʦʧʝʨʝʯʥʦ-ʦʨʽʻʥʪʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʟ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ 0,83. ʉʧʨʠʷʪʣʠʚʘ ʧʝʨʝʚʘʛʘ ʜʦʩʣʽʜʥʦʛʦ ʰʢʽʨʷʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ ʦʨʽʻʥʪʘʮʽʻʶ ʩʪʨʫʢʪʫʨʠ 

ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟʽ ʰʢʽʨʠ. ʆʪʨʠʤʘʥʠʡ ʰʢʽʨʷʥʠʡ 

ʤʘʪʝʨʽʘʣ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ɼʉʊʋ 2726-94 çʐʢʽʨʠ ʜʣʷ ʚʝʨʭʫ ʚʟʫʪʪʷ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠè.  
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USE OF ONTOLOGY IN I NFORMATION SYSTEM TO  ASSIST IN THE FORMAT ION 

OF AN INDIVIDUAL EDU CATIONAL TRAJECTORY OF STUDENTS 
 
This work examines the problem of individual educational trajectory in Ukraine. During research, it was found that 

this issue is considered mainly from a theoretical aspect, which results in the lack of effective and convenient tools for practical 
implementations to solve the problem. The analysis of existing methods and means of solving the problem has been carried 
out. The results of the analysis indicate that the implemented information systems partially satisfy the needs of students in the 
formation of an individual trajectory. 

Objective. Develop an information system model to help in the formation of an individual educational trajectory for 
students of higher educational institutions, taking into account the needs of leading IT companies and students' inclinations. 
Aiding students in the formation of an IET is based on a set of recommendations formed based on student preferences. 

Method. To solve the problem information system model was developed, which uses two main modules to operate. 
First module allows its user to pass a career guidance test and second module provide the semantic algorithm to determine 
disciplines best suited for user based on his professional inclinations. Levenstein's algorithm using ontology was chosen as a 
semantic algorithm. 

Results. During research information system was developed which allows students to receive recommendation for 
formation of individual educational trajectory. Conducted experiments with random input data had shown the system is fully 
functional and performing its task. All operational aspects of the system are presented in this work using UML diagrams. 

Conclusions. Forming recommendations for an individual educational trajectory is a complex process that requires a 
significant amount of resources. The use of information technologies allows to simplify this process, and the development of an 
information system - to automate it and make it accessible. The implementation of the information system model made it 
possible to understand all the subtleties of the process of forming recommendations and ensure their accuracy. The operation 
of the information system was ensured by the use of two modules to determine the user's professional orientation and search 
for the appropriate discipline. The process of finding a discipline that will match the professional inclination of the user is 
based on work with semantics, for which the ontology was used. The use of ontology in the process of determining semantic 
proximity using the Levenshtein algorithm made it possible to obtain semantic units that are as close as possible to the 
student's professional inclinations and ensure the most accurate result when formulating recommendations. 

Keywords:  individual educational trajectory, information system, ontology, levenshtein distance. 
 

ɼʋɹɸʉ ʖʈɯʁ, ʂʋʅɸʅɽʎʔ ʅɸʊɸʃɯʗ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʆʅʊʆʃʆɻɯɰ ɺ ɯʅʌʆʈʄɸʎɯʁʅɯʁ ʉʀʉʊɽʄɯ ɼʃʗ ɼʆʇʆʄʆɻʀ ʋ ʌʆʈʄʋɺɸʅʅɯ 

ɯʅɼʀɺɯɼʋɸʃʔʅʆɰ ʆʉɺɯʊʅʔʆɰ ʊʈɸɭʂʊʆʈɯɰ ʉʊʋɼɽʅʊɯɺ 
 

ˠ ̨̗̊ ̨̑̏̂̏̓ ̠̤̝̠̑̏̈̄̌̅́̓̒ ̐̑̏̂̌̆̍́ ̠̏̑̍̔̃́̎̎̕ ̨̨̝̩̎̅̉̃̅̔́̌̎̏ ̨̝̩̏̒̃̓̎̏ ̨̤̩̓̑́̋̓̏̑ ̃ ˠ̨̩̋̑́̎Ȣ ˑ̨̟̝̠̏̒̌̅̇̔̓̒ 
̨̃́̑́̎̓̉ ̓́ ̈́̒̏̂̉ ̨̙̠̃̉̑̆̎̎ ̐̑̏̂̌̆̍̉ ̓́ ̠̤̝̠̑̏̈̄̌̅́̓̒ ̃̌́̒̎̆ ̨̙̠̑̆̎̎ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̨̖̓̆̎̏̌̏̄̊ ̓́ 
̨̩̏̎̓̏̌̏̄Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̝̎̅̉̃̅̔́̌̎́ ̨̠̏̒̃̓̎ ̨̤̠̓̑́̋̓̏̑ȟ ̨̨̗̎̏̑̍́̊̎́̕ ̒̉̒̓̆̍́ȟ ̨̠̏̎̓̏̌̏̄ȟ ̨̝̃̅̒̓́̎ ̙̌̆̃̆̎̓̆̊̎́Ȣ 

 

Problem overview 

The development of education is increasingly perceived as a condition and prerequisite for the qualitative 

development of the economy and the social sphere. Human capital plays an increasingly important role in the 

modern economy. This justifies the increase in budgetary investments in the education system. The complexity of 

human relations is increasing, which requires a new level of socialization of the younger generation. The complexity 

of the education system itself is increasing, which places new demands on teaching staff, their qualifications, and 

even on the quality of management in this area. 

At the same time, getting an education requires more and more public and private expenses. In poor and 

developing countries, this growth is due to an increase in children's and youth's access to education (it is becoming 

more accessible), in developed countries - to an increase in the quality and diversity of educational trajectories, and 

individualization of educational programs. 

In particular, the concept of Individual Education in Ukraine did not exist as such, and the corresponding 

law was only recently adopted. Recognition of the right of education seekers to an individual educational trajectory 

(IET) is one of the progressive innovations of the Law ñOn Educationò (2017), which provides for ña personal way 

of realizing the personal potential of an education seeker, which is formed taking into account his abilities, interests, 

needs, motivation, opportunities and experience, is based on the choice of the education seeker of types, forms and 
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pace of education, subjects of educational activity and educational programs offered by them, educational 

disciplines and their level of complexity, methods and means of educationò [1]. 

Such a law was necessary, because nowadays the priority goal is the development of competent specialists. 

Necessary qualities for such specialists are the ability for self-development and self-realization. Ensuring these 

factors is possible with an orientation to educational processes that involve taking into account the capabilities of 

each individual, their needs and freedom of choice. Thus, in our time, every student of education can expect to 

receive an education and choose an individual educational trajectory (IET). 

 

Analysis of recent sources 
Focusing on the problem of the formation of IET, we should, first of all, turn to sources that consider the 

process of implementing the functionality that could be used for its formation. This is due to the peculiarity of the 

concept of IET, which can be interpreted as follows: it's a personal path of personal development of the student's 

potential. This path is formed considering the abilities, interests, needs, motivation, abilities and experience of the 

applicant and is based on his chosen types, forms and pace of learning, educational programs, disciplines and their 

level of complexity, methods and teaching. An IET is also determined by an individual curriculum. 

Accordingly, for the implementation of IET, a tool is needed that will take into account the personal 

characteristics of the applicant, his interests, needs or motivation, as well as provide further advice on choosing the 

appropriate educational institution. 

Such a tool should be linked to the educational institution for better efficiency. The most common tools 

created for educational institutions are information systems, as their use in the fields of education is massive. This is 

due to the urgency of effective provision and organization of the education of pupils/students in the transforming 

education system, forming a new information mentality of all interested parties. Such rapid development requires 

constant monitoring and assessment of the state of the education system, which is based on the collection, 

processing of information, and analysis of educational data necessary to ensure the adoption of well-founded 

management decisions. 

Several researchers described and substantiated the use of modern information technologies in education. 

The conducted analysis showed that modern information technologies give students access to non-traditional 

sources of information, increase the efficiency of independent work, provide completely new opportunities for 

creativity, finding and consolidating professional skills [2]. 

If we return to the consideration of sources while thinking about the functional implementation, it is 

possible to single out works of S. Sharov, A. Bogdanov, and Sh. Danyla [3ï5]. 

Let us check the information system (IS) described in the work [3]. The process of formation of the 

trajectory is described as such, which involves the analysis of the curriculum of the specialty, familiarization with 

the annotations of the disciplines that are included in the curriculum, as well as the analysis of competencies that are 

formed in the process of studying specific disciplines [3]. The complexity of the process of forming an individual 

trajectory justifies the use of information systems to achieve results. 

When developing the IS, the authors set themselves several tasks, among which the most important are: 

¶ Creating a project of the structure of the IS. 

¶ Selection of tools for IS development. 

¶ Uploading official information about educational programs, users, etc. into the IS. 

The most important functions of IS include the following: 

¶ Creation, editing and approval of the curriculum for a specific educational program. 

¶ The student's choice of disciplines by choice from the list of courses by choice of the curriculum. 

¶ Formation of an individual study plan by the student. 

Worth mentioning that different information technologies, such as the PHP programming language and the 

MYSQL database were used in the development of IS. The created system was implemented in the form of an 

interface program with full functionality according to the described methodology. 

Another example is described in the article [4]. The information support system developed in this example 

is designed to help people who want to get an education for employment in creating IET, with the possibility of 

analyzing their current knowledge and skills and comparing them with the needs of the labor market [4]. The system 

is implemented using web technologies such as PHP and Javascript, and the design is developed using the Bootstrap 

framework. 

A main feature of the system is its modularity and openness, which allows for further expansion or 

temporary use of modules of other systems [4]. A total of seven modules were developed: 

¶ The main module (provides representative and general management functions). 

¶ Communication module (ensures the possibility of free expansion of the system). 

¶ The profession space module (ensures the possibility of registration and description of professions). 

¶ Knowledge module (allows you to accumulate and systematize a list of knowledge). 

¶ Module of skills (contains a list of possible usersô skills). 

¶ The knowledge determinant module (determines the level of professional knowledge of those seeking 

a profession). 

¶ The ability determiner module (helps in choosing professions based on the individual characteristics of 

a person's abilities). 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Part 1, Issue 2, 2023 (319) 96 

The analysis of these works showed that although the ISs were developed and performed the assigned tasks 

(formation of individual trajectories), none of them gives any recommendations when choosing disciplines and 

forming trajectories. All implemented systems only optimized the process of collecting and providing information to 

the user. Thus, when using such a system, the user is faced with a choice among dozens or even educational 

programs and disciplines without any help in their formation. Also, among the reviewed recommendation systems, 

the use of an ontological approach was not noticeable, which would allow obtaining more accurate results. 

The last IS taken for consideration from the article [5] describes a recommendation system for 

personalizing the learning path. During the development of the system, various web technologies were used, such as 

JavaScript, AngularJS, Bootstrap. NoSQL DB technology - MongoDB was used for data storage. The developed 

recommender system uses hybrid filtering with more active use of content filtering and less active use of 

collaborative filtering. The algorithm consists of analyzing the preferences and interests of students and finding 

appropriate educational materials. Searching for content occurs in various ways, which are separated into separate 

functions. These functions use the built-in logic for determining the recommended weight, which is presented in the 

form of a transition graph. As a result, recommendations for the user are shown with a list of twenty educational 

materials. The user also has the opportunity to find out why this particular discipline was recommended to him and, 

accordingly, decline the recommendations and receive a new one. 

Although this IS uses web technologies, which gives it certain advantages over other implementations, the 

algorithms used to determine and provide recommendations are far from what is necessary to solve the problem of 

IET formation. The input data for performing the analysis are the preferences of students and their interests, which is 

a meager amount of information in the process of forming IET. Such a limited analysis cannot be efficient and is 

unlikely to provide accurate results. 

The purpose of the work is: the creation of an information system model that will assist in the formation 

of IET with the use of ontology. 

Presentation of the main material 

During the literature review, it was concluded that currently there are no competent existing IS capable of 

assisting in the formation of IET, which would use web technologies and data analysis at the same time. The 

complexity of the data analysis process lies in the peculiarities of the formation of IET, namely, finding disciplines 

that would satisfy the student. For this, it is necessary to conduct a data analysis that would take into account the 

characteristics of the student and his professional inclinations and would select the appropriate disciplines from 

educational and professional programs. With such ideas, the IS model for formation of IET was developed with the 

use of ontology. Additionally, the process of assisting in IET formation in the system is ensured thanks to the 

following modules: 

1. Career orientation tests to determine the characteristics of students; 

2. Algorithm for determining the semantic proximity between studentôs characteristics and 

disciplines from educational and professional program with the use of ontology. 

There is also a system module that is responsible for creating a user profile and interaction between the IS 

and the database. Before considering the operation of each module in detail, it is necessary to determine the general 

characteristics and features of the system. In particular, the general scheme of the IS is shown in Fig. 1 

 

 
Fig. 1. General scheme of information system architecture 

 

The corresponding model of the IS can be presented in the form of a three-element tuple: 

 

, (1) 

 

where  = ï a set of subjects (agents) of the recommender system, where students who use 

the system, teachers who form the knowledge base, and teachers who form IET act as agents;  =  ï 

set of properties of agents,  =  ï set of relations between agents (interaction) inherent in the subjects 

of the information system 

The logic of the behavior of such agents is presented in the form of a graph of state transitions shown in 

Fig. 2 and reflects the process of forming IET: 
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1. Information system - Determines the behavior of the agent when using the system. The result of using 

the system is obtaining a list of necessary disciplines for the formation of IET. 

2. Ontology - Defines the behavior of the agent when forming the knowledge base, which is used to form 

the list of disciplines (when determining the linguistic assessment of test results). 

3. Individual educational trajectory - Determines the agent's behavior when forming it. The list of 

disciplines which will be included further, during formation of IET is obtained from the IS. 

 

 
Fig. 2. State transition graph of IS agents 

 

Accordingly, the following entities act as agents in IS: Student; the teacher who fills the database; the 

teacher who fills the Knowledge base. 

All agents interact with each other through the processes that ensure the formation of IET. Formally, the 

interaction of agents can be presented in the form of a graph shown in Fig. 3. 

 

 
Fig. 3. Interaction of agents in the IS 

 

With the interaction of agents in the system, we can proceed to an overview of the processes on which the 

system is based. For this, a diagram of the system activity was constructed, shown in Fig. 4. 
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Fig. 4. Activity diagram of IS 

 

In the process of performing its task, the IS uses three different tests to determine professional orientation. 

These tests offer the user (student) a number of questions to which he must provide an unambiguous answer (yes or 

no) or choose one of several answer options. 

In general, the system uses the following tests to determine professional aptitudes: 

¶ Questionnaire of professional orientation (QPO) of J. Holland [6, 7]. 

¶ Questionnaire of professional inclinations (QPI) of L. Yovaisha [8]. 

¶ Questionnaire for determining the type of profession (QDP) by E. Klimov [9ï11]. 

J. Holland's method determines the degree of connection of an individual with the field of professional 

activity to which he has natural inclinations. There are six types of professional environment: realistic, intellectual, 

social, conventional, entrepreneurial, artistic [6]. 

L. Jovaisha's questionnaire of professional inclinations is aimed at identifying tendencies to work in various 

spheres, such as: sphere of art (man-artistic image); sphere of technical interests (man-technique); sphere of work 

with people (person-person); the sphere of mental work (inclinations to mental activity); the sphere of physical work 

(inclinations towards mobile, physical work); the sphere of material interests (production and consumption of 

material goods, planning and economic activity) [8]. 

The questionnaire for determining the type of future profession according to the methodology of E. Klimov 

is based on the theory that when choosing a profession, a person directs his thoughts first of all to what he will work 

with, i.e., to the subject of work, then to what he will do with it, i.e., for the purpose of work. Based on this, Klimov 

proposed to classify professions according to the following characteristics: subject, purpose, tools and working 

conditions [9ï11]. 
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Passing each test allows you to get a result in the form of a professional type of student. Next, the student is 

asked to choose one of the three professional types that were determined by the tests. A student can retake the test if 

he is not satisfied with the results. If he is satisfied, data is saved in the user profile, which is stored in the database 

of the recommendation system. The results of the test are professions that are available in the National Classifier of 

Professions. This will avoid ambiguity when receiving a result from three different sources and provide more 

accurate results if the user can choose what he likes best.  

The professional type assigned to the student must be compared in terms of its compliance with the 

disciplines from DB and KB. The process of comparing these data is based on the definition of semantic proximity 

between words. 

Semantic proximity is determined using the ontology in the developed IS. Using ontology is an option to 

prevent ambiguities, facilitate the implementation of sub-categories, and obtain more accurate results. Such 

advantages are caused by difficulties in structuring and systematizing data elements that meet the needs of the user. 

Ontology is a detailed formalization of some domain of knowledge, presented with the help of a conceptual 

scheme. Such a scheme consists of a hierarchical structure of concepts, relationships between them, theorems and 

restrictions that are adopted in a certain software [12]. 

The ontology used in the work consists of keywords that correspond to disciplines from the work programs 

of courses in a higher education institution. The formal model of such ontology can be presented as follows: 

 

, (2) 

 

where  are terms of the subject area (discipline);  ï the relationship between them (depends on 

educational and professional programs);  ï interpretation functions (weight of disciplines assigned according to 

various criteria). 

In general, ontologies are also defined as a knowledge base of a special kind, or as a ñspecification of 

conceptualizationò of a subject area. The concept of a knowledge base is different from a database, as it operates on 

knowledge, not data. The difference between knowledge and data is that data is only a form of representation of 

knowledge, that is, knowledge is a much deeper and broader concept. 

In this research, Levenshtein algorithm [13] was chosen to search for relevant concepts in the ontology for 

semantic similarity with the professional type assigned to the student. This algorithm allows to determine the 

minimum number of insertion, deletion and replacement operations necessary to transform one sequence of 

characters into another.  

For the correct operation of the algorithm, it is necessary to obtain an ontological description of educational 

and professional programs and corresponding selective disciplines. The search and obtaining of the ontological 

description is carried out using the syllabus obtained from the website of the National University ñLviv 

Polytechnicò. 

Also, it is necessary to convert the received professional inclination into appropriate professions. Dozens of 

different professions fall under each personality type defined in the test. Thus, there is an additional need to limit the 

number of professions that are given as inputs to the algorithm. To do this, you can offer the student to make a 

choice from those professions that he likes the most. Next, each of the professions chosen by the student must be 

broken down into concepts that describe the professions. The need to use such plurals for professional description is 

due to semantic ambiguity and limitations when directly comparing the names of professions with the elements of 

the ontological presentation of the content of the disciplines 

After the actions described above, we calculate the measure of semantic closeness. Formally, the algorithm 

looks like this: let the given set be  = , where  is a profession obtained after student passed the career 

guidance test. Initially, the list of professions was larger, but later it was reduced to several professions, according to 

the student's choice. Next, for each element of , we create a subset, for example, such subset would look like  = 

, where  is a concept that describe profession. 

We conduct similar preparation with the ontology: the set  = , where  is a discipline 

from the educational and professional program. Any educational and professional program has dozens of disciplines, 

even if limited only to selective ones. The ontological description of such disciplines is presented in the form of 

keywords (concepts), so we present each discipline as a set  = , where  is a keyword describing the 

discipline. 

Then, with the algorithm at hands, we would perform following steps (in terms of using IS): 

1. We perform calculations to determine the semantic distance between each element of  and  using 

the Levenshtein algorithm; 

2. Pairs of words, the numerical value of the distance between which is less than 3, are considered 

semantically close; 

3. For the chosen educational and professional program, we proceed to the comparison of its disciplines 

with professions; 

4. We calculate the distance between elements of  and . 

5. If the obtained numerical value of the distance is less than 3, we consider the discipline to which one of 
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the compared concepts belongs, semantically close to the profession keyword . We repeat the process 

of calculating the distance until the disciplines end. 

6. We record the received disciplines in the list and recommend the user to include them in an IET. 

It is worth noting that the third step of the algorithm depends on the user's actions. After completing the 

first two steps of the algorithm, the user will be presented with a list of the most semantically relevant educational 

and professional programs. From this list, he should choose only one that he likes more. 

We will conduct test calculations with random input data for a better understanding of the process. Suppose 

after user has passed the career guidance test, the system received the following set of professions: = financier, 

logistician, IT specialist, economist, physicist. Relevant subsets of these professions: 

¶  = finance, management, strategy, finance specialist. 

¶  = logistics, management, systems, processes. 

¶  = programming, computer engineering, software, computer systems. 

¶  = economy, business processes, business development, economic system. 

¶  = physics, nanomaterials, nanoelectronics, energy. 

The set of educational and professional programs is unchanged and is obtained from the website of the 

National University ñLviv Polytechnicò. The situation is similar with the disciplines, but it is worth noting that in the 

algorithm, as well as in the work, the main emphasis is placed on the selective components of the educational and 

professional program. 

For test calculations, we will choose the following set of educational and professional programs (a random 

sample is limited to a few options for clarity and a simplified presentation of the algorithm's work). Also, for more 

accurate operation of the algorithm, in some cases, it is necessary to break the phrase into separate words: 

 = journalism, science of law, system programming, metallurgy, international economic relations. 

Next, we calculate the distance between the descriptive words of the first profession and the first 

educational and professional program from the list according to the Levenshtein algorithm. The first educational 

program has the following keywords: text, communication, speech, dialog. Distance calculation: 

¶ Distance between ñfinanceò and ñtextò = 7. 

¶ Distance between ñmanagementò and ñtextò = 8. 

¶ Distance between ñstrategyò and ñtextò = 6. 

¶ Distance between ñspecialistò and ñtextò = 8 

According to the results of calculations, the considered pairs of concepts are not semantically close. We 

couldnôt find a pair. Proceed with the next keyword: 

¶ Distance between ñfinanceò and ñcommunicationò = 11. 

¶ Distance between ñmanagementò and ñcommunicationò = 11. 

¶ Distance between ñstrategyò and ñcommunicationò = 11. 

¶ Distance between ñspecialistò and ñcommunicationò = 10. 

Similar results were obtained when comparing with the rest of the keywords. No semantic similarity was 

found. Let's move on to the comparison with the next educational and professional program ñScience of lawò. This 

program is written with the following keywords: jurisprudence, legal system, legal space, humanization. Distance 

calculation: 

¶ Distance between ñlogisticsò and ñjurisprudenceò = 10. 

¶ Distance between ñmanagementò and ñjurisprudenceò = 11. 

¶ Distance between ñsystemsò and ñjurisprudenceò = 11. 

¶ Distance between ñprocessesò and ñjurisprudenceò = 10. 

The result is similar with the rest of the keywords, the semantic similarity has not been proven. We 

continue the comparison until we get a value that does not exceed the number of three. This value was obtained by 

comparing with the keywords of the educational and professional program ñSystem Programmingò. Keywords are 

next: computer engineering, software engineering, system programming, system software, computer systems and 

networks, system software tools. The corresponding comparisons according to the Levenshtein algorithm: 

¶ Distance between ñprogrammingò and ñsystemò = 10. 

¶ Distance between ñprogrammingò and ñprogrammingò = 1. 

¶ Distance between ñcomputer engineeringò and ñcomputer engineeringò = 1. 

¶ Distance between ñsoftwareò and ñsystemò = 6. 

¶ Distance between ñsoftwareò and ñsoftwareò = 1. 

¶ Distance between ñcomputer systemsò and ñcomputer systemsò = 1. 

¶ Distance between ñcomputer systemsò and ñnetworksò = 14. 

Having received four semantically close keywords at once, the system enters this educational and 

professional program into the list for further recommendation to its user. 

In a similar way, the semantic similarity with the educational and professional program ñInternational 

Economic Relationsò was determined. To continue the experiment with test data, it is necessary to simulate the 

user's choice between two educational programs. 

Letôs say, the student chooses an educational and professional program called ñSystem Programmingò. 
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Then, consider the set of disciplines of this program with keywords: 

¶ Designing operating systems, utilities and drivers = developing systems/utilities/drivers, designing 

systems/utilities/drivers, debugging systems/utilities/drivers, improving systems/utilities/drivers. 

¶ Technologies of parallel programming = multiprocessor systems, parallel programming, parallel 

computing, message passing system. 

¶ Directions of research and development of system programming = system programming, programming 

research, programming development. 

¶ Research and design of network operating systems = operating systems, administration tasks, software 

for automated systems, analysis of operating systems, web server performance. 

¶ Parallel programming of high-performance computer systems = parallel programming, high-

performance information systems, high-performance systems architecture, high-performance software. 

An example of calculating the distance between the keywords of the profession ñIT specialistò and the 

optional disciplines of the educational program ñSystem programmingò: 

¶ Distance between ñprogrammingò and ñdevelopingò = 8. 

¶ Distance between ñprogrammingò and ñdesigningò = 8. 

¶ Distance between ñprogrammingò and ñdebuggingò = 8. 

¶ Distance between ñprogrammingò and ñsystemsò = 10. 

¶ Distance between ñprogrammingò and ñmultiprocessorò = 13. 

¶ Distance between ñprogrammingò and ñparallelò = 8. 

¶ Distance between ñprogrammingò and ñprogrammingò = 0. 

¶ Distance between ñprogrammingò and ñcomputingò = 7. 

¶ Distance between ñprogrammingò and ñresearchò = 9. 

¶ Distance between ñprogrammingò and ñsoftwareò = 10. 

¶ Distance between ñprogrammingò and ñautomatedò = 10. 

¶ Distance between ñprogrammingò and ñoperatingò = 6. 

¶ Distance between ñprogrammingò and ñhigh-performanceò = 13. 

¶ Distance between ñprogrammingò and ñarchitectureò = 11. 

¶ Distance between ñprogrammingò and ñinformationò = 9. 

According to the results of calculations, we get the following pairs of words, which can be considered 

semantically close: 

¶ ñprogrammingò and ñprogrammingò. 

¶ ñsystemsò and ñsystemsò. 

¶ ñsoftwareò and ñsoftwareò. 

Key words from the obtained word pairs belong to the disciplines ñDirections of research and development 

of system programmingò, ñParallel programming of high-performance computer systemsò and ñTechnologies of 

parallel programmingò. Accordingly, we can recommend these disciplines from the educational and professional 

program ñSystem programmingò for inclusion in the student's IET. 

If the user is not satisfied with the recommendations received, he can take the test again and start the 

process of generating recommendations again. If the results suit the user, they will be formed in the form of a 

recommendatory list of disciplines. The user can then send the results obtained to any external service for the further 

aid in formation of IET. 

 

Conclusions 

The article analyzed the current scientific task of forming an IET, considered existing examples of solving 

the problem, and proposed a way to solve it in the form of an IS model for forming IET. During the research, 

information system with the use of ontology was developed. It was tested with random input data, which 

demonstrated high accuracy of the results 

The scientific novelty of obtained results is that the ontology was used in the development of information 

system. The peculiarities of the problem of generating recommendations for an individual trajectory require not the 

data filtering tool used in most recommender systems, but a powerful semantic basis for the selection and search of 

disciplines that satisfy the student. Such a tool can be considered an ontology of keywords belonging to selective 

disciplines in educational and professional programs. 

The practical significance of obtained results is that the information system for the formation of 

recommendations was developed. The conducted test calculations demonstrated the high accuracy of the data 

selection and search process for the formation of recommendations, which was achieved thanks to the use of the 

ontology. 

Prospects for further research will be directed to the modification of the algorithm for determining semantic 

proximity, use of additional tools to increase recommendation accuracy even more and the practical implementation 

of the IS. It is planned to use web technologies to ensure relevance, availability and uninterrupted operation of the 

system. 
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DEVELOPMENT OF THE C OMPOSITION OF THE ME DICAL AND PREVENTIVE  TOOTHPASTE WITH 

EXTRA CT OF SAGE, JUNIPER AND CHAMOMILE  
 

Currently, the trend in the cosmetics industry is to produce natural, ecological products with the preservation of the most 
complete set of components of the raw materials. The work is devoted to the development of the composition of therapeutic and preventive 
toothpaste with ˞ 2̨ extracts of sage, chamomile and juniper. The extracts included in the toothpaste formulation were obtained using 
supercritical carbon dioxide extraction. In order to choose the optimal conditions for the extraction, we found out the influence of the 
technological modes of the process on the composition of the extracts. For this purpose, at the first stage, a series of studies on the 
dependence of the quantitative yield of extracts on pressure was carried out. On the basis of experimental data, the optimal conditions for 
supercritical fluid extraction were determined. At the second stage of the research, the influence of temperature on the composition of 
supercritical fluid extracts of sage was studied, which made it possible to determine the temperature parameter of the process. The optimal 
ratio of extracts in the composition of therapeutic-prophylactic toothpaste has been established. 

The next stage of research was the selection of the base of the toothpaste, namely an abrasive component that combines a high 
cleaning capacity with a low abrasion capacity and a thickener (Blanose 7M3 IF). To determine the composition of the toothpaste base, the 
rheological characteristics of seven formulations of the base, which was obtained from an abrasive component, a thickener, and glycerin, 
were determined. 

The toothpaste system is an emulsion-suspension, which during storage can excessively thicken or delaminate, therefore, in order 
to predict the stability of the rheological properties of the paste, we conducted experiments on the storage of the toothpaste base at a 
ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ φωЌ# ÆÏÒ υȢω ÍÏÎÔÈÓȢ 4ÈÅ ×ÏÒË ÓÈÏ×Ó ÔÈÁÔ ÔÈÅ ÂÁÓÅ ÏÆ ÔÈÅ ÔÏÏÔÈÐÁÓÔÅ ÁÃÑÕÉÒÅÓ ÉÎÄÉÃÁÔÏÒÓ ÏÆ ÃÏÎÓÔÁÎÔ ÖÉÓÃÏÓÉÔÙ on the 13-14th 
day from the moment of release. 

As a result of the work carried out, a formulation of toothpaste for therapeutic and preventive purposes was developed. In order to 
confirm the quality of the finished cosmetic product, we examined it according to physic-chemical indicators, namely, appearance, color, 
smell, taste and hydrogen index (pH). 

Keywords: ˞ 2̨ extract of sage, chamomile and juniper, therapeutic and preventive toothpaste, viscosity, acid number, extraction. 

 

ɺʩʪʫʧ 

ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ ʢʦʩʤʝʪʠʯʥʠʭ ʚʠʨʦʙʽʚ ʟ 

ʚʠʩʦʢʦʶ ʩʧʦʞʠʚʯʦʶ, ʙʽʦʣʦʛʽʯʥʦʶ ʮʽʥʥʽʩʪʶ ʪʘ ʪʨʠʚʘʣʠʤ ʪʝʨʤʽʥʦʤ ʟʙʝʨʽʛʘʥʥʷ ʻ ʥʘʡʧʝʨʝʩʧʝʢʪʠʚʥʽʠhʤ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʢʦʩʤʝʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿ ʮʴʦʛʦ ʧʨʠʚʦʜʫ ʥʘʡʙʽʣʴʰʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ 

ʚʠʨʦʙʠ, ʱʦ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʛʽʛʽʻʥʠ ʧʦʨʦʞʥʠʥʠ ʨʦʪʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʞʝʥ ʜʝʥʴ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʪʘʪʫʩʫ ʟʫʙʥʦʾ ʧʘʩʪʠ ʷʢ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʚʠʨʦʙʫ ʥʝʦʙʭʽʜʥʘ ʘʢʪʫʘʣʽʟʘʮʽʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʪʘ 

ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʩʢʣʘʜʫ ʜʘʥʠʭ ʚʠʨʦʙʽʚ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʦʰʫʢʫ ʥʦʚʠʭ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʇʦʰʫʢ ʪʘ ʧʦʨʽʚʥʷʣʴʥʝ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʥʪʝʪʠʯʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʯʦʚʠʥ, ʘ ʪʘʢʦʞ ʾʭ ʩʫʤʽʰʝʡ ʷʚʣʷʻ 

ʩʦʙʦʶ ʘʢʪʫʘʣʴʥʫ ʟʘʜʘʯʫ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʥʘʙʫʚʘʻ ʧʦʰʫʢ ʪʘ ʧʦʨʽʚʥʷʣʴʥʝ ʚʠʚʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʙʝʨʝʞʝʥʥʷ 

ʧʝʨʚʠʥʥʦʾ ʷʢʦʩʪʽ ʟʫʙʥʠʭ ʧʘʩʪ ʥʘ ʧʨʦʪʷʟʽ ʚʩʴʦʛʦ ʩʪʨʦʢʫ ʧʨʠʜʘʪʥʦʩʪʽ. ʈʦʟʨʦʙʢʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʦʩʤʝʪʠʯʥʦʾ 

ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʟʥʘʯʝʥʠʤʠ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʣʷʛʘʻ ʫ ʦʙʨʘʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʩʢʣʘʜʫ 

ʥʝ ʪʽʣʴʢʠ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ, ʘʣʝ ʽ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʨʝʮʝʧʪʫʨʠ. ʊʘʢʽʡ ʧʽʜʭʽʜ ʜʦ ʚʠʨʽʰʝʥʥʷ 

ʧʨʦʙʣʝʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʽʥʥʦʚʘʮʽʡʥʽ ʢʦʩʤʝʪʠʯʥʽ ʧʨʦʜʫʢʪʠ ʟ ʥʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʉʪʘʪʫʩ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʟʫʙʥʦʾ ʧʘʩʪʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʩʥʦʚʦʶ ʧʨʦʜʫʢʪʫ, ʘʣʝ ʽ 

ʥʘʷʚʥʽʩʪʶ ʚ ʥʽʡ ʘʢʪʠʚʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ ʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʫ 

ʢʦʩʤʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʫʨʘʣʴʥʦʾ, ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʧʨʦʜʫʢʮʽʾ ʟʽ 

ʟʙʝʨʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. 

https://orcid.org/0000-0003-2372-8398
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ʆʪʞʝ ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʟʫʙʥʦʾ ʧʘʩʪʠ ʟ ʝʢʩʪʨʘʢʪʘʤʠ ʢʦʨʠʩʥʠʭ ʨʦʩʣʠʥ  

ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɹʘʛʘʪʦ ʟʫʙʥʠʭ ʧʘʩʪ ʤʘʶʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʉʆ2 ʝʢʩʪʨʘʢʪʠ ʮʽʣʶʱʠʭ ʨʦʩʣʠʥ, ʷʢʽ ʯʠʥʷʪʴ ʣʽʢʫʚʘʣʴʥʦ- 

ʧʨʦʬʽʣʘʢʪʠʯʥʠʡ ʝʬʝʢʪ. ɺ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʧʦʩʪʽʡʥʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʽ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ 

ʨʝʮʝʧʪʫʨ ʟʫʙʥʠʭ ʧʘʩʪ, ʱʦ ʤʽʩʪʷʪʴ ʾʭ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ.  ʊʦʤʫ ʤʝʪʦʶ ʥʘʰʦʾ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʙʫʣʦ: 

1) ʨʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʦʩʥʦʚʠ ʟʫʙʥʦʾ ʧʘʩʪʠ; 

2) ʧʽʜʙʽʨ  ʉʆ2 ʝʢʩʪʨʘʢʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʨʝʮʝʧʪʫʨʽ ʟʫʙʥʦʾ ʧʘʩʪʠ; 

3) ʚʠʚʯʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʩʤʝʪʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʩʢʣʘʜ ʷʢʦʛʦ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 
ɿʘʩʪʦʩʫʚʘʥʥʷ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʫʙʥʠʭ ʧʘʩʪ ʻ ʩʘʤʠʤ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʟʘʩʦʙʦʤ ʛʽʛʽʻʥʠ 

ʧʦʨʦʞʥʠʥʠ ʨʦʪʘ. ɿʫʙʥʽ ʧʘʩʪʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʯʠʱʘʶʯʫ ʜʽʶ, ʘ ʪʘʢʦʞ ʜʦʩʪʘʚʢʫ  ʨʽʟʥʠʭ ʘʢʪʠʚʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ 

ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. 

ɿʘ ʜʘʥʠʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʪʫʩ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʟʦʢʨʝʤʘ ʟʫʙʥʦʾ ʧʘʩʪʠ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʦʩʥʦʚʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʘʣʝ ʽ ʥʘʷʚʥʽʩʪʶ ʫ ʥʴʦʤʫ ʘʢʪʠʚʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ ʟʽ ʩʧʝʮʠʬʽʯʥʠʤʠ 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1ï3]. ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʫ ʢʦʩʤʝʪʠʯʥʽʡ ʛʘʣʫʟʽ ʩʢʣʘʜʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʪʫʨʘʣʴʥʦʾ, ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʥʦʛʦ ʥʘʙʦʨʫ ʢʦʤʧʦʥʝʥʪʽʚ 

ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. ʈʦʩʣʠʥʥʽ ʉʆ2 ʝʢʩʪʨʘʢʪʠ ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʮʠʤ ʚʠʤʦʛʘʤ, ʦʩʢʽʣʴʢʠ ʻ 

ʜʞʝʨʝʣʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ.   

ɸʥʘʣʽʟ ʩʪʘʥʫ ʽ ʥʘʧʨʷʤʦʢ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʦʙʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ [3, 4] ʧʦʢʘʟʘʚ, ʱʦ 

ʥʘʡʧʝʨʩʧʝʢʪʠʚʥʽʰʠʤ ʟ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʉʆ2 ʝʢʩʪʨʘʢʪʽʚ ʮʽʣʶʱʠʭ ʨʦʩʣʠʥ. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ 
ʈʦʟʨʦʙʢʘ ʨʝʮʝʧʪʫʨʠ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʟʫʙʥʦʾ ʧʘʩʪʠ, ʱʦ ʤʽʩʪʠʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʘʙʨʘʟʠʚʥʽ 

ʪʘ ʟʘʛʫʱʫʶʯʠ ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʉʆ2 ʝʢʩʪʨʘʢʪʠ ʨʦʤʘʰʢʠ, ʰʘʚʣʽʾ  ʪʘ ʷʣʽʚʮʶ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ ï ʭʽʤʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʷʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʉʆ2 ʝʢʩʪʨʘʢʪʠ, ʱʦ 

ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʜʢʨʠʪʠʯʥʦʾ ʚʫʛʣʝʢʠʩʣʦʪʥʦʾ ʝʢʩʪʨʘʢʮʽʾ. ɼʣʷ ʨʦʙʦʪʠ ʤʠ ʚʽʜʽʙʨʘʣʠ ʝʢʩʪʨʘʢʪʠ, 

ʷʢʽ ʤʘʶʪʴ ʮʽʣʴʦʚʽ ʙʽʦʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ, ʘ ʩʘʤʝ ʢʨʦʚʦʩʧʠʥʥʫ ʽ ʧʨʦʪʠʟʘʧʘʣʴʥʫ ʜʽʶ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ 

ʨʘʥʦʟʘʛʦʶʚʘʣʴʥʫ ʽ ʨʝʛʝʥʝʨʫʶʯʫ ʚʣʘʩʪʠʚʦʩʪʽ: ʝʢʩʪʨʘʢʪʠ ʨʦʤʘʰʢʠ, ʰʘʚʣʽʾ, ʷʣʽʚʮʶ. 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʪʨʘʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʟ'ʷʩʫʚʘʪʠ ʚʧʣʠʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʦʮʝʩʫ ʥʘ ʩʢʣʘʜ ʝʢʩʪʨʘʢʪʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʩʧʦʯʘʪʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʝʨʽʶ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʭʦʜʫ ʝʢʩʪʨʘʢʪʽʚ ʚʽʜ ʪʠʩʢʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʽ 

ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʥʘʜʢʨʠʪʠʯʥʦʾ ʬʣʶʾʜʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʟʘ ʪʠʩʢʫ 400 ʘʪʤ. 

ʋ ʭʦʜʽ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʚʯʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʩʢʣʘʜ ʥʘʜʢʨʠʪʠʯʥʠʭ ʬʣʶʾʜʥʠʭ 

ʝʢʩʪʨʘʢʪʽʚ ʰʘʚʣʽʾ.  ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 40 ʜʦ 80Áʉ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʪʨʘʢʪʠ, ʦʪʨʠʤʘʥʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨ 40, 60 ʽ 80Áʉ ʻ ʧʨʠʥʮʠʧʦʚʦ 

ʨʽʟʥʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʙʽʦʣʦʛʽʯʥʦ-ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʝʢʩʪʨʘʢʪʫ ʰʘʚʣʽʾ 

ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.  

ʊʘʙʣʠʮʷ 1 

ʇʦʢʘʟʥʠʢʠ ʪʘ ʩʢʣʘʜ ʝʢʩʪʨʘʢʪʫ ʰʘʚʣʽʾ, ʱʦ ʦʪʨʠʤʘʥʠʡ ʟʘ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽ ʩʢʣʘʜ ʝʢʩʪʨʘʢʪʽʚ ʊʝʤʧʝʨʘʪʫʨʘ ʝʢʩʪʨʘʢʮʽʾ 

40 0ʉ 60 0ʉ 80 0ʉ 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 47,5-49,0 89,5-91,0 98,5-100,0 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ  1,473-1,476 1,464-1,469 1,474-1,478 

ʊʦʢʦʬʝʨʦʣʠ (ʚʽʪʘʤʽʥ ɽ), ʤʛ % 41,2-42,3 37,8-38,9 21,8-22,4 

ʂʘʨʦʪʠʥʦʾʜʠ (ʧʨʦʚʽʪʘʤʽʥ ɸ), ʤʛ % 1,41-1,45 0,95-1,0 0,78-0,99 

ɾʠʨʥʽ ʢʠʩʣʦʪʠ, % ʜʦ ʩʫʤʠ: 

ʧʘʣʴʤʽʪʠʥʦʚʘ 

ʩʪʝʘʨʠʥʦʚʘ 

ʦʣʝʾʥʦʚʘ 

ʣʽʥʦʣʝʚʘ 

ʣʽʥʦʣʝʥʦʚʘ 

5,9 

1,8 

40,6 

3,0 

1,8 

18,3 

1,4 

33,4 

27,3 

2,5 

26,3 

1,3 

31,5 

31,7 

3,4 

 

ɼʘʥʽ ʪʘʙʣʠʮʽ 1 ʩʚʽʜʯʘʪʴ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ 40 0ʉ ʻ ʤʽʥʽʤʘʣʴʥʦʶ ʟʘ ʷʢʦʶ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʢʩʪʨʘʢʮʽʷ.  

ʆʪʞʝ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ (ʪʘʙʣ. 1) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʉʆ2 ʝʢʩʪʨʘʢʪʫ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʘʨʘʤʝʪʨ ʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʘ ʨʽʚʥʽ 60 0ʉ. 

ʋ ʪʘʙʣʠʮʽ 2 ʪʘ 3 ʥʘʚʝʜʝʥʦ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʝʢʩʪʨʘʢʪʫ ʨʦʤʘʰʢʠ ʪʘ ʷʣʽʚʮʶ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʧʨʠ 

ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʫ ʝʢʩʪʨʘʢʮʽʾ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 60 0ʉ. 

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʙʽʨ ʦʩʥʦʚʠ ʟʫʙʥʦʾ ʧʘʩʪʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʙʨʘʟʠʚʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʪʘ ʟʘʛʫʱʫʚʘʯʘ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʟʫʙʥʠʭ ʧʘʩʪ, ʷʢ ʜʦ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʚʠʨʦʙʽʚ ʚʠʟʥʘʯʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʽʢʘʪʥʠʭ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚ ʩʦʙʽ ʚʠʩʦʢʫ ʦʯʠʱʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, ˟ ̏̍ υȟ Τ2, 2023 (319) 105 

ʧʦʨʷʜ ʟ ʥʠʟʴʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ ʩʪʠʨʘʥʥʷ. ʉʠʣʽʢʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʝʦʣʦʛʽʾ ʩʢʣʘʜʫ ʟʫʙʥʠʭ 

ʧʘʩʪ  ʪʘ ʜʣʷ ʩʧʨʠʷʥʥʷ ʚʠʜʘʣʝʥʥʶ ʟ ʧʦʚʝʨʭʥʽ ʟʫʙʽʚ ʫ ʧʨʦʮʝʩʽ ʾʭ ʦʯʠʱʝʥʥʷ ʟʫʙʥʦʛʦ ʥʘʣʴʦʪʫ ʟʘʣʠʰʢʽʚ ʾʞʽ. ɰʭʥʷ 

ʘʤʦʨʬʥʘ ʩʪʨʫʢʪʫʨʘ, ʽʥʝʨʪʥʽ ʧʦʚʝʨʭʥʝʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʥʠʟʴʢʠʡ ʽʥʜʝʢʩ ʟʘʣʦʤʣʝʥʥʷ, ʟʜʘʪʥʽʩʪʴ ʜʦ ʨʦʟʧʦʜʽʣʫ ʥʘ 

ʦʢʨʝʤʽ ʯʘʩʪʠʥʠ ï ʚʩʝ ʮʝ ʟʨʦʙʠʣʦ ʩʧʦʣʫʢʠ ʢʨʝʤʥʽʶ ʽʜʝʘʣʴʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʟʫʙʥʠʭ ʧʘʩʪʘʭ. ɺʦʥʠ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʩʫʤʽʩʥʦʩʪʽ ʟ ʽʥʰʠʤʠ  ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʘʩʪ, ʦʩʦʙʣʠʚʦ ʟ ʾʭ ʘʢʪʠʚʥʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʥʝʚʠʜʠʤʽ ʫ ʧʨʦʟʦʨʠʭ ʩʢʣʘʜʘʭ. ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʠʣʽʢʘʪʫ, ʷʢʠʡ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘ ʫ 

ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 4. 

ʇʨʠ ʚʠʙʦʨʽ ʟʘʛʫʱʫʚʘʯʘ ʜʣʷ ʟʫʙʥʦʾ ʧʘʩʪʠ ʤʠ ʚʨʘʭʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʥʰʠʤʠ 

ʽʥʛʨʝʜʽʻʥʪʘʤʠ ʧʘʩʪʠ ʪʘ ʚʘʨʪʽʩʪʴ ʧʘʩʪʠ. ɼʣʷ ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʦʙʨʘʥʘ ʚʠʩʦʢʦʦʯʠʱʝʥʘ 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʶʣʦʟʘ (ʂʄʎ) ʭʘʨʯʦʚʦʛʦ ˇʘʪʫʥʢʫ. ʅʘ ʥʘʰ ʨʠʥʦʢ ʮʝʡ ʧʨʦʜʫʢʪ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʯʠʩʣʝʥʥʠʤʠ 

ʬʽʨʤʘʤʠ. ʅʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʨʽʟʥʠʭ ʬʽʨʤ ʥʘ ʤʦʜʝʣʴʥʠʭ 

ʦʩʥʦʚʘʭ ʟʫʙʥʠʭ ʧʘʩʪ ʚʽʜ 0,5 ʜʦ 1,5%, ʜʝ ʚ ʷʢʦʩʪʽ ʘʙʨʘʟʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ ʫ 

ʢʽʣʴʢʦʩʪʽ 21,0%. ʋ ʪʘʙʣʠʮʽ 5 ʥʘʚʝʜʝʥʦ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʂʄʎ ʪʘ ʦʩʥʦʚ ʟʫʙʥʠʭ 

ʧʘʩʪ ʟ ʨʽʟʥʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʴʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʚ ʦʩʥʦʚʽ. 

ʊʘʙʣʠʮʷ 2 

ʗʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʉʆ2 ʝʢʩʪʨʘʢʪʫ ʨʦʤʘʰʢʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽ ʩʢʣʘʜ ʝʢʩʪʨʘʢʪʽʚ ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 45,5-47,0 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ  1,475-1,479 

ʊʦʢʦʬʝʨʦʣʠ (ʚʽʪʘʤʽʥ ɽ), ʤʛ % 98,5-100,0 

ɽʬʽʨʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 76,5-79,3 

ɽʬʽʨʥʝ ʤʘʩʣʦ, % 5,3-6,3 

 

ʊʘʙʣʠʮʷ 3 

ʗʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʉʆ2 ʝʢʩʪʨʘʢʪʫ ʷʣʽʚʮʶ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽ ʩʢʣʘʜ ʝʢʩʪʨʘʢʪʽʚ ɿʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ 

ʂʠʩʣʦʪʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 46,3-48,1 

ʇʦʢʘʟʥʠʢ ʟʘʣʦʤʣʝʥʥʷ  1,485-1,511 

ʊʦʢʦʬʝʨʦʣʠ (ʚʽʪʘʤʽʥ ɽ), ʤʛ % 97,3-98,8 

ɽʬʽʨʥʝ ʯʠʩʣʦ, ʤʛ ʂʆʅ/ʛ 74,2-75,1 

ɽʬʽʨʥʝ ʤʘʩʣʦ, % 5,6-7,2 

 

ʊʘʙʣʠʮʷ 4 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʜʽʦʢʩʠʜʫ ʢʨʝʤʥʽʶ 

ʇʦʢʘʟʥʠʢ ɼʽʦʢʩʠʜ ʢʨʝʤʥʽʶ, SiO2 

ʈʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʤʢʤ 1,0-1,5 

ʇʦʢʘʟʥʠʢ ʨʝʬʨʘʢʮʽʡʥʦʛʦ ʽʥʜʝʢʩʫ 1,46 

ɺʦʣʦʛʘ % 1,0 

ʇʦʢʘʟʥʠʢʠ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʚ ʦʩʥʦʚʽ ʟʫʙʥʦʾ ʧʘʩʪʠ 

ɺʤʽʩʪ ʫ ʨʝʮʝʧʪʫʨʽ ʟʫʙʥʦʾ ʧʘʩʪʠ, % 20,0-21,0 

ɺʷʟʢʽʩʪʴ, ʇʘĿʩ 160-170 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʤʦʜʝʣʴʥʠʭ ʩʠʩʪʝʤʘʭ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʫ 

ʤʘʨʢʫ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʚʚʝʜʝʥʥʷ ʚ ʨʝʮʝʧʪʫʨʫ ʟʘʛʫʩʥʠʢʘ. ɼʦ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʟʷʪʦ ʟʨʘʟʢʠ ʧʽʜ 

ʥʦʤʝʨʦʤ 2, 5 ʪʘ 6, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʛʫʩʥʠʢʘ ʩʢʣʘʣʘ 1%, ʘ ʢʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʙʫʣʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʟ 

ʝʪʘʣʦʥʦʤ, ʷʢʠʤ ʙʫʚ ʦʩʥʦʚʘ ʟʫʙʥʦʾ çʄôʷʪʘè ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ  DeLaMark, ʚ'ʷʟʢʽʩʪʴ ʷʢʦʾ ʥʘ 24 ʛʦʜʠʥʠ 

ʧʽʩʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʪʘʥʦʚʠʪʴ 340-380 ʇʘĿʩ, ʷʢʘ ʟʘ ʨʝʦʣʦʛʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤ ʚʽʜʧʦʚʽʜʘʻ ɼʉʊʋ 2472ï

2006 ʪʘ ʧʦʚʠʥʥʘ ʟʙʝʨʽʛʘʪʠʩʷ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʪʝʨʤʽʥʫ ʧʨʠʜʘʪʥʦʩʪʽ. ʉʠʩʪʝʤʘ ʟʫʙʥʦʾ ʧʘʩʪʠ ʻ ʝʤʫʣʴʩʽʻʶ-

ʩʫʩʧʝʥʟʽʻʶ, ʷʢʘ ʫ ʧʨʦʮʝʩʽ ʟʙʝʨʽʛʘʥʥʷ ʤʦʞʝ ʥʘʜʤʽʨʥʦ ʟʘʛʫʱʫʚʘʪʠʩʷ ʘʙʦ ʨʦʟʰʘʨʦʚʫʚʘʪʠʩʷ, ʪʦʤʫ ʜʣʷ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʘʩʪʠ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʠ ʱʦʜʦ ʟʙʝʨʽʛʘʥʥʷ 

ʦʩʥʦʚʠ ʟʫʙʥʦʾ ʧʘʩʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 25Áʉ ʧʨʦʪʷʛʦʤ 1,5 ʤʽʩʷʮʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʨʘʟʢʠ ʧʽʜ ʥʦʤʝʨʦʤ 2 ʪʘ 6 ʜʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʚʠʱʝ, 

ʥʽʞ ʧʦʨʽʚʥʷʣʴʥʽ ʽ ʣʝʞʘʪʴ ʚ ʤʝʞʘʭ 550-750 ʇʘĿʩ, ʢʦʣʠ ʷʢ ʜʣʷ ʟʨʘʟʢʘ 5 ʚ'ʷʟʢʽʩʪʴ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʝʪʘʣʦʥʫ ʽ 

ʩʪʘʥʦʚʠʪʴ ʥʠʞʯʝ 300 ʇʘĿʩ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʤʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʘ ʟʫʙʥʦʾ ʧʘʩʪʠ ʥʘʙʫʚʘʻ ʧʦʢʘʟʥʠʢʽʚ ʧʦʩʪʽʡʥʦʾ 

ʚ'ʷʟʢʦʩʪʽ ʥʘ 13-14 ʜʝʥʴ ʟ ʤʦʤʝʥʪʫ ʚʠʧʫʩʢʫ. ʇʦʨʷʜ ʟ ʮʠʤ, ʟʨʘʟʦʢ 6 ʜʦ ʢʽʥʮʷ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʤʘʚ ʚ'ʷʟʢʽʩʪʴ 

ʧʦʥʘʜ 700 ʇʘ.ʩ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʜʘʚʣʶʚʘʥʥʷ ʟʫʙʥʦʾ ʧʘʩʪʠ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʫʧʘʢʫʚʘʥʥʷ. 

ʊʘʢʦʞ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʦʩʥʦʚʽ ʷʢ Blanose 7M31F, ʪʘʢ ʽ Walocel 

CRT, ʧʨʦʪʝ ʚʨʘʭʦʚʫʶʯʠ ʝʢʦʥʦʤʽʯʥʽ ʘʩʧʝʢʪʠ, ʜʣʷ ʮʠʭ ʨʦʙʽʪ ʙʫʚ ʦʙʨʘʥʠʡ ʟʨʘʟʦʢ Blanose 7M3 IF. 

ʗʢ ʚʽʜʦʤʦ, ʷʢʽʩʪʴ ʟʫʙʥʦʾ ʧʘʩʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʨʝʮʝʧʪʫʨʥʠʤ ʩʢʣʘʜʦʤ ʦʩʥʦʚʠ. ʆʪʞʝ 

ʦʩʥʦʚʦʶ ʟʫʙʥʦʾ ʧʘʩʪʠ ʤʠ ʦʙʨʘʣʠ ʜʽʦʢʩʠʜ ʢʨʝʤʥʽʶ Blanose 7M3 IF ʪʘ ʛʣʽʮʝʨʠʥ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʢʣʘʜʫ ʦʩʥʦʚʠ ʟʫʙʥʦʾ ʧʘʩʪʠ ʥʘʤʠ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʦʜʠʥ ʽʟ ʧʣʘʥʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʝʡ 3-ʭ 
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ʫ ʇʘĿʩ. 

 

ʊʘʙʣʠʮʷ 5 

ɺʠʚʯʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ʂʄʎ ʪʘ ʦʩʥʦʚ ʟʫʙʥʠʭ ʧʘʩʪ ʟ 

ʚʚʝʜʝʥʥʷʤ ʦʩʪʘʥʥʴʦʛʦ 

ˉ 

ʧ/ʧ 

ʊʦʨʛʦʚʘ ʥʘʟʚʘ 

ʟʛʫʱʫʚʘʯʘ 

ʅʘʟʚʘ ʟʘ INKI ʈʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʨʦʟʯʠʥʽʚ 

ʂʄʎ, ʚôʷʟʢʽʩʪʴ ʨʦʟʯʠʥʫ 

2% ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 250ʉ 

ʤʇɸĿʩ 

ʆʩʥʦʚʘ ʟʫʙʥʦʾ ʧʘʩʪʠ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 250ʉ ʤʇɸĿʩ 

ʂʦʥʮʝʥʪʨʘʮʽʷ,% 

0,5 1,0 1,5 

1 Blanose 7MF Carboxymethyl 

cellulose sodium 

400 240 340 420 

2 Blanose7M31F Carboxymethyl 

cellulose sodium 

2300 300 500 700 

3 Natrosol S Hydroxyethyl 

cellulose 

400 260 300 480 

4 Natrosol 

250MR 

Hydroxyethyl 

cellulose 

600 260 300 500 

5 Natrosol R Hydroxyethyl 

cellulose 

800 280 340 500 

6 Walocel CRT Carboxymethyl 

cellulose sodium 

600 260 360 480 

7 Walocel HM Hydroxypropylme 

thylprophyll 

cellulose 

500 240 300 470 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʥʦʚʘ ʟʫʙʥʦʾ ʧʘʩʪʠ ʙʫʜʝ ʤʘʪʠ ʥʘʩʪʫʧʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ: ʜʽʦʢʩʠʜ 

ʢʨʝʤʥʽʶ ʚ ʤʝʞʘʭ 0,2 - 0,8; ʛʣʽʮʝʨʠʥ ʚ ʤʝʞʘʭ 0,2 - 0,25; Blanose 7M3 IF ʚ ʤʝʞʘʭ 0,03 - 0,25. 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʚʚʝʜʝʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ (ʉ02-ʝʢʩʪʨʘʢʪʠ ʰʘʚʣʽʾ : ʨʦʤʘʰʢʠ : 

ʷʣʽʚʮʶ = 0,5:1,0:0,5) ʚ ʦʩʥʦʚʫ ʧʘʩʪʠ ʚʠʟʥʘʯʝʥʦ ʚ ʢʽʣʴʢʦʩʪʽ 1,6%, ʟʛʽʜʥʦ ʟ ʜʦʟʘʤʠ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʮʽʣʝʡ. ʈʝʮʝʧʪʫʨʘ ʟʫʙʥʦʾ ʧʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʪʘʙʣʠʮʽ 6. 

 

ʊʘʙʣʠʮʷ 6 

ʈʝʮʝʧʪʫʨʘ ʨʦʟʨʦʙʣʝʥʦʾ ʟʫʙʥʦʾ ʧʘʩʪʠ ʪʘ ʾʾ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʂʦʤʧʦʥʝʥʪʠ ʂʦʥʮʝʥ-

ʪʨʘʮʽʷ, 

% 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ɿʘ ɼʉʊʋ       2472ï2006 ʅʦʨʤʘ ɼʘʥʽ, ʱʦ 

ʦʪʨʠʤʘʥʽ 

ɼʽʦʢʩʠʜ 

ʢʨʝʤʥʽʶ 

18-20 ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʆʜʥʦʨʽʜʥʘ ʤʘʩʘ, ʱʦ 

ʫʪʨʠʤʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʫʙʥʦʾ 

ʱʽʪʢʠ, ʥʝ ʧʨʦʥʠʢʘʶʯʠ ʚʛʣʠʙ 

ʱʝʪʠʥʠ 

ɺʽʜʧʦʚʽʜʘ ̒

ɻʣʽʮʝʨʠʥ 16-19 ʂʦʣʽʨ ɺʣʘʩʪʠʚʠʡ ʢʦʣʴʦʨʫ ʧʘʩʪʠ 

ʜʘʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʘʻ 

Blanose 7M3 IF 0,5-0,8 ɿʘʧʘʭ ɺʣʘʩʪʠʚʠʡ ʢʦʣʴʦʨʫ ʧʘʩʪʠ 

ʜʘʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʘʻ 

Na 

ʣʘʫʨʠʣʩʫʣʴʬʘʪ 

(100%) 

1,0-1,5 ʉʤʘʢ ɺʣʘʩʪʠʚʠʡ ʢʦʣʴʦʨʫ ʧʘʩʪʠ 

ʜʘʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ 

ɺʽʜʧʦʚʽʜʘʻ 

ʂʦʥʩʝʨʚʘʥʪ 0,3-0,6 ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ (ʨʅ) 5,5-10,5 6,8 

ɼʚʦʦʢʠʩ 

ʪʠʪʘʥʫ 

ʧʽʛʤʝʥʪʥʠʡ 

0,1-0,3 ʄʘʩʦʚʘ ʯʘʩʪʢʠ  ʩʫʤʠ 

ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, % ʥʝ 

ʙʽʣʴʰ 

0,002 0,001 

ʂʦʤʧʣʝʢʩ ɹɸʈ 1,4-1,7 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʬʪʦʨʠʜʘ 

(ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 

ʤʦʣʷʨʥʫ ʤʘʩʫ ʬʪʦʨʫ), % 

0,05-0,15 0,1 

ɺʽʜʜʫʰʢʘ 0,15-0,25 ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʬʪʦʨʠʜʘ 

(ʚ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 

ʤʦʣʷʨʥʫ ʤʘʩʫ ʬʪʦʨʫ), ʚ 

ʦʜʠʥʠʮʽ ʫʧʘʢʦʚʢʠ, ʤʛ, ʥʝ 

ʙʽʣʴʰ 

300 300 

ɺʦʜʘ ɼʦ 100    
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ɺʠʩʥʦʚʢʠ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʨʝʮʝʧʪʫʨʫ ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʧʘʩʪʠ, ʘ 

ʩʘʤʝ, ʙʫʣʦ ʦʙʨʘʥʦ ʫ ʷʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʉʆ2 ʝʢʩʪʨʘʢʪʠ ʷʣʽʚʮʶ, ʰʘʚʣʽʾ ʪʘ ʨʦʤʘʰʢʠ, ʘ ʪʘʢʦʞ 

ʚʩʪʘʥʦʚʣʝʥʦ ʾʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʫ ʩʢʣʘʜʽ ʟʫʙʥʦʾ ʧʘʩʪʠ. ɺʠʟʥʘʯʝʥʦ ʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʦʩʥʦʚʠ ʫ ʩʢʣʘʜʽ ʟʫʙʥʦʾ ʧʘʩʪʠ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈʆɿʈɸʍʋʅʂʆɺʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ɼʃʗ 

ʊɽʍʅɯʏʅʀʍ ʉʀʉʊɽʄ 
 
ˏ ̨̩̓̆̏̑ ̨́̎́̌̈̔ ̨ ̒̉̎̓̆̈̔ ̨̖̘̖̓̆̎̎̉ ̒̉̒̓̆̍ ̃́̇̌̉̃̆ ̨̗̍̒̆ ̨̟̝̐̏̒̅́̓ ̘̍́̓̆̍́̓̉̎̆ ̟̠̍̏̅̆̌̃́̎̎ ̨ 

̨̨̗̠̏̐̓̉̍̈́ ̙̖̂́̄́̓̏́̑̏̃̉ ̒̉̒̓̆̍ȟ ̨̠̋ ̨̠̝̍̒̓̓ ̅̇̆̑̆̌́ ̨̩̅ ̨̘̖̈̉̎̉̕ ̨̐̏̌̃Ȣ ˣ̆ ̐̏̃ȭ̠̈́̎̏ ̈ ̓̉̍ȟ ̏̚ ̩̖ ̒̓́̎ 
̤̝̠̏̐̉̒̔̓̒ ̈́ ̟̅̏̐̏̍̏̄̏ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̈ ̨̂́̄́̓̏̃̉̍̑̎̉̍̉ ̨̗̝̅̉̆̑̆̎́̌̎̉̍̉̕ ̨̠̠̑̃̎̎̎̍̉Ȣ ˑ̠̌ ̑̏̈̃΄̠̠̈́̎̎ 
̋̑́̊̏ ̖̃̉ ̘̈́̅́ ̨ ̨̨̗̩̑̆́̌̈́ ̗̐̑̏̆̒̔ ̨̨̗̩̏̐̓̉̍̈́ ̨̖̘̖̓̆̎̎̉ ̨̐́̑́̍̆̓̑̃ ̝̖̍̏̅̆̌̏̃́̎̉ ̒̉̒̓̆̍ ̨̖̎̆̏̂̅̎̏ ̐̑̏̃̆̒̓̉ 
̨̨̨̗̍̇̅̉̒̉̐̌̎́̑̎ ̨̠̅̏̒̌̅̇̆̎̎ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̨ ̖̐̑̉̋̌́̅̎̉ ̨̨̗̖̏̐̓̉̍̈́̊̎̉ ̘̖̍́̓̆̍́̓̉̎̉ ̍̏̅̆̌̆̊Ȣ ˏ̠̉̋̏̎́̎̎ 
̔̍̏̃ ̨̠̒̎̔̃́̎̎ ̤̅̉̎̏̄̏ ̑̏̈̃ȭ̠̈̋̔ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̈́ ̘̠̔̍̏̃́̎̎̍ ̍̏̇̌̉̃̏ ̙̌̉̆, ̋̏̌̉ ̏̂ȭ̤̋̓ ̨̠̅̏̒̌̅̇̆̎̎ ɀ ̗̆ 
̙̏̅̎̏́̑̏̃̉̊ ̨̍́̓̆̑́̌ ̨̐̅ ̨̤̟̅ ̅̇̆̑̆̌ ̠̎́̃́̎̓́̇̆̎̎Ȣ ˬ̋̏̚ ̇ ̨̐̏̓̑̂̎̏ ̨̈̅̊̒̎̉̓̉ ̖̑̏̈̑́̔̎̏̋ ̨ ̨̨̗̟̏̐̓̉̍̈́ 
̨̖̘̖̓̆̎̎̉ ̨̐́̑́̍̆̓̑̃ ̙̂́̄́̓̏́̑̏̃̏̄̏ ̨̍́̓̆̑́̌̔ȟ ̎́ ̠̋̉̊ ̨̟̝̅̓ ̅̇̆̑̆̌́ ̠̎́̃́̎̓́̇̆̎̎ȟ ̨̓̏̅ ̎̆̍̏̇̌̉̃̏ 
̏̅̑́̈̔ ̄́̑́̎̓̔̃́̓̉ ̨̝̋̏̑̆̋̓̎̒̓ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̨ ̖̐̑̉̋̌́̅̎̉ ̨̨̗̖̏̐̓̉̍̈́̊̎̉ ̘̖̍́̓̆̍́̓̉̎̉ ̍̏̅̆̌̆̊ȟ ́̅̇̆ 
̨̐̏̓̑̂̎̏ ̏̓̑̉̍́̓̉ ̔̍̏̃̉ ̨̠̒̎̔̃́̎̎ ̨ ̨̤̅̉̎̏̒̓ ̑̏̈̃ȭ̠̈̋̔ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̈ ̒̉̒̓̆̍́̍̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎Ȣ 
˙̨̨̗̠́̋̒̉̍̈́ ̇ ̨̖̘̖̓̆̎̎̉ ̨̐́̑́̍̆̓̑̃ ̅̇̆̑̆̌ ̠̎́̃́̎̓́̇̆̎̎ ̓́ ̠̔̒̆̑̆̅̎̆̎̎ ̖́̑́̋̓̆̑̉̒̓̉̋ ̨̙́̑̃ ̨̍́̓̆̑́̌̔ 
̐̑̉̈̃̆̅̆ ̅̏ ̠̏̓̑̉̍́̎̎ ̖̐̑̉̂̌̉̈̎̉ ̘̝̈̎́̆̎ ̨̗̩̔̎̋̕ ̍̆̓̉ ̨ ̨̖̘̖̓̆̎̎̉ ̨̐́̑́̍̆̓̑̃ ̝̩̍̏̅̆̌̏̃́̎̏ ̒̉̒̓̆̍̉ȟ ̏̚ 
̤̒̐̏̎̔̋́ ̅̏ ̨̗̝̎̆̑́̏̎́̌̎̏̄̏ ̘̠̃̉̓̑́̆̎̎ ̘̖̆̎̆̑̄̆̓̉̎̉ȟ ̖̓̆̐̌̏̃̉ ̨̑̆̒̔̑̒̃ ̨ ̝̖̎̆̋̏̎̓̑̏̌̏̃́̎̉ȟ ̖̍́̑̎̉ ̃̓̑́̓ 
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In the theory of analysis and synthesis of technical systems, mathematical modelling and optimization of multilayer systems 
containing sources of physical fields occupy an important place. This is due to the fact that their state is described by means of boundary 
value problems with multidimensional differential equations. To solve the boundary value problems and implement the process of optimizing 
the technical parameters of the modelled systems, it is necessary to conduct interdisciplinary studies of computational and applied 
optimization mathematical models. Fulfilment of the conditions for the existence of a single solution to boundary value problems by default is 
possible only when the object of study is a single-layer material under the action of load sources. If it is necessary to calculate and optimize 
the technical parameters of a multilayer material subjected to load sources, then it is impossible to immediately guarantee the correctness of 
the calculated and applied optimization mathematical models, since it is necessary to obtain the conditions for the existence and uniqueness 
of solutions to boundary value problems with systems of differential equations. Maximizing the technical parameters of load sources and 
averaging the characteristics of material layers will lead to approximate values of the objective function and technical parameters of the 
modelled system, which leads to irrational consumption of energy and heat resources and uncontrolled losses, and useless losses of the test 
material in the technological process. 

The article presents the conditions for the correctness of multipoint boundary value problems with multidimensional differential 
equations describing the state of a multilayer material under thermal action. It is advisable to use these studies to substantiate the 
correctness of other technical and biotechnological systems, which will increase the accuracy of the implementation of applied optimization 
problems of economic and mathematical modelling. 
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ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ 

ɺ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʚʠʨʦʙʥʠʯʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʘʢʪʫʘʣʴʥʦʶ ʻ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʽʩʥʫʶʯʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʠʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ 

ʨʽʚʥʷ ʜʝʪʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤ, ʱʦ ʧʦʪʨʝʙʫʻ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʾʭ ʩʪʘʥ. 

ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, ʷʢʘ ʦʧʠʩʫʻ ʪʝʧʣʦʬʽʟʠʯʥʫ ʩʠʩʪʝʤʫ 

çʙʘʛʘʪʦʰʘʨʦʚʠʡ ʤʘʪʝʨʽʘʣ ï ʜʞʝʨʝʣʦ ʪʝʨʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷè ʣʝʞʠʪʴ ʙʘʛʘʪʦʪʦʯʢʦʚʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʜʣʷ 

ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ. ɼʣʷ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ, ʜʝ ʚʨʘʭʦʚʘʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʰʘʨʽʚ 

ʤʘʪʝʨʽʘʣʫ ʽ ʪʝʧʣʦʚʽ ʨʝʞʠʤʠ ʥʘʛʨʽʚʫ, ʥʝʤʦʞʣʠʚʦ ʛʘʨʘʥʪʫʚʘʪʠ ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʠʥʽʩʪʴ ʨʦʟʚôʷʟʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʯʠ ʙʫʜʫʪʴ ʚʠʭʽʜʥʽ ʜʘʥʽ ʚʠʟʥʘʯʘʪʠ ʨʦʟʚôʷʟʦʢ ʚ ʧʝʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʨʦʩʪʦʨʘʭ ʽ ʯʠ 

ʙʫʜʫʪʴ ʥʝʟʥʘʯʥʠʤ ʟʤʽʥʘʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʚ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ ʽ ʚ ʢʨʘʡʦʚʠʭ ʫʤʦʚʘʭ ʚʽʜʧʦʚʽʜʘʪʠ 

ʥʝʟʥʘʯʥʽ (ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʤʝʪʨʠʮʽ) ʟʤʽʥʠ ʨʦʟʚôʷʟʢʽʚ, ʪʦʙʪʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʩʪʽ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʫʤʦʚ ʢʦʨʝʢʪʥʦʩʪʽ ʙʘʛʘʪʦʪʦʯʢʦʚʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʪʝʦʨʽʶ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʽ ʧʩʝʚʜʦʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ʚ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʧʨʦʩʪʦʨʘʭ. ɺ ʩʪʘʪʪʽ ʜʦʩʣʽʜʞʝʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʙʘʛʘʪʦʪʦʯʢʦʚʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʜʽʾ. ɸʚʪʦʨʠ ʦʪʨʠʤʘʣʠ ʨʝʟʫʣʴʪʘʪ, ʱʦ ʫʤʦʚʘ 

ʨʽʚʥʦʤʽʨʥʦʾ ʦʙʤʝʞʝʥʦʩʪʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʚ'ʷʟʢʽʚ ï ʮʝ ʥʝʦʙʭʽʜʥʘ ʽ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʢʦʨʝʢʪʥʦʩʪʽ 

ʥʝʦʜʥʦʨʽʜʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʝʟʫʣʴʪʘʪʠ ʮʽʻʾ ʩʪʘʪʪʽ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʽʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ 
ɿʜʽʡʩʥʠʚʰʠ ʚʩʝʙʽʯʥʠʡ, ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʽ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʚ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʢʦʨʜʦʥʦʤ, ʚ ʧʫʙʣʽʢʘʮʽʷʭ [1ï4] ʚʽʜʟʥʘʯʝʥʽ ʤʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ 

ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʢʝʨʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʠʥʢʦʚʠʭ ʚʽʜʥʦʩʠʥ. ɸʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʡ [1, 2] ʨʦʟʨʦʙʣʝʥʘ 

ʤʝʪʦʜʠʢʘ ʜʣʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʫʛʽʣʣʷ ʽ ʧʨʠʨʦʜʥʴʦʛʦ 

ʛʘʟʫ ʚ ʋʢʨʘʾʥʽ ʚ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ɺʦʥʘ ʚʢʣʶʯʘʻ ʜʦ ʩʝʙʝ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ, ʷʢʽ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ 

ʨʘʮʽʦʥʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ. ɸʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [3] ʩʬʦʨʤʦʚʘʥʘ 

ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʚʠʧʘʣʶʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ, ʨʦʟʛʣʷʥʫʪʽ 

ʧʨʦʛʨʘʤʥʝ ʢʝʨʫʚʘʥʥʷ ʪʘ ʢʝʨʫʚʘʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʘʟʥʘʯʝʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʥʝʜʦʣʽʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʾʭ ʧʦʜʦʣʘʥʥʷ ʚ ʨʝʞʠʤʽ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʚʠʧʘʣʶʚʘʥʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʚʠʨʦʙʽʚ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ 

ʚʠʷʚʣʝʥʥʷ ʢʽʙʝʨʟʘʛʨʦʟ ʪʘ ʤʝʪʦʜʠ ʾʭ ʧʦʜʦʣʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʝʢʪʦʨʽ ʋʢʨʘʾʥʠ [4]. 

ɺ ʧʫʙʣʽʢʘʮʽʷʭ [5, 6] ʨʦʟʨʦʙʣʝʥʽ ʢʦʨʝʢʪʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʜʣʷ ʧʝʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʘʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʾ ʤʝʪʠ ʪʝʭʥʽʯʥʠʭ 

ʩʠʩʪʝʤ ʟ ʽʤʧʫʣʴʩʥʠʤ ʚʧʣʠʚʦʤ ʚ ʬʽʢʩʦʚʘʥʽ ʤʦʤʝʥʪʠ ʯʘʩʫ ʚ ʧʫʙʣʽʢʘʮʽʾ [6]. ɿʥʘʯʥʫ ʫʚʘʛʫ ʘʚʪʦʨʽʚ ʧʫʙʣʽʢʘʮʽʾ [6] 

ʧʨʠʜʽʣʝʥʦ ʫʤʦʚʘʤ ʢʦʨʝʢʪʥʦʩʪʽ ʣʽʥʽʡʥʠʭ ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʠʩʪʝʤ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʜʣʷ ʦʢʨʝʤʠʭ 

ʽʤʧʫʣʴʩʥʦ-ʟʙʫʨʝʥʠʭ ʩʠʩʪʝʤ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤ 

ʟ ʦʙʤʝʞʝʥʠʤ ʥʝʚʽʜʦʤʠʤ ʟʙʫʨʝʥʥʷʤ [7]. ɺʠʢʦʨʠʩʪʘʚʰʠ ʝʢʦʥʦʤʽʢʦ-ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠ ʝʢʦʥʦʤʽʢʦ-

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ [8] ʟʜʽʡʩʥʝʥʘ ʦʮʽʥʢʘ ʜʠʥʘʤʽʢʠ ʦʙʩʷʛʽʚ ʚʠʜʘʪʢʽʚ 

ʘʛʨʦʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʥʘʧʨʷʤʘʤʠ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ, ʧʦʙʫʜʦʚʘʥʽ ʧʨʦʛʥʦʟʠ 

ʬʽʥʘʥʩʫʚʘʥʥʷ ʾʭ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽ ʚʩʝʙʽʯʥʦ ʦʙˇʨʫʥʪʫʚʘʪʠ ʫʤʦʚʠ ʽʩʥʫʚʘʥʥʷ ʻʜʠʥʦʛʦ ʨʦʟʚôʷʟʢʫ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʧʨʦʮʝʩʫ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʦʙôʻʢʪʘʭ.  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʈʦʟʛʣʷʥʝʤʦ ʦʜʥʦʨʽʜʥʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ:  
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 (1) 

ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ: 
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 ï ʧʩʝʚʜʦʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʦʧʝʨʘʪʦʨʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʥʝʦʜʥʦʨʽʜʥʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ:  
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ʂʨʘʡʦʚʽ ʫʤʦʚʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ: 
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ʇʦʜʽʻʤʦ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʌʫʨôʻ ʥʘ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ (1)ï(2): 
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B s  ï ʩʠʤʚʦʣʠ ʧʩʝʚʜʦʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ.  

ʈʦʟʚôʷʟʦʢ ʦʜʥʦʨʽʜʥʦʾ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ:  
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ɺʨʘʭʫʚʘʚʰʠ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʦʟʚ'ʷʟʢʫ, ʦʪʨʠʤʘʣʠ ʨʽʚʥʽʩʪʴ:  
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ʈʦʟʚôʷʟʦʢ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (5)ï(6): 
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ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʬʫʥʢʮʽʷ ( , )Q s t  ʦʙʤʝʞʝʥʘ ʟʚʝʨʭʫ, ʪʦʙʪʦ 
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0

( ) m in
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t t tr . ʆʙʤʝʞʝʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ 

ʬʫʥʢʮʽʾ ( , )Q s t  ʜʣʷ ʩʠʩʪʝʤʠ ʦʜʥʦʨʽʜʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (5)ï(6) ʦʟʥʘʯʘʻ ʢʦʨʝʢʪʥʽʩʪʴ ʦʜʥʦʨʽʜʥʦʾ 
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ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (1)ï(2), ʱʦ ʟʫʤʦʚʠʣʦ ʢʦʨʝʢʪʥʽʩʪʴ ʥʝʦʜʥʦʨʽʜʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ (3)ï(4) ʚ ʧʨʦʩʪʦʨʽ 

( )[0; ] ,
s

C T H . ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [9, 10] ʨʦʟʛʣʷʥʫʪʽ ʙʣʠʟʴʢʽ ʧʨʠʢʣʘʜʥʽ ʟʘʜʘʯʽ ʜʦ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʤʘʪʠʢʠ ʘʚʪʦʨʘʤʠ ʮʽʻʾ ʩʪʘʪʪʽ. 

 

ɺʠʩʥʦʚʢʠ 

ʋ ʩʪʘʪʪʽ ʧʦʙʫʜʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʪʝʧʣʦʧʝʨʝʥʦʩʫ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ 

ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʨʤʽʯʥʦʾ ʜʽʾ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʨʦʟʚôʷʟʢʽʚ 

ʚʠʱʝʚʢʘʟʘʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʪʘ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʾʾ ʦʩʦʙʣʠʚʦʩʪʽ. ɺʽʜʟʥʘʯʠʤʦ, ʱʦ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʘʚʪʦʨʽʚ 

ʧʨʠʜʽʣʝʥʦ ʟʥʘʭʦʜʞʝʥʥʶ ʫʤʦʚ ʢʦʨʝʢʪʥʦʩʪʽ ʙʘʛʘʪʦʪʦʯʢʦʚʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʷʢʽ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʧʽʜ ʜʽʻʶ ʜʞʝʨʝʣ ʪʝʨʤʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʽʚʥʦʤʽʨʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʬʫʥʢʮʽʾ 

ʨʦʟʚ'ʷʟʢʽʚ ï ʮʝ ʥʝʦʙʭʽʜʥʘ ʪʘ ʜʦʩʪʘʪʥʷ ʫʤʦʚʘ ʢʦʨʝʢʪʥʦʩʪʽ ʥʝʦʜʥʦʨʽʜʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʅʘʚʝʜʝʥʽ ʚ ʩʪʘʪʪʽ ʨʦʟʨʘʭʫʥʢʠ 

ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʦʢʨʝʤʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ, ʧʨʠʢʣʘʜʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʝʭʥʽʯʥʠʭ ʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ 

ʾʭ ʝʢʦʥʦʤʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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DIAGNOSIS OF POWER OIL IN PUMPING UNITS COOLING SYSTEMS OF POWER PLANT EQUIPMENT  
 

The article presents the results of improving the methods for diagnosing the energy oil "Tp-30" of the pumping unit of the NPP 
equipment coolant circulation system. When studying the physicochemical and thermophysical properties of this oil, it was found that: the 
indicators "acid number", "water content", "content of mechanical impurities", "content of the additive "Ionol", "flash point", "kinematic 
viscosity" correspond to the established standards. When determining the concentration of the additive "Ionol" in the sample of this oil: the 
method of adding the additive "Ionol" is used; in the obtained calculation formula, the values of the distribution coefficient for the additive 
"Ionol" in the system "turbine oil ɀ additive "Ionol" ɀ liquid extractant" are not used, which simplifies the study of the content of this additive 
in turbine oil. The water content in mineral turbine oil, determined by gas chromatography and coulometric titration with K. Fischer's 
reagent, exceeds the water content in this oil, determined by thermal extraction. When studying the effect of liquid extraction temperature 
on additives "Ionol" (when determining its content in a given oil), it was found by gas chromatography that: the dependence of the 
distribution coefficients Ki on temperature t in the temperature range 15ɀ75 0˞ ÃÁÎ ÂÅ ÅØÐÒÅÓÓÅÄ ÂÙ ÔÈÅ ÅÑÕÁÔÉÏÎ ÌÎ+i Є ˍȾɉt+273) - B ; It is 
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the effect of the chemical nature of the extractant on the ability to extract the "Ionol" additive from this oil, it was found that: ethanol, 
isopropanol, acetonitrile can be used as extractants of the "Ionol" additive, and the mixture "acetonitrile ɀ water" cannot be recommended as 
such extractant. The results obtained can be used to improve the method of diagnosing mineral turbine oil "Tp-30" of the pumping unit of the 
coolant circulation system of the equipment of the second circuit of NPP with a pressurized water power reactor. 

Keywords: mineral oil, physical and chemical properties, antioxidant additive, extractant. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʨʢʫʣʷʮʽʾ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʚ ʪʝʧʣʦʦʙʤʽʥʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʘʪʦʤʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ɸɽʉ) ʋʢʨʘʾʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʥʽ ʥʘʩʦʩʥʽ ʘʛʨʝʛʘʪʠ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ɸɽʉ, ʥʘʜʽʡʥʽʩʪʴ ʷʢʠʭ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʧʣʫʘʪʘʮʽʷ ʤʽʥʝʨʘʣʴʥʠʭ ʪʫʨʙʽʥʥʠʭ ʦʣʠʚ 

(ʜʘʣʽ ï ʄʊʆ) ʫ ʚʫʟʣʘʭ ʧʽʜʰʠʧʥʠʢʽʚ ʮʠʭ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ [1]. ʊʘʢʽ ʄʊʆ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʽʥʬʦʨʤʘʮʽʡʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʧʨʠʩʫʪʥʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʚʦʜʘ; ʘʥʪʠʦʢʠʩʥʘ (ʜʘʣʽ ï ɸʆ) ʧʨʠʩʘʜʢʘ 

çIoʥoʣè; ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʽʩʪʴ ʚ ʦʙʣʘʜʥʘʥʥʽ ʜʝʬʝʢʪʽʚ ʚ ʟʦʥʘʭ ʧʦʚʝʨʭʦʥʴ ʪʝʨʪʷ ʧʽʜ 

ʚʧʣʠʚʦʤ ʪʦʯʢʦʚʦʾ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ [2], ʚʽʙʨʘʮʽʾ [3], ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʨʫʤʽʚ [4], ʚʦʜʥʝʚʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

[5]. ʂʦʥʪʨʦʣʴ ʧʦʢʘʟʥʠʢʽʚ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʄʊʆ ʜʦʟʚʦʣʷʶʪʴ ʩʚʦʻʯʘʩʥʦ ʚʠʢʦʥʫʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʽʟ ʩʠʩʪʝʤʘʤʠ 

ʮʠʨʢʫʣʷʮʽʾ ʧʦʪʦʢʽʚ ʄʊʆ ʫ ʚʫʟʣʘʭ ʟʤʘʱʝʥʥʷ ʚʦʜʥʠʭ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʛʨʘʜʠʨʝʥʴ ɸɽʉ [6]. 

ʊʘʢ, ʫ ʧʽʜʧʨʠʻʤʩʪʚʽ çʈʽʚʥʝʥʩʴʢʘ ɸɽʉè ʩʪʘʣʦʩʷ ʘʚʘʨʽʡʥʝ ʚʽʜʢʣʶʯʝʥʥʷ ʚʦʜʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʛʨʘʜʠʨʥʽ, ʧʦʚ'ʷʟʘʥʝ ʟ ʜʝʬʝʢʪʘʤʠ ʫ ʚʫʟʣʘʭ ʧʽʜʰʠʧʥʠʢʽʚ ʟʽ ʟʤʘʱʝʥʥʷʤ ʮʠʨʢʫʣʶʶʯʦʶ ʄʊʆ 

[7]. ʎʝ ʧʦʢʘʟʘʣʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ ʟʘ ʨʘʭʫʥʦʢ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ Mʊʆ ʩʠʩʪʝʤ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʤʠ ʦʣʠʚʘʤʠ ʚʦʜʥʠʭ ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʛʨʘʜʠʨʝʥʴ ɸɽʉ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʽ [8] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ ʽʟʦʣʷʮʽʡʥʠʭ ʦʣʠʚʘʭ. ɺ [9] 

ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ ʫ ʧʨʦʮʝʩʽ ʦʢʠʩʥʝʥʥʷ ʄʊʆ. ɺ [10] ʟʘʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ 

ʜʣʷ ʄʊʆ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʘ, ʷʢ çʯʘʩ ʜʝʘʝʨʘʮʽʾè ʪʘ çʟʘʛʘʣʴʥʘ ʩʪʽʡʢʽʩʪʴ ʜʦ ʦʢʠʩʣʝʥʥʷ ʙʘʟʦʚʦʾ ʦʣʠʚʠè. ɺ [11] 

ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʪʠʟʥʦʩʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʄʊʆ, ʱʦ ʤʽʩʪʷʪʴ ʢʦʤʧʦʟʠʮʽʾ ʧʨʠʩʘʜʦʢ, ʪʘ ʩʢʣʘʜʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʪʠʟʥʦʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʽʡ ʧʨʠʩʘʜʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ 
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ʚʩʪʘʥʦʚʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʦʢ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭʥʴʦʾ ʝʬʝʢʪʠʚʥʦʾ ʧʨʦʪʠʟʥʦʩʥʦʾ ʜʽʾ. ɺ [12, 

13] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ ʥʘʬʪʽ ʪʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʤʝʪʦʜʘʤʠ 

ɯʏ-ʩʧʝʢʪʨʦʤʝʪʨʽʾ, ʛʘʟʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ (ɻʍ). ʎʽ ʤʝʪʦʜʠ ʪʘʢʦʞ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚ 

ʄʊʆ ʚʤʽʩʪʫ ʧʨʠʩʘʜʦʢ çIʦʥʦʣè, ɺ15/41, ɼ-157 [14ï19]. ʋ ʨʦʙʦʪʽ [20] ʥʘʚʝʜʝʥʽ ʤʝʪʦʜʠ ɻʍ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʤʽʥʝʨʘʣʴʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʘʩʣʘʭ (Mɽʆ) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ 

çʢʠʩʣʦʪʥʝ ʯʠʩʣʦ (ʂʏ)è, ʘ ʪʘʢʦʞ ʧʦʢʘʟʘʥʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ Mɽʆ ʧʨʠ ʟʥʘʯʝʥʥʽ ʂʏ Ó 0,1 ʤʛ ʂʆʅ ʥʘ 

1 ʛ Mɽʆ, ʪʘʢ ʷʢ ʧʨʦʜʫʢʪʠ ʦʢʠʩʥʝʥʥʷ ʚ Mɽʆ ʚʩʪʫʧʘʶʪʴ ʫ ʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʽʟ ɸʆ ʧʨʠʩʘʜʢʦʶ çɯʦʥʦʣè, ʱʦ 

ʜʦʜʘʻʪʴʩʷ ʜʦ Mɽʆ, ʽ ʮʝ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ɻʍ ʚʠʤʽʨʶʚʘʥʥʷ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʦ ʽ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ  ʩʧʝʮʠʬʽʢʠ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʽʚ. ʋ ʨʦʙʦʪʽ [21] 

ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʜʦʙʘʚʢʠ ʪʚʝʨʜʦʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣʫè ʚ ʄɽʆ ʥʝ ʜʦʟʚʦʣʷʻ ʚʽʟʫʘʣʴʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʬʘʢʪ ʜʦʩʷʛʥʝʥʥʷ ʧʦʚʥʦʛʦ ʨʦʟʯʠʥʝʥʥʷ ʪʚʝʨʜʦʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʩʠʣʴʥʦ ʟʘʙʘʨʚʣʝʥʠʭ Mɽʆ. 

ɺ [6] ʟʘʟʥʘʯʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʨʦʟʯʠʥʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʫ ʩʠʩʪʝʤʽ 

çʨ̔ʜʠʥʘ ï ʨʦʟʯʠʥʝʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʝʢʩʪʨʘʛʝʥʪè. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʡʦʛʦ ʝʢʩʪʨʘʢʮʽʾ ʟ ʄʊʆ 

ʨʽʜʢʠʤʠ ʝʢʩʪʨʘʛʝʥʪʘʤʠ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʘ ʚʽʜʧʦʚʽʜʥʦʾ ʤʝʪʦʜʠʢʠ ɻʍ ʚʠʟʥʘʯʝʥʥʷ ʂ̔, ʤʘʶʪʴ ʧʨʘʢʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ. ɺ [22] ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʇʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ, ʪʘʢʽ, ʷʢ: ʘ) ʝʢʩʧʨʝʩ-ʤʝʪʦʜ 

ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʧʨʦʮʝʜʫʨ ʪʦʥʢʦʰʘʨʦʚʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ʎʝʡ ʤʝʪʦʜ ʻ ʟʘʩʪʘʨʽʣʠʤ; ʙ) ʤʝʪʦʜ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʾ 

ʨʽʜʠʥʥʦʾ ʭʨʦʤʘʪʦʛʨʘʬʽʾ. ʎʝʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ 

ʘʧʘʨʘʪʫʨʠ ʽ ʪʦʢʩʠʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʦʪʨʠʤʘʥʽ ʚ ʨʦʙʦʪʘʭ [12ï22], ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʧʨʠʩʘʜʦʢ ʚ ʧʦʪʦʢʘʭ ʮʠʨʢʫʣʶʶʯʦʾ ʄʊʆ ʫ ʚʫʟʣʘʭ ʧʽʜʰʠʧʥʠʢʽʚ ʚʦʜʥʠʭ 

ʥʘʩʦʩʥʠʭ ʘʛʨʝʛʘʪʽʚ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ. ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʊʆ ʚ 

ʦʙʣʘʜʥʘʥʥʽ, ʚʠʢʦʥʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʄʊʆ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ: ʘ) ʚʽʟʫʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʥʘʷʚʥʦʩʪʽ ʚʽʣʴʥʦʾ ʚʦʜʠ ʚ ʄʊʆ ʪʘ ʷʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʥʘʷʚʥʦʩʪʽ ʚʦʜʠ ʚ ʄʊʆ ʟ ʥʘʛʨʽʚʘʥʥʷʤ ʄʊʆ ʜʦ 130 Áʉ ʽ 

ʩʧʦʩʪʝʨʽʛʘʥʥʷʤ ʟʘ ʾʾ ʩʪʘʥʦʤ ʽʟ ʚʠʟʥʘʯʝʥʥʷʤ ʭʘʨʘʢʪʝʨʥʦʛʦ ʧʦʪʨʽʩʢʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ) [1, 22, 23]; ʙ) 

ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʄʊʆ ʫ ʧʨʦʮʝʩʽ ʚʠʜʘʣʝʥʥʷ ʚʦʜʠ ʟ ʄʊʆ ʧʽʜ ʯʘʩ ʾʾ ʥʘʛʨʽʚʘʥʥʷ ʚ ʦʙ`ʻʤ 

ʦʨʛʘʥʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ, ʱʦ ʥʝ ʟʤʽʰʫʻʪʴʩʷ ʟ ʚʦʜʦʶ. ʂʦʥʜʝʥʩʦʚʘʥʠʡ ʚ ʩʧʝʮʽʘʣʴʥʦʤʫ ʭʦʣʦʜʠʣʴʥʠʢʫ 

ʨʦʟʯʠʥʥʠʢ ʽ ʚʦʜʘ ʧʦʩʪʽʡʥʦ ʧʦʜʽʣʷʶʪʴʩʷ ʚ ʧʘʩʪʮʽ, ʧʨʠʯʦʤʫ ʚʦʜʘ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʛʨʘʜʫʡʦʚʘʥʦʤʫ ʚʽʜʩʽʢʫ ʧʘʩʪʢʠ, 

ʘ ʨʦʟʯʠʥʥʠʢ ʧʦʚʝʨʪʘʻʪʴʩʷ ʚ ʢʦʣʙʫ (ʤʝʪʦʜ ʪʝʨʤʽʯʥʦʾ ʝʢʩʪʨʘʢʮʽʾ). ʎʝʡ ʤʝʪʦʜ ʧʦʪʨʝʙʫʻ ʙʘʛʘʪʦ ʯʘʩʫ ʥʘ ʡʦʛʦ 

ʚʠʢʦʥʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʘʧʘʨʘʪʫʨʠ ʽ ʪʦʢʩʠʯʥʠʭ ʨʦʟʯʠʥʥʠʢʽʚ [22, 23]; ʚ) ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʄʊʆ  ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʢʫʣʦʥʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʟ ʨʝʘʢʪʠʚʦʤ ʂ. ʌʽʰʝʨʘ [22]. ʎʝʡ 

ʨʝʘʢʪʠʚ ʻ ʪʦʢʩʠʯʥʠʤ ʪʘ ʚʟʘʻʤʦʜʽʻ ʟ ʧʨʦʜʫʢʪʘʤʠ ʦʢʠʩʣʝʥʥʷ (ʦʨʛʘʥʽʯʥʠʤʠ ʢʠʩʣʦʪʘʤʠ, ʩʧʠʨʪʘʤʠ, ʬʝʥʦʣʘʤʠ) 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʄʊʆ, ʱʦ ʩʧʦʪʚʦʨʶʻ ʨʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ, ʟʘʚʠʱʫʶʯʠ ʡʦʛʦ [20]. ʄʝʪʦʜʠ ɻʍ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʚʦʜʠ ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʽʜʠʥʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚ ʄɽʆ, ʪʘʢʠʭ ʥʝʜʦʣʽʢʽʚ ʥʝ ʤʘʶʪʴ [24, 25]. ʅʘ ʜʘʥʠʡ ʯʘʩ ʚ 

ʋʢʨʘʾʥʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚ ʄʊʆ ʚʤʽʩʪʫ ʚʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʟʘʩʪʘʨʽʣʽ ʤʝʪʦʜʠ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʥʜʘʨʪʽʚ ʨʦʟʚʠʥʝʥʠʭ ʜʝʨʞʘʚ: ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ, ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʂʘʥʘʜʠ, 

ʗʧʦʥʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʟʥʘʯʝʥʥʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ ʧʦʪʨʝʙʫʻ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ 

ʜʽʶʯʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʩʧʨʦʤʦʞʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ɻʍ. ʈʦʟʨʦʙʢʘ ʥʦʚʠʭ ʘʙʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚ ʄʊʆ ʚʦʜʠ ʪʘ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʤʝʪʦʜʘʤʠ ɻʍ, ʻ 

ʘʢʪʫʘʣʴʥʠʤ, ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʩʪʘʥʜʘʨʪʽʚ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʦʶʟʫ. ʊʘʢ, ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ ʟʘ ʤʝʪʦʜʘʤʠ ɻʍ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʛʘʟʦʚʽ 

ʭʨʦʤʘʪʦʛʨʘʬʠ, ʱʦ ʚʞʝ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʽʷʭ ɸɽʉ ʋʢʨʘʾʥʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʦʟʯʠʥʝʥʠʭ ʛʘʟʽʚ 

ʚ ʽʟʦʣʷʮʽʡʥʠʭ ʦʣʠʚʘʭ ʝʣʝʢʪʨʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʻ ʚʠʟʥʘʯʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʫʤʦʚ ʡʦʛʦ ʚʠʢʦʥʘʥʥʷ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ɸɽʉ 

ʟʘ ʨʘʭʫʥʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ ʤʘʨʢʠ çTʧ-30è 

ʚʦʜʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʾ ʚʦʜʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ʦʙʣʘʜʥʘʥʥʷ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʘʪʦʤʥʦʾ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʽʟ ʚʦʜʥʦ-ʚʦʜʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʘʢʪʦʨʦʤ ɺɺɽʈ-1000. ɿʘʚʜʘʥʥʷʤʠ ʨʦʙʦʪʠ ʻ: ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ çTʧ-30è; ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʥʦʾ 

ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʚʤʽʩʪʫ ʚ ʄʊʆ ʟʘ ʤʝʪʦʜʦʤ ɻʍ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 15ï75 
Áʉ (288ï348 ʂ); ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʝʢʩʪʨʘʛʝʥʪʘ ʥʘ ʟʜʘʪʥʽʩʪʴ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯoʥoʣè ʽʟ ʄʊʆ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʧʨʦʙʠ ʨʽʜʢʠʭ ʩʝʨʝʜʦʚʠʱ: ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʄʊʆ ʤʘʨʢʠ 

çʊʧ-30è ʜʣʷ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʟʤʘʱʝʥʥʷ ʚʫʟʣʽʚ ʚʦʜʥʦʛʦ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʩʠʩʪʝʤʠ ʮʠʨʢʫʣʷʮʽʾ ʚʦʜʥʦʛʦ 

ʪʝʧʣʦʥʦʩʽʷ ʦʙʣʘʜʥʘʥʥʷ ʜʨʫʛʦʛʦ ʢʦʥʪʫʨʫ ʘʪʦʤʥʦʾ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʽʟ ʚʦʜʥʦ-ʚʦʜʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʨʝʘʢʪʦʨʦʤ 

ɺɺɽʈ-1000 ʈʽʚʥʝʥʩʴʢʦʾ ɸɽʉ; ʛʨʘʜʫʶʚʘʣʴʥʽ ʩʫʤʽʰʽ ɸʆ ʧʨʠʩʘʜʢʠ çIoʥoʣè ʚ ʝʪʘʥʦʣʽ ʽ ʚ ʄʊʆ. ɼʦʩʣʽʜʞʫʚʘʥʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʄʊʆ: ʛʫʩʪʠʥʘ ɟ, ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʫ ʫ 

ʚʽʜʢʨʠʪʦʤʫ ʪʠʛʣʽ tf, ʢʽʥʝʤʘʪʠʯʥʘ ʚ`ʷʟʢʽʩʪʴ ɜ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40 Áʉ, ʢʠʩʣʦʪʥʝ ʯʠʩʣʦ ʂʏ; ʚʤʽʩʪ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʉm; ʚʤʽʩʪ ʚʦʜʠ ʉw [1, 23]; ʚʤʽʩʪ ʉi ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯoʥoʣè [13, 20]. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʄʊʆ 

ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʩʪʫʧʥʽ ʟʘʩʦʙʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ: ʘ) ʛʘʟʦʚʠʡ ʭʨʦʤʘʪʦʛʨʘʬ çKʠʩʪʘʣʣ-2000Mè ʽʟ 

ʧʦʣʫʤ`ʷʥʦ-ʽʦʥʽʟʘʮʽʡʥʠʤ ʜʝʪʝʢʪʦʨʦʤ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ɸʆ ʧʨʠʩʘʜʢʠ çɯoʥʦʣè ʉi  [13, 20]; ʙ) ʛʘʟʦʚʠʡ 

ʭʨʦʤʘʪʦʛʨʘʬ çʃʍʄ-80è ʽʟ ʜʝʪʝʢʪʦʨʦʤ ʟʘ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʉw(ɻʍ) [24, 25]; 

ʪʠʪʨʘʪʦʨ çMettler-Toledo DL32è ï ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚʦʜʠ ʉw(KF) ʟʘ ʤʝʪʦʜʦʤ ʢʫʣʦʥʦʤʝʪʨʠʯʥʦʛʦ 

ʪʠʪʨʫʚʘʥʥʷ ʽʟ ʨʝʘʢʪʠʚʦʤ ʂ. ʌʽʰʝʨʘ [1]; ʚ) ʤʝʤʙʨʘʥʥʽ ʬʽʣʴʪʨʠ ʪʠʧʫ çMilliporeè ʟ ʜʽʘʤʝʪʨʦʤ 47 ʤʤ ʽ ʧʦʨʘʤʠ 
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ʨʦʟʤʽʨʦʤ 1,2 ʤʢʤ, ʪʘ ʤʽʢʨʦʩʢʦʧ ʄʉʍ-50 ï ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʤʽʩʪʫ ʪʘ ʪʠʧʫ (ʧʨʠʨʦʜʠ) ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ [1, 

8, 23]; ʛ) ʰʧʨʠʮʠ ʦʙ`ʻʤʘʤʠ 20 ʩʤ3 ʽ ʪʝʨʤʦʩʪʘʪ FED-53 ï ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʭʘʨʘʢʪʝʨʫ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʜʠʥʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯoʥoʣè ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ ʚʤʽʩʪʫ ʚ ʄʊʆ ʟʘ ʤʝʪʦʜʦʤ ɻʍ [6]. ʄʝʪʦʜʠ ɻʍ 

ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè C ̔ ʚ ʄʊʆ ʟʘʩʥʦʚʘʥʽ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʦʮʝʜʫʨ ʝʢʩʪʨʘʢʮʽʾ 

ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʟ ʄʊʆ ʚʽʜʧʦʚʽʜʥʠʤ ʝʢʩʪʨʘʛʝʥʪʦʤ ʽ ɻʍ ʘʥʘʣʽʟʽ ʦʪʨʠʤʘʥʦʛʦ ʝʢʩʪʨʘʢʪʫ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʘʙʩʦʣʶʪʥʦʛʦ ʛʨʘʜʫʶʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʤʘʻ ʚʠʛʣʷʜ 
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ʜʝ C  ̔ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʘʥʘʣʽʟʦʚʘʥʦʤʫ ʄʊʆ; Sʢ ï ʧʣʦʱʘ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ 

ʧʽʢʫ ʜʣʷ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè; ʂG ï ʛʨʘʜʫʶʚʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʱʦʜʦ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʜʣʷ ʛʘʟʦʚʦʛʦ 

ʭʨʦʤʘʪʦʛʨʘʬʘ; V1 ʽ V2  ï ʦʙ`ʻʤ ʨʽʜʢʦʛʦ ʝʢʩʪʨʘʛʝʥʪʘ ʪʘ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʄʊʆ ʚʽʜʧʦʚʽʜʥʦ; ʂ̔   ï ʢʦʝʬʽʮʽʻʥʪ 

ʨʦʟʧʦʜʽʣʫ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʨʽʚʥʦʚʘʞʥʽʡ ʝʢʩʪʨʘʢʮʽʡʥʽʡ ʩʠʩʪʝʤʽ çʄʊʆ ï ʨʦʟʯʠʥʝʥʠʡ çɯoʥoʣè ï 

ʝʢʩʪʨʘʛʝʥʪè, ʷʢʠʡ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʤʝʪʦʜʦʤ ɻʍ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʜʚʦʨʘʟʦʚʦʾ ʝʢʩʪʨʘʢʮʽʾ ʨʦʟʯʠʥʝʥʦʾ ɸʆ 

ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʟ ʄʊʆ ʦʜʥʘʢʦʚʠʤʠ ʦʙʩʷʛʘʤʠ ʯʠʩʪʦʛʦ ʨʽʜʢʦʛʦ ʝʢʩʪʨʘʛʝʥʪʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʬʦʨʤʫʣʠ [6]: 
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ʜʝ S1, S2 ï ʧʣʦʱʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʽʢʽʚ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʧʽʩʣʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʡʦʛʦ 

ʝʢʩʪʨʘʢʮʽʾ ʟ ʄʊʆ, ʚʽʜʧʦʚʽʜʥʦ. 

1. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʄʊʆ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1 (ʫ ʜʫʞʢʘʭ ï ʥʦʨʤʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʚʠʤʦʛʘʤʠ [1, 22]). 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝ ʄʊʆ çʊʧ-30è 

ʂʏ, ʤʛ 

ʂʆʅ ʥʘ 1 ʛ 

ʄʊʆ 

(<0,6) 

ʉw,  

% ʤʘʩʠ 

(<0,03) 

ʉw(ɻʍ), 

ʛ/ʪ (<300) 

ʉw(KF), ʛ/ʪ 

(<300) 

ʉm,  

% ʤʘʩʠ 

(<0,005) 

ɜ, ʤʤ2/ʩ 

(41,4ï

(60,7) 

tf, Áʉ 

(>185) 

ʉ̔,  

% ʤʘʩʠ 

(Ó0,5) 

ɟ, 

ʛ/ʩʤ3 

(0,895) 

0,025 ʚʽʜʩʫʪʥʻ 465 450 0,0032 46,58 220 0,73 0,895 

 

ɿ ʊʘʙʣʠʮʽ 1 ʚʠʧʣʠʚʘʻ, ʱʦ: ʘ) ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ 

çTʧ-30è ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ ʥʦʨʤʘʤ [1, 22]; ʙ) ʜʣʷ ʄʊʆ ʚʤʽʩʪ ʚʦʜʠ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʤʝʪʦʜʘʤʠ ɻʍ 

(ʉw(ɻʍ)) ʪʘ ʢʫʣʦʥʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʽʟ ʨʝʘʢʪʠʚʦʤ ʂ. ʌʽʰʝʨʘ (ʉw(KF)), ʧʝʨʝʚʠʱʫʻ ʟʥʘʯʝʥʥʷ ʉw, ʱʦ 

ʚʠʟʥʘʯʝʥʦ ʟʘ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʾ ʝʢʩʪʨʘʢʮʽʾ [1, 23]. ɼʣʷ ʥʘʢʦʧʠʯʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʜʦʜʘʪʢʦʚʦ ʜʦ 

ʨʝʛʣʘʤʝʥʪʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʟʘ [1, 23], ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʥʫʚʘʪʠ ʥʘʩʪʫʧʥʽ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʚ ʄʊʆ: ʘ) 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ  ï ʟʘ ʚʠʤʦʛʘʤʠ [8, 22, 23] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʠʧʫ (ʧʨʠʨʦʜʠ) 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ; ʙ) ʚʦʜʠ ï ʟʘ ʚʠʤʦʛʘʤʠ [24, 25] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɻʍ ʪʘ ʟʘ ʚʠʤʦʛʘʤʠ [1] ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʢʫʣʦʥʦʤʝʪʨʠʯʥʦʛʦ ʪʠʪʨʫʚʘʥʥʷ ʽʟ ʨʝʘʢʪʠʚʦʤ ʂ. ʌʽʰʝʨʘ; ʚ) ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ï ʟʘ 

ʚʠʤʦʛʘʤʠ [13, 20] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ɻʍ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ: ʤʝʭʘʥʽʯʥʽ 

ʜʦʤʽʰʢʠ ʚ ʄʊʆ ʥʝ ʻ ʤʝʪʘʣʘʤʠ, ʚʦʣʦʢʥʘʤʠ ʘʙʦ ʤʽʢʨʦʦʨʛʘʥʽʟʤʘʤʠ ʽ ʩʭʦʞʽ ʥʘ ʪʚʝʨʜʠʡ ʚʫʛʣʝʮʴ ʘʙʦ ʦʢʩʠʜʠ 

ʤʝʪʘʣʽʚ; ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ ʚ ʄʊʆ ʥʝ ʤʘʶʪʴ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ 

ʜʦʤʽʰʦʢ ʫ ʄʊʆ ʟʘ ʚʠʤʦʛʘʤʠ [8, 22, 23] ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʽʢʨʦʩʢʦʧʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʠʧ (ʧʨʠʨʦʜʫ) ʮʠʭ 

ʜʦʤʽʰʦʢ. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉi ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʧʨʦʙʽ ʄʊʆ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʜʦʜʘʪʢʫ 

ɸʆ çɯʦʥʦʣʫè, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʙ'ʻʤ V2 ʧʦʨʽʚʥʷʣʴʥʦʾ ʧʨʦʙʠ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʄʊʆ ʜʦʜʘʶʪʴ ʚʽʜʦʤʫ 

ʢʽʣʴʢʽʩʪʴ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʝʢʩʪʨʘʛʝʥʪʽ ʦʙ'ʻʤʫ V1, ʘ ʚ ʦʙ'ʻʤ V2 ʨʦʙʦʯʦʾ ʧʨʦʙʠ 

ʘʥʘʣʽʟʦʚʘʥʦʾ ʄʊʆ ʜʦʜʘʶʪʴ ʨʽʜʢʠʡ ʝʢʩʪʨʘʛʝʥʪ ʦʙ'ʻʤʦʤ V1, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʉi ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣʫè ʚ ʧʨʦʙʽ ʄʊʆ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ [6, 21]: 

( )122

113

CCV

CVC
C i

-Ö

ÖÖ
= , (3) 

ʜʝ ʉi ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ ʧʨʦʙʽ ʄʊʆ; ʉ1 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ 

ʨʽʜʢʦʤʫ ʝʢʩʪʨʘʢʪʽ ʧʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʨʽʜʠʥʥʦʾ ʝʢʩʪʨʘʢʮʽʾ; ʉ3 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʨʽʜʢʦʤʫ 

ʝʢʩʪʨʘʛʝʥʪʽ, ʱʦ ʜʦʜʘʻʪʴʩʷ ʜʦ ʄʊʆ; ʉ2 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ ʨʽʜʢʦʤʫ ʝʢʩʪʨʘʢʪʽ ʧʽʩʣʷ 

ʚʠʢʦʥʘʥʥʷ ʨʽʜʠʥʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ʟ ʧʨʦʙʠ ʄʊʆ ʟ ʜʦʜʘʪʢʦʤ ʜʦ ʥʝʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʫ ʚʠʛʣʷʜʽ ʡʦʛʦ ʨʦʟʯʠʥʫ 

ʚ ʝʢʩʪʨʘʛʝʥʪʽ.  

ɺ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʬʦʨʤʫʣʽ (3) ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʥʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʱʦ ʩʧʨʦʱʫʻ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʚʤʽʩʪʫ ʚ ʄʊʆ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʜʠʥʥʦʾ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʾʾ 

ʚʤʽʩʪʫ ʚ ʄʊʆ ʟʘ ʤʝʪʦʜʦʤ ɻʍ ʚʠʢʦʥʘʥʦ ʟʘ ʤʝʪʦʜʠʢʦʶ [6] ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʄʊʆ ʽʟ ʚʤʽʩʪʦʤ ʫ ʥʽʡ ɸʆ 

ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʉi = 0,73 % ʤʘʩʠ, ʛʘʟʦʚʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ ʪʘ ʝʪʘʥʦʣʫ ʫ ʷʢʦʩʪʽ ʝʢʩʪʨʘʛʝʥʪʫ. ɺʽʜʥʦʰʝʥʥʷ N = 

V1/V2 = 0,2. ɿʥʘʯʝʥʥʷ ʂ̔ ʧʨʠ ʟʘʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ t ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʝʪʘʥʦʣʦʤ ʽʟ ʄʊʆ ʚ 
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ʋ ʬʦʨʤʫʣʽ (4) ʟʥʘʯʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʡ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʉet ʚ ʦʪʨʠʤʘʥʦʤʫ ʝʢʩʪʨʘʛʝʥʪʽ (ʝʪʘʥʦʣʽ) 

ʚʽʜʧʦʚʽʜʘʻ ʧʣʦʱʘ ɻʍ ʧʽʢʫ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè Set, ʷʢʘ ʚʠʟʥʘʯʝʥʘ ʟʘ ʣʽʥʽʡʥʦʶ ʛʨʘʜʫʶʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʪʨʠʤʘʥʦʶ ʤʝʪʦʜʦʤ ʘʙʩʦʣʶʪʥʦʛʦ ʛʨʘʜʫʶʚʘʥʥʷ ʭʨʦʤʘʪʦʛʨʘʬʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʛʨʘʜʫʶʚʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʝʪʘʥʦʣʽ. ɿʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʠʭ ʩʪʫʧʝʥʽʚ ʝʢʩʪʨʘʢʮʽʾ ɸʆ 

ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè R,̔ % ʚʽʜʥʦʩʥʠʡ, ʟ ʄʊʆ ʝʢʩʪʨʘʛʝʥʪʦʤ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʥʘʯʝʥʴ ʂ̔ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 

15ï75 0ʉ ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʋ ʪʘʙʣʠʮʽ 2 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔, ʚʽʜʥʦʩʥʠʭ ʩʪʫʧʝʥʽʚ 

ʝʢʩʪʨʘʢʮʽʾ R  ̔(% ʚʽʜʥʦʩʥʠʡ) ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʪʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉet (% ʤʘʩʦʚʠʡ) ʚ ʝʢʩʪʨʘʢʪʘʭ. 

ʊʘʙʣʠʮʷ 2 

ɿʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔, ʚʽʜʥʦʩʥʠʭ ʩʪʫʧʝʥʽʚ ʝʢʩʪʨʘʢʮʽʾ R ̔ʜʣʷ 

ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʪʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʝʢʩʪʨʘʢʪʘʭ 

t, Áʉ 15 18 20 22 26 32 40 45 55 65 75 

ʂ̔  3.0 2,7 2.5 2.4 2.1 1.8 1.5 1.4 1.3 1.2 1.1 

R,̔% ʚʽʜʥʦʩʥʠʡ 6.3 6.9 7.3 7,7 8.6 10.0 12 13 14 15 15.5 

ʉet, % ʤʘʩʦʚʠʡ 0,095 0,104 0.11 0,12 0.13 0.15 0.17 0.19 0.21 0.22 0.23 

 

ɿ ʪʘʙʣʠʮʽ 2 ʚʠʧʣʠʚʘʻ: ʘ) ʥʘʙʣʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʘʢʮʽʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʝʪʘʥʦʣʫ 

tw =78,37 Áʉ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʙʣʠʞʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʦ ʦʜʠʥʠʮʽ; ʙ) ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʘʢʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʂ̔, ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʶ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯʦʥʦʣè R  ̔ʪʘ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉet ʚ ʝʢʩʪʨʘʢʪʽ; ʚ) ʚ ʽʟʦʪʝʨʤʽʯʥʠʭ ʫʤʦʚʘʭ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʽʟ 

ʄʊʆ ʩʪʫʧʽʥʴ ʝʢʩʪʨʘʢʮʽʾ R  ̔ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʧʦʜʽʣʫ ʂ̔. 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯʦʥʦʣè ʽʟ ʄʊʆ ʝʪʘʥʦʣʦʤ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 15ï75 Áʉ, ʘʥʘʣʦʛʽʯʥʦ [6]. 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʘʢʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʽʟ ʄʊʆ ʝʪʘʥʦʣʦʤ: ʂ̔ ï ʢʦʝʬʽʮʽʻʥʪ 

ʨʦʟʧʦʜʽʣʫ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè; t ï ʪʝʤʧʝʨʘʪʫʨʘ, Áʉ 

 

ɿ ʪʘʙʣʠʮʽ 2 ʪʘ ʨʠʩʫʥʢʫ 1 ʚʠʧʣʠʚʘʻ, ʱʦ: ʝʢʩʪʨʘʢʮʽʶ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʽʟ ʄʊʆ ʝʪʘʥʦʣʦʤ ʤʦʞʥʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ: (20Ñ2) Áʉ (ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ18ï22 Áʉ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ ʂ̔ 

ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚʽʜ 2,7 ʜʦ 2,4, ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 11 % ʚʽʜʥʦʩʥʠʭ); 

(65Ñ10) Áʉ (ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 55ï75 Áʉ ʢʦʝʬʽʮʽʻʥʪʠ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʤʘʶʪʴ 

ʟʥʘʯʝʥʥʷ ʚʽʜ 1,3 ʜʦ 1,1, ʪʘ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʝ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 15 % ʚʽʜʥʦʩʥʠʭ). 

ɿʘʣʝʞʥʽʩʪʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ t ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʘ ʨʽʚʥʷʥʥʷʤ [6]: 

( ) Bt

A
K i

-+
=

273
ln , (6) 

ʜʝ ɸ ʠ ɺ ï ʢʦʝʬʽʮʽʻʥʪʠ (ʪʘʙʣʠʮʷ 3). 

ʋ ʪʘʙʣʠʮʽ 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚʽʜ ʜʽʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ ʾʾ ʝʢʩʪʨʘʢʮʽʾ. 

ʊʘʙʣʠʮʷ 3 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʟʘʣʝʞʥʦʩʪʽ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʢʦʝʬʽʮʽʻʥʪʽʚ ʨʦʟʧʦʜʽʣʫ ʂ̔ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯʦʥʦʣè ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʾʾ ʝʢʩʪʨʘʢʮʽʾ 

t, Áʉ ɸ ɺ ʂ̔ t, 0 ʉ ɸ ɺ ʂ̔ t, 0 ʉ ɸ ɺ ʂ̔ 

15ï32 2650 8,12 2,4 32ï40 1626 4,76 1,7 40ï75 985 2,76 1,3 

 

ʈʝʟʫʣʴʪʘʪʠ, ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʊʘʙʣʠʮʽ 3, ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʨʽʻʥʪʦʚʘʥʦʛʦ 

ʦʮʽʥʶʚʘʥʥʷ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʦʨʤʫʣʠ (1). 
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3. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʭʽʤʽʯʥʦʾ ʧʨʠʨʦʜʠ ʝʢʩʪʨʘʛʝʥʪʘ ʥʘ ʟʜʘʪʥʽʩʪʴ ʝʢʩʪʨʘʛʫʚʘʥʥʷ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯoʥoʣè ʽʟ ʄʊʆ ʚʠʢʦʥʘʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʚ ʽʥʪʝʨʚʘʣʽ 18ï22 0ʉ ʽ N = V1/V2 = 0,2. ɿʘ 

ʛʨʘʜʫʶʚʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʦʪʨʠʤʘʥʦʶ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʨʘʜʫʶʚʘʣʴʥʠʭ ʩʫʤʽʰʝʡ ɸʆ ʧʨʠʩʘʜʢʠ 

çɯʦʥʦʣè ʚ ʝʢʩʪʨʘʛʝʥʪʽ, ʚʠʟʥʘʯʝʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʝʢʩʪʨʘʢʪʽ ʧʽʩʣʷ ʾʾ ʝʢʩʪʨʘʢʮʽʾ ʽʟ ʄʊʆ. 

ʗʢ ʧʦʢʘʟʥʠʢ ʟʜʘʪʥʦʩʪʽ ʝʢʩʪʨʘʛʝʥʪʘ ʝʢʩʪʨʘʛʫʚʘʪʠ ɸʆ ʧʨʠʩʘʜʢʫ çɯoʥoʣè ʽʟ ʄʊʆ ʧʨʠʡʥʷʪʦ ʧʣʦʱʫ S̔ ʜʣʷ 

ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʧʽʢʫ: ʯʠʤ ʙʽʣʴʰʝ ʾʾ ʟʥʘʯʝʥʥʷ, ʪʠʤ ʚʠʱʝ ʟʜʘʪʥʽʩʪʴ ʜʘʥʦʛʦ ʝʢʩʪʨʘʛʝʥʪʘ ʝʢʩʪʨʘʛʫʚʘʪʠ ɸʆ 

ʧʨʠʩʘʜʢʫ çɯoʥoʣè ʟ ʄʊʆ (ʪʘʙʣʠʮʷ 4). ʋ ʪʘʙʣʠʮʽ 4 ʥʘʚʝʜʝʥʦ ʟʥʘʯʝʥʥʷ ʧʣʦʱʠʥ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʽʢʽʚ S̔, 

ʤɺĀʭʚ, ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè, ʱʦ ʦʪʨʠʤʘʥʽ ʧʨʠ ʾʾ ʝʢʩʪʨʘʢʮʽʾ ʽʟ ʄʊʆ ʨʽʟʥʠʤʠ ʝʢʩʪʨʘʛʝʥʪʘʤʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʝʢʩʪʨʘʢʮʽʾ 20 0ʉ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉ̔ = 0,73 % ʤʘʩʠ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʄʊʆ; ʢʦʝʬʽʮʽʻʥʪʠ 

ʨʦʟʧʦʜʽʣʫ ʂ̔ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʝʢʩʪʨʘʛʝʥʪʫ; ʚʽʜʥʦʰʝʥʥʷ çnè ʧʣʦʱʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʧʽʢʫ 

ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʝʢʩʪʨʘʛʝʥʪʫ ʜʦ ʧʣʦʱʽ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ 

ʧʽʢʫ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʢʩʪʨʘʛʝʥʪʫ ï ʝʪʘʥʦʣʫ.  

ʊʘʙʣʠʮʷ 4 

ɿʥʘʯʝʥʥʷ ʧʣʦʱʠʥ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʠʭ ʧʽʢʽʚ ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʧʨʠ ʾʾ ʝʢʩʪʨʘʢʮʽʾ ʨʽʟʥʠʤʠ 

ʝʢʩʪʨʘʛʝʥʪʘʤʠ ʽʟ ʄʊʆ 

ɽʢʩʪʨʘʛʝʥʪ S̔, ʤɺĀʭʚ  n ʂ̔ ɽʢʩʪʨʘʛʝʥʪ S̔, ʤɺĀʭʚ  n ʂ̔ 

ɽʪʘʥʦʣ 6200 1 2,1 ɸʮʝʪʦʥʽʪʨʠʣ 7880 1,3 1,62 

ɯʟʦʧʨʦʧʘʥʦʣ 7400 1,2 1,7 ɸʮʝʪʦʥʽʪʨʠʣ/ʚʦʜʘ = 1/1 150 0,024 - 

 

ɿ ʪʘʙʣʠʮʽ 4 ʚʠʧʣʠʚʘʻ, ʱʦ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʝʢʩʪʨʘʛʝʥʪʽʚ, ʢʨʽʤ ʩʫʤʽʰʽ çʘʮʝʪʦʥʽʪʨʠʣ ï ʚʦʜʘè: ʟʥʘʯʝʥʥʷ 

çnè ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ ʪʘ ʟʥʘʯʝʥʥʷ çS̔è ʙʣʠʟʴʢʽ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʉʫʤʽʰ çʘʮʝʪʦʥʽʪʨʠʣ ï ʚʦʜʘè ʥʝ ʤʦʞʝ 

ʙʫʪʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʥʘʷʚʥʽʩʪʴ ʚʦʜʠ ʚ ʝʢʩʪʨʘʛʝʥʪʽ ʟʥʠʞʫʻ ʟʜʘʪʥʽʩʪʴ ʜʘʥʦʛʦ ʝʢʩʪʨʘʛʝʥʪʘ 

ʝʢʩʪʨʘʛʫʚʘʪʠ ɸʆ ʧʨʠʩʘʜʢʫ çɯoʥoʣè ʟ ʄʊʆ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʚʤʽʩʪʫ ɸʆ 

ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʄʊʆ, ʽ ʚ ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʽʜ 0,05 ʜʦ 0,80 % ʤʘʩʦʚʠʭ, 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʚʽʜʥʦʩʥʽ ʧʦʭʠʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʴ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 28,0 ʜʦ 1,6 % ʚʽʜʥʦʩʥʠʭ, 

ʚʽʜʧʦʚʽʜʥʦ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ çTʧ-30è ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʚʩʽ ʧʦʢʘʟʥʠʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʄʊʆ çTʧ-30è ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʥʦʨʤʘʤ. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʉi ʜʣʷ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè ʚ ʧʨʦʙʽ ʄʊʆ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜ ʜʦʜʘʪʢʫ 

ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚ ʦʙ'ʻʤ V2 ʧʦʨʽʚʥʷʣʴʥʦʾ ʧʨʦʙʠ ʘʥʘʣʽʟʦʚʘʥʦʛʦ ʄʊʆ ʜʦʜʘʶʪʴ 

ʚʽʜʦʤʫ ʢʽʣʴʢʽʩʪʴ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʨʽʜʢʦʤʫ ʝʢʩʪʨʘʛʝʥʪʽ ʦʙ'ʻʤʫ V1, ʘ ʚ ʦʙ'ʻʤ V2 ʨʦʙʦʯʦʾ 

ʧʨʦʙʠ ʘʥʘʣʽʟʦʚʘʥʦʾ ʄʊʆ ʜʦʜʘʶʪʴ ʨʽʜʢʠʡ ʝʢʩʪʨʘʛʝʥʪ ʦʙ'ʻʤʦʤ V1, ʱʦ ʥʝ ʤʽʩʪʠʪʴ ɸʆ ʧʨʠʩʘʜʢʠ çɯʦʥʦʣè. 
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TRIPLE MULTIPLICATIV E THERMORESONANCES ON THE SPECTRA OF EXCHANGE INERTIAL 

RADIATION GENERATED IN NON-EQUILIBRIUM MEDIA WI TH CONTACT GAPS IN ENGINEERING, 

COSMIC, PSEUDO-ELEMENTARY AND BIOLO GICAL SYSTEMS IN COM PLEX SPACE WITH TRIP LET 

VIOLATION OF ANTISYM METRY  
 

Calculated ratios that quantitatively describe the properties of resonance triplets of inertial radiation generated in non-
equilibrium systems of various scales and levels of organization are given. The multiplicative nature of the energy of resonant components is 
revealed, which is significantly different from the additive principles of the formation of known triplet structures. The mechanism of triplet 
violation of the antisymmetry of the complex space is established, which ensures the avoidance of annihilation of the energy created 
according to the principle of Creatio ex nihilo in the topological contact gaps between the real and imaginary half-spaces. There is a marked 
dilution of the dominant energy cascades - direct in the imaginary and inverted in the real half-space. The analysis of resonant triads on 
nuclear and collider spectra was carried out, the components of these spectra were explained and quantitatively calculated. The muon 
structure of hadrons was confirmed and the parameters of this structure were calculated, as well as the parameters of the collider proton-
muon plasma, alternative to the known models of the quark-gluon plasma. The calculation of the spectra of cosmic rays of low, medium, high 
and ultra-high energies was made, which quantitatively corresponds to natural data. Triple resonances in the spectra of the Sun's radiation 
and the spectra of solar and geomagnetic activity were detected and quantified. It is shown that the solar spectrum is significantly different 
from the blackbody spectrum, and the main periods of the Sun's activity are determined by resonant triads on the scale of the heliosphere. 
Calculated parameters of the cold outer photosphere at the periphery of the Solar System, the background microwave radiation of which is 
usually erroneously attributed to the account of a "relic" from the so-called Big bang. The analysis of resonant triplets on the spectra of 
acoustic disturbances in technical systems was carried out. Synchronization of gravitational and electromagnetic modes is noted, which 
leads to dangerous buffeting modes. The relationship between geodynamic, climatic and biological processes on the planet and the activity of 
cavitation topological gaps on the periphery of the Solar System has been established. The mechanism of contact capillary 
thermostabilization of the human body was revealed and the multiplicative triplet coronavirus destruction of this mechanism was noted. 

Key words: triple thermal resonances, principle of multiplicativity, violation of antisymmetry, inertial radiation, non-equilibrium 
medium, topological discontinuity. 
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ɸʢʪʫʘʣʴʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

ʐʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʙʘʛʘʪʴʦʭ ʨʦʟʜʽʣʘʭ ʬʽʟʠʢʠ (ʢʣʘʩʠʯʥʽʡ ʤʝʭʘʥʽʮʽ, ʪʝʨʤʦʜʠʥʘʤʽʮʽ, 

ʝʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʽ, ʦʧʪʠʮʽ, ʢʣʘʩʠʯʥʽʡ ʪʘ ʢʚʘʥʪʦʚʽʡ ʩʪʘʪʠʩʪʠʢʘʭ, ʢʚʘʥʪʦʚʽʡ ʤʝʭʘʥʽʮʽ, ʢʚʘʥʪʦʚʽʡ ʪʝʦʨʽʾ ʧʦʣʷ ʪʘ 

ʽʥ.) ʧʨʠʥʮʠʧ ʘʜʠʪʠʚʥʦʩʪʽ (ʩʫʧʝʨʧʦʟʠʮʽʾ) ʥʝ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʩʪʦʩʦʚʘʥʠʡ ʫ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʧʨʠʥʮʠʧʦʤ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʩʪʽ, ʘʜʝʢʚʘʪʥʠʤ ʜʣʷ ʦʧʠʩʘʥʥʷ 

ʥʝʣʽʥʽʡʥʠʭ ʪʘ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʬʽʟʠʯʥʠʭ ʩʠʩʪʝʤ. ʅʠʞʯʝ ʥʘʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ 

ʪʨʦʾʩʪʠʭ ʪʝʨʤʦʨʝʟʦʥʘʥʩʽʚ, ʧʨʦʷʚʣʝʥʠʭ ʥʘ ʩʧʝʢʪʨʘʭ ʦʙʤʽʥʥʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ [1ï3], 

ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʚ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʟ ʢʦʥʪʘʢʪʥʠʤʠ ʨʦʟʨʠʚʘʤʠ ʚ ʧʨʠʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ 

ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ. ʎʝʡ ʘʥʘʣʽʟ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʜʽʡʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʤʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʨʦʟʰʠʨʝʥʥʽ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʻ ʧʦʨʫʰʝʥʥʷ ʟʘʢʦʥʽʚ ʟʙʝʨʝʞʝʥʥʷ ( ʝʥʝʨʛʽʾ, 

ʽʤʧʫʣʴʩʫ ʪʘ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ) ʚ ʥʝʦʜʥʦʨʽʜʥʦʤʫ ʘʥʽʟʦʪʨʦʧʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ  ʯʘʩʽ . ʊʘʢʦʛʦ ʨʦʜʫ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʪʘ ʘʥʽʟʦʪʨʦʧʽʷ ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʜʫʩʽʤ ʜʣʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʟʦʥ ʜʠʥʘʤʽʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ, ʚʽʜʟʥʘʯʝʥʠʭ ʨʦʟʨʠʚʘʤʠ ʪʘ ʪʫʨʙʫʣʝʥʪʥʽʩʪʶ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʦʨʫʰʝʥʥʷ ʘʥʪʠʩʠʤʝʪʨʽʾ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʜʣʷ ʫʥʠʢʥʝʥʥʷ ʘʥʽʛʽʣʷʮʽʾ ʝʥʝʨʛʽʾ, ʩʪʚʦʨʝʥʦʾ ʟʘ ʧʨʠʥʮʠʧʦʤ 

Creatio ex nihilo ʚ ʘʥʪʠʩʠʤʝʪʨʠʯʥʠʭ ʩʠʩʪʝʤʘʭ [2-3]. ʎʝ ʧʦʨʫʰʝʥʥʷ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʤʘʻ ʪʨʠʧʣʝʪʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʫ ʧʨʠʨʦʜʫ. ʆʩʪʘʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʨʦʟʚʝʜʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʘʩʢʘʜʽʚ ï 

ʦʙʝʨʥʝʥʠʡ ʢʘʩʢʘʜ (ʚ ʙʽʢ ʚʝʣʠʢʠʭ ʯʘʩʦʚʠʭ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʤʘʩʰʪʘʙʽʚ) ʚ ʜʽʡʩʥʽʡ ʯʘʩʪʠʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʨʦʩʪʦʨʫ ʪʘ ʧʨʷʤʠʡ ʢʘʩʢʘʜ (ʚ ʙʽʢ ʤʝʥʰʠʭ ʤʘʩʰʪʘʙʽʚ) ʚ ʡʦʛʦ ʫʷʚʥʽʡ ʯʘʩʪʠʥʽ. ʅʝʨʽʚʥʦʚʘʞʥʠʡ ʢʦʥʪʘʢʪ ʦʙʦʭ 

ʯʘʩʪʠʥ ʤʘʻ ʚʽʜʥʦʩʥʠʡ ʤʝʟʦʩʢʦʧʽʯʥʠʡ ʤʘʩʰʪʘʙ, ʟʘʣʝʞʥʠʡ ʚʽʜ ʨʽʚʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ, ʢʦʪʨʘ ʟʘʟʚʠʯʘʡ 

ʢʫʩʦʯʥʦ-ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʘ. ʇʽʜʤʽʥʘ ʜʦʤʽʥʫʶʯʦʛʦ ʦʙʝʨʥʝʥʦʛʦ ʢʘʩʢʘʜʫ ʥʘ ʧʨʷʤʠʡ ʫ ʚʽʜʦʤʠʭ ʪʝʦʨʽʷʭ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ( ʂʦʣʤʦʛʦʨʦʚʘ-ʆʙʫʭʦʚʘ ʽ ʪ.ʧ. [4] ) ʦʙʫʤʦʚʣʶʻ ʚʩʽ ʪʨʫʜʥʦʱʽ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʦʧʠʩʘʥʥʷ ʪʘʢʦʾ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ. ɸʜʝʢʚʘʪʥʠʤʠ ʪʫʪ ʻ ʥʝ ʚʽʜʦʤʽ ʨʽʚʥʷʥʥʷ ʅʘʚôʻ-ʉʪʦʢʩʘ ʪʘ ʾʭ ʩʧʨʦʱʝʥʽ ʘʥʘʣʦʛʠ, 

ʘ ʨʽʚʥʷʥʥʷ ʄʘʢʩʚʝʣʣʘ ʚ ʛʽʜʨʦʜʠʥʘʤʽʯʥʦ-ʭʚʠʣʴʦʚʦʤʫ ʢʘʣʽʙʨʫʚʘʥʥʽ ʧʦʪʝʥʮʽʘʣʽʚ [3]. 

ʂʦʥʪʘʢʪ ʜʽʡʩʥʦʛʦ ʪʘ ʫʷʚʥʦʛʦ ʧʽʚʧʨʦʩʪʦʨʽʚ ʻ ʢʚʘʟʽʜʚʦʚʠʤʽʨʥʠʤ ʽʟ ʟʘʢʨʠʪʦʶ ʙʫʣʴʙʘʰʢʦʚʦʶ, ʘʙʦ ʞ 

ʚʽʜʢʨʠʪʦʶ ʩʪʨʫʤʝʥʝʚʦʶ ʪʦʧʦʣʦʛʽʻʶ [2, 3], ʱʦ ʧʦʷʩʥʶʻ ʥʝʘʜʝʢʚʘʪʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʥʫʣʴ-ʤʽʨʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ 

ʬʽʟʠʯʥʠʭ ʤʦʜʝʣʝʡ ʚ ʛʘʣʫʟʷʭ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʢʦʩʤʦʩʫ: ʩʪʘʥʜʘʨʪʥʦʾ ʤʦʜʝʣʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ (SM) 

ʪʘ ʩʪʘʥʜʘʨʪʥʦʾ ʢʦʩʤʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ (Lambda-CDM). ʇʝʨʰʘ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʭʠʙʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʦʯʢʦʚʠʭ 

ʢʚʘʨʢʽʚ-ʧʘʨʪʦʥʽʚ, ʘ ʜʨʫʛʘ ï ʥʘ ʽʣʶʟʦʨʥʽʡ ʽʜʝʾ ʢʦʩʤʦʣʦʛʽʯʥʦʾ ʩʠʥʛʫʣʷʨʥʦʩʪʽ ( ʪ.ʟ. ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ). ʆʙʠʜʚʽ 

ʤʦʜʝʣʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ, ʘʙʦ ʞ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʘʧʝʣʶʶʪʴ ʜʦ ʩʧʝʮʽʘʣʴʥʦʾ ʪʘ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʡ ʚʽʜʥʦʩʥʦʩʪʽ 

ɽʡʥʰʪʝʡʥʘ, ʩʘʤʦʦʙʤʝʞʝʥʠʭ ʣʠʰʝʥʴ ʜʽʡʩʥʦʶ ʯʘʩʪʠʥʦʶ ʟʘʛʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʪʘ ʨʫʭʦʤ ʽʟ 

ʜʦʩʚʽʪʣʦʚʠʤʠ ʽ ʩʚʽʪʣʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɿʥʷʪʪʷ ʮʠʭ ʰʪʫʯʥʠʭ ʦʙʤʝʞʝʥʴ, ʷʢ ʧʦʢʘʟʘʥʦ ʥʠʞʯʝ, ʜʦʟʚʦʣʷʻ 

ʘʜʝʢʚʘʪʥʦ ʟʨʦʟʫʤʽʪʠ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʽʻʨʘʨʭʽʾ ʢʦʩʤʽʯʥʠʭ, ʪʝʭʥʽʯʥʠʭ, ʧʩʝʚʜʦʝʣʝʤʝʥʪʘʨʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ 

ʩʠʩʪʝʤ. 

 

                           ʆʩʥʦʚʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

            ɻʽʜʨʦʜʠʥʘʤʽʯʥʦ-ʭʚʠʣʴʦʚʝ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʨʽʚʥʷʥʥʷʭ ʄʘʢʩʚʝʣʣʘ ʪʘ ʚ ʾʭ ʘʥʘʣʦʛʘʭ ʜʣʷ 

ʛʨʘʚʽʪʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [3] ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷʥʥʷ ʱʦʜʦ ʚʝʢʪʦʨ-ʧʦʪʝʥʮʽʘʣʽʚ V  ʽʥʝʨʮʽʡʥʠʭ 

ʟʙʫʨʝʥʴ: 
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ʊʫʪ a , 
co
u , 

p h
V ï ʚʽʜʧʦʚʽʜʥʦ, ʧʦʚʥʘ ʧʦʭʽʜʥʘ ʚʝʢʪʦʨ-ʧʦʪʝʥʮʽʘʣʫ ʟʘ ʯʘʩʦʤ (ʟ ʨʦʟʤʽʨʥʽʩʪʶ 

ʧʨʠʩʢʦʨʝʥʥʷ), ʢʦʦʧʝʨʘʪʠʚʥʘ ʚôʷʟʢʽʩʪʴ ʪʘ ʬʘʟʦʚʘ ʰʚʠʜʢʽʩʪʴ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ: 
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d V V

a V V
d t t

µ
= = + ÖÐ

µ
 , , ,

B

co p h

B

Q YY V Y
V Q

m m Q Y
u

Ö
= = = =  ,                (2-5)

   

ʜʝ  ,
B

Y Y ï ʨʦʟʰʠʨʝʥʠʡ ʘʥʘʣʦʛ ʩʪʘʣʦʾ ʇʣʘʥʢʘ  ʪʘ ʡʦʛʦ ʙʘʟʦʚʝ ʟʥʘʯʝʥʥʷ, mï ʽʥʝʨʪʥʘ ʤʘʩʘ ʢʚʘʥʪʽʚ ʟʙʫʨʝʥʴ, 

V ï ʾʭ ʛʨʫʧʦʚʘ ʰʚʠʜʢʽʩʪʴ (ʤʦʜʫʣʴ ʚʝʢʪʦʨ-ʧʦʪʝʥʮʽʘʣʫ), Q ï ʯʠʩʣʦ ʢʨʘʪʥʦʩʪʽ [3]. ɿʥʘʢʠ ° ʚ (1) ʩʪʦʩʫʶʪʴʩʷ, 

ʚʽʜʧʦʚʽʜʥʦ, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʪʘ ʛʨʘʚʽʪʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʽʚ. 

ɺʽʜʰʫʢʫʶʯʠ ʨʽʰʝʥʥʷ (1) ʫ ʚʠʛʣʷʜʽ [3]: 
( )

,
( )

r
i t k r m

a
l m

V V e
w j

q
+ Ö Ö

= Ö ÖQ   , 
( )

,
( )

r
i t k r m

a
l m

V V e
w j

q
- Ö Ö

= Ö ÖQ  ,   (6,7) 

ʜʝ aV ï ʢʦʤʧʣʝʢʩʥʘ ʘʤʧʣʽʪʫʜʘ, i ï ʫʷʚʥʘ ʦʜʠʥʠʮʷ, t ï ʯʘʩ, r ï ʨʘʜʽʫʩ-ʚʝʢʪʦʨ, ,q jï ʧʦʣʷʨʥʠʡ ʪʘ 

ʘʟʠʤʫʪʘʣʴʥʠʡ ʢʫʪʠ ʩʬʝʨʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, , ,
r

k mw ï ʮʠʢʣʽʯʥʘ ʯʘʩʪʦʪʘ, ʨʘʜʽʘʣʴʥʝ ʪʘ ʤʘʛʥʽʪʥʝ 

(ʘʟʠʤʫʪʘʣʴʥʝ) ʢʚʘʥʪʦʚʦ-ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʟʙʫʨʝʥʴ, 
,

( )
l m
qQ ï ʧʦʣʷʨʥʘ ʯʘʩʪʠʥʘ ʩʬʝʨʠʯʥʠʭ ʬʫʥʢʮʽʡ, ʚʽʜʧʦʚʽʜʥʘ 

ʟʙʝʨʝʞʝʥʥʶ ʢʚʘʜʨʘʪʫ ʦʨʙʽʪʘʣʴʥʦʛʦ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʟʙʫʨʝʥʴ ʪʘ ʡʦʛʦ ʧʨʦʝʢʮʽʾ ʥʘ ʜʦʚʽʣʴʥʫ ʚʽʩʴ, l  ï 

ʦʨʙʽʪʘʣʴʥʝ ʢʚʘʥʪʦʚʝ ʯʠʩʣʦ, ʘ ʪʘʢʦʞ ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʦʥʘʥʩʥʝ ʟʘʥʫʣʝʥʥʷ ʦʧʝʨʘʪʦʨʽʚ ʜôɸʣʘʤʙʝʨʘ ʚ ʧʨʘʚʽʡ 

ʯʘʩʪʠʥʽ (1), ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʨʽʚʥʷʥʥʷ [3]: 
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ʎʽ ʨʽʚʥʷʥʥʷ ʤʘʶʪʴ ʨʽʰʝʥʥʷ, ʟʦʢʨʝʤʘ, ʟʘ ʫʤʦʚʠ 0
r

k = : 
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p h

l l

r V

w+
=        (10) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥʷ: 
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+
=  ,      (11) 

ʟʘ ʷʢʦʛʦ (10) ʧʝʨʝʧʠʰʝʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
2

2

2l

p h

k
V

w
=  ,      (12) 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ ʨʽʰʝʥʴ ʭʚʠʣʴʦʚʠʭ ʨʽʚʥʷʥʴ. ʆʧʫʩʢʘʶʯʠ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽʥʜʝʢʩ ( )
l

l k k= , ʜʦʤʥʦʞʠʤʦ (12) 

ʥʘ ʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 
2 2 2 2
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Y k Y

m m V

wÖ Ö
=       (13) 

ɺʚʝʜʝʤʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
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2Y k
m V

m

Ö
=  ,     (14) 

ʟʛʽʜʥʦ ʟ ʷʢʠʤ ʟ (13) ʦʪʨʠʤʘʻʤʦ: 
2 2 2

( )
ʨh

m V m V YwÖ =  ,     (15) 

ʘʙʦ ʞ: 

,
p h

Y m V V Yk m Vw= Ö Ö =      (16, 17) 

ʄʫʣʴʪʠʧʣʽʢʘʪʠʚʥʘ ʬʦʨʤʘ ʚʠʨʘʟʫ (15) ʜʦʟʚʦʣʷʻ ʚʚʝʩʪʠ ʪʨʠ ʚʟʘʻʤʦʟʘʣʝʞʥʠʭ ʢʚʘʥʪʠ ʽʥʝʨʮʽʡʥʠʭ 

ʟʙʫʨʝʥʴ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʥʝʨʛʽʷʤʠ: 

M p h
E m V V Yw= Ö Ö =      (18) 

2
/

E p h E
E m V Y Q Yw w= Ö = = Ö     (19) 

2

W W
E m V Y Q Yw w= Ö = Ö = Ö ,    (20) 

ʧʨʠʯʦʤʫ ʟʛʽʜʥʦ ʟ (15) ʚʠʢʦʥʫʻʪʴʩʷ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 
2

M E W
E E E= Ö        (21) 

ɯʥʜʝʢʩʠ , ,M E W  ʩʢʣʘʜʦʚʠʭ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʨʠʧʣʝʪʫ ʫʤʦʚʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʝʨʝʜʥʶ (Middle), çʩʭʽʜʥʫè 

(East) ʪʘ çʟʘʭʽʜʥʫè (West) ʢʦʤʧʦʥʝʥʪʠ. ʊʘʢʦʛʦ ʨʦʜʫ ʛʝʦʛʨʘʬʽʷ ʚʠʧʨʘʚʜʘʥʘ ʪʠʤ, ʱʦ ʧʨʠ 1Q  çʩʭʽʜʥʘè 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʩʧʝʢʪʨʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʨʘʚʽʰʝ, ʘ çʟʘʭʽʜʥʘè ï ʣʽʚʽʰʝ ʩʝʨʝʜʥʴʦʾ ï ʧʦʜʽʙʥʦ ʜʦ 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʧʨʷʤʽʚ ʥʘ ʢʘʨʪʽ. 

ɿ (16, 17) ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ ʜʣʷ ʯʘʩʪʦʪʠ ʩʝʨʝʜʥʴʦʾ ʢʦʤʧʦʥʝʥʪʠ: 

2B

M M

Y
k

m
w = Ö        (22) 

ɺʚʦʜʷʯʠ ʘʥʘʣʦʛʠ ʚʠʨʘʟʫ (17) ʜʣʷ ʨʝʰʪʠ ʢʦʤʧʦʥʝʥʪ, ʦʪʨʠʤʘʻʤʦ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʽ ʯʘʩʪʦʪʥʽ ʘʥʘʣʦʛʠ ʜʣʷ ʮʠʭ 

ʢʦʤʧʦʥʝʥʪ: 

2 2
,

B B

E E W W

Y Y
k k

m m
w w= Ö = Ö,     (23, 24) 

ʧʨʠʯʦʤʫ: 
2

/ , ,
E M W M M E W

Q Qw w w w w w w= = Ö = Ö     (25ï27) 

2
/ , ,

E M W M M E W
k k Q k k Q k k k= = Ö = Ö    (28ï30) 

ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʘ 
co
u  ʝʥʝʨʛʽʾ ʩʢʣʘʜʦʚʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʪʨʠʧʣʝʪʽʚ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʧʠʩʘʥʽ ʪʘʢʦʞ ʫ 

ʚʠʛʣʷʜʽ: 
2

co B B
E Y k Y k Vu= Ö Ö = Ö Ö,      (31) 

ʜʝ ʭʚʠʣʴʦʚʽ ʯʠʩʣʘ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (28ï30). 
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ʚʨʘʭʦʚʫʶʯʠ (31), ʦʪʨʠʤʘʻʤʦ ʥʘʩʪʫʧʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʚʽʪʠʤʦʩʪʽ: 

2

1

2 2
( ) ( 1)

8

h e

E

T

h e

B co

E
E e

Y
e

p u

-
= Ö -

Ö Ö
 ,    (32) 

ʜʝ  
h e

T ï ʭʽʪʦʥʥʘ ʪʝʤʧʝʨʘʪʫʨʘ [2, 3]. ʅʘ ʤʝʞʽ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ ʤʘʻʤʦ ʭʘʨʘʢʪʝʨʥʫ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ 

ʩʚʽʪʠʤʦʩʪʽ  ʚʽʜ ʝʥʝʨʛʽʾ: 
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ɼʣʷ ʛʝʪʝʨʦʛʝʥʥʦʾ ʙʫʣʴʙʘʰʢʦʚʦʾ ʢʚʘʥʪʦʚʦʾ ʩʠʩʪʝʤʠ ʽʥʝʨʮʽʡʥʠʭ (ʭʽʪʦʥʥʠʭ) ʟʙʫʨʝʥʴ [2,3] ʜʦʮʽʣʴʥʦ 

ʨʦʟʛʣʷʥʫʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ  ʨʦʟʧʦʜʽʣ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ: 
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ʅʘ ʤʝʞʽ ʥʠʟʴʢʠʭ ʯʘʩʪʦʪ ʮʝʡ ʨʦʟʧʦʜʽʣ ʚʠʭʦʜʠʪʴ ʥʘ ʭʘʨʘʢʪʝʨʥʠʡ ʩʪʘʣʠʡ ʨʽʚʝʥʴ (ʩʭʦʜʠʥʢʫ), ʟʘʣʝʞʥʠʡ ʚʽʜ 

ʭʽʪʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ [2, 3]: 
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ɯʥʪʝʛʨʘʣʴʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʩʚʽʪʠʤʽʩʪʴ ʭʽʪʦʥʥʦʛʦ ʪʝʨʤʦʢʦʤʧʣʝʢʩʫ ʟʘʜʘʻʪʴʩʷ ʚʠʨʘʟʦʤ: 
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ʜʝ  (3) 1, 2 0 2z º ï ʜʟʝʪʘ-ʬʫʥʢʮʽʷ ʈʽʤʘʥʘ. ɸʥʘʣʦʛʠ ʟʘʢʦʥʽʚ ɺʽʥʘ ʪʫʪ ʤʘʶʪʴ ʚʠʜ [2, 3]: 
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ʜʝ  1, 5936, 3, 3809
he he
g bº º      (39, 40) 

ς ʭʘʨʘʢʪʝʨʥʽ ʢʦʥʩʪʘʥʪʠ ʚʽʜʧʦʚʽʜʥʠʭ ʪʨʘʥʩʮʝʥʜʝʥʪʥʠʭ ʨʽʚʥʷʥʴ [2, 3]. ɿ ʚʠʱʝʥʘʚʝʜʝʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ  ʜʣʷ ʭʽʪʦʥʥʦʛʦ ʛʘʟʫ ʪʘʢʦʞ ʩʣʽʜʫʻ: 
*

2

m ax

( )
(3)

h e h e B h e
T Y Rb

l z

Ö Ö
=       (41) 

ʊʫʪ 
m ax
l  ʪʘ  

m ax
E   ï ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʪʘ ʝʥʝʨʛʽʷ ʟʙʫʨʝʥʴ ʚ ʝʢʩʪʨʝʤʫʤʘʭ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʝʢʪʨʽʚ. 

ɺʘʞʣʠʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʻ ʛʫʩʪʠʥʘ r  ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ ʄ  [1ï3]. ʆʩʪʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ  

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

  
2

2
ɹ

M V k T= Ö                                                                                                               (42) 

ʜʝ ,
ɹ

k T ï ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ ʪʘ ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʪʘʥʽ ʣʦʢʘʣʴʥʦʾ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʟ ʨʝʯʦʚʠʥʦʶ. ʇʨʠ ʮʴʦʤʫ 
m ax
l  ʟʘʜʦʚʽʣʴʥʷʻ ʦʜʥʦʯʘʩʥʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ (38)  ʪʘ 

ʢʣʘʩʠʯʥʦʤʫ ʟʘʢʦʥʫ ɺʽʥʘ: 

m ax

ɹ

ch

k T
l

b
=

Ö Ö
      (43) 

ʊʫʪ cï ʰʚʠʜʢʽʩʪʴ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ,  h ï ʩʪʘʣʘ ʇʣʘʥʢʘ,  4 , 9 6 5bº  ï ʭʘʨʘʢʪʝʨʥʠʡ ʢʦʨʽʥʴ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʚʠʨʘʟ ʜʣʷ ʛʫʩʪʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ  
3

1m ax m ax

m ax m ax3

m ax

33
,

4 4 2

M kM
R k

R

l
r

p p p

-
= = = = ,     (44, 45) 

 

ʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʪʨʠʤʘʻʤʦ: 
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2 2

2

3 3
( ) ( )

ɹ ɹ
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m k T k T

ch Q ch

b b
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u

Ö Ö Ö
= Ö = Ö

Ö
    ,   

3

m a x

2 2

3 ( )c m f

Q

l
r

b

Ö Ö
=

Ö
        (46,47)

  

ɺ ʦʩʪʘʥʥʴʦʤʫ ʚʠʨʘʟʽ ʬʽʛʫʨʫʻ ʭʘʨʘʢʪʝʨʥʘ ʯʘʩʪʦʪʘ ʥʘ ʩʧʝʢʪʨʘʭ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ [1ï3]. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ  

ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʛʣʷʜʫ [2, 3], ʧʘʨʘʤʝʪʨ Q  ʪʫʪ ʥʝ ʧʦʚôʷʟʫʻʪʴʩʷ ʟ ʢʦʩʠʥʫʩʦʤ ʢʫʪʘ ʤʽʞ 

ʽʤʧʫʣʴʩʦʤ ʪʘ ʛʨʫʧʦʚʦʶ ʰʚʠʜʢʽʩʪʶ ʢʚʘʥʪʽʚ, ʦʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚ ʟʙʝʨʝʞʝʥʥʷ ʢʚʘʜʨʘʪʫ ʤʦʤʝʥʪʫ ʽʤʧʫʣʴʩʫ ʪʘ ʡʦʛʦ 

ʧʨʦʝʢʮʽʾ ʩʘʤ ʽʤʧʫʣʴʩ ʷʢ ʪʘʢʠʡ ʥʝ ʟʙʝʨʽʛʘʻʪʴʩʷ. ʆʪʞʝ, ʧʘʨʘʤʝʪʨ Q  ʪʫʪ ʤʦʞʝ ʙʫʪʠ ʷʢ ʙʽʣʴʰʠʤ, ʪʘʢ ʽ ʤʝʥʰʠʤ 

ʟʘ ʦʜʠʥʠʮʶ. 

ɺʠʱʝʥʘʚʝʜʝʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ 
B

Y  

ʚʢʣʶʯʘʶʪʴ ʩʪʘʣʫ ʇʣʘʥʢʘ ( )
B

Y = . ɺʽʜʧʦʚʽʜʥʠʡ ʙʘʟʦʚʠʡ ʧʘʨʘʤʝʪʨ ʚ ʩʠʩʪʝʤʽ ʛʨʘʚʽʪʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʚʚʦʜʠʪʴʩʷ ʯʝʨʝʟ ʫʥʽʚʝʨʩʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʦʾ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ  a   [2,3], ʷʢ ʟʘʟʥʘʯʝʥʦ ʥʠʞʯʝ. 

ɻʨʘʚʽʪʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ, ʥʝ ʤʘʻ ʚʩʪʘʣʝʥʦʛʦ ʙʘʟʦʚʦʛʦ ʧʘʨʘʤʝʪʨʫ 
B

Y  (ʟʘ ʪʠʧʦʤ 

), ʱʦ ʩʧʦʤʽʞ ʽʥʰʦʛʦ ʟʥʽʤʘʻ ʪʫʪ ʘʚʪʦʤʘʪʠʯʥʝ ʧʘʜʽʥʥʷ ʭʽʪʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʠʭ 

ʤʘʩʰʪʘʙʽʚ, ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʭʽʪʦʥʥʠʭ ʩʠʩʪʝʤ ʛʨʘʚʽʪʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʘʨʘʤʝʪʨ 

B
Y  ʚʚʦʜʠʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ [2,3]: 

2 22

,
g g

B

B

G M G Me
Y

c Y c c
a

a

Ö Ö
= = =

Ö Ö
   (ʩʠʩʪʝʤʘ ʉɻʉ)                                                      (48, 49) 

  

ʜʝ  G ï ʩʪʘʣʘ ʚʩʝʩʚʽʪʥʴʦʛʦ ʪʷʞʽʥʥʷ, 
g

M ï ʧʨʠʻʜʥʘʥʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʤʘʩʘ. ʅʘʚʝʜʝʤʦ ʪʘʢʦʞ ʨʷʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ 

[2,3], ʱʦ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ: 

1 2
, 2

B

g g

g

Y C
k R M V T

Tb

- Ö
= = Ö =

Ö
                                                                                (50, 51) 
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   (52,53) 

ɺʨʘʭʫʻʤʦ ʪʘʢʦʞ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

2 1 / 2
2

, 7 , 4 3 ( / )
g

g

G M
V V G M R

Rab
= º Ö     (54, 55) 

2 2 2 2

2 3 32 4

5 5, 2
g g

Q Q
R R

G M G M

p ab p
t = Ö º Ö Ö, 

1

m ax
( ) , / / 7 , 4 3

K
f Qt l t t
-

= º   (56-58) 

ʊʫʪ ,R tï ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʤʽʨʥʠʡ ʧʘʨʘʤʝʪʨ (ʨʘʜʽʫʩ) ʪʘ ʭʘʨʘʢʪʝʨʥʠʡ ʧʝʨʽʦʜ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ, 
g

T ï 

ʬʦʨʤʘʣʴʥʦ ʚʚʝʜʝʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʛʨʘʚʽʪʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 
g
r ï ʛʫʩʪʠʥʘ ʧʨʠʻʜʥʘʥʦʾ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʤʘʩʠ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ (54-58) ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʽʜʤʽʥʥʽʩʪʴ ʰʚʠʜʢʽʩʥʠʭ ʽ ʯʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʠʭʦʨ-

ʭʚʠʣʴʦʚʦʛʦ ʨʫʭʫ ʚ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʱʦʜʦ ʚʽʜʦʤʠʭ ʂʝʧʣʝʨʦʚʠʭ ʬʦʨʤ. ʎʷ ʚʽʜʤʽʥʥʽʩʪʴ ʟʘʟʚʠʯʘʡ ʥʝʚʽʨʥʦ 

ʚʽʜʥʦʩʠʪʴʩʷ ʥʘ ʨʘʭʫʥʦʢ ʪ.ʟ. ʪʝʤʥʦʾ ʝʥʝʨʛʽʾ ʡ ʧʨʠʭʦʚʘʥʦʾ ʤʘʩʠ [4]. 

 

ʈʝʟʦʥʘʥʩʥʽ ʪʨʽʘʜʠ ʥʘ ʩʧʝʢʪʨʘʭ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʫ ʧʩʝʚʜʦʝʣʝʤʝʥʪʘʨʥʠʭ ʩʠʩʪʝʤʘʭ 

ʂʦʥʪʘʢʪʥʘ ʛʝʥʝʨʘʮʽʷ ʝʥʝʨʛʽʾ ʟʘ ʧʨʠʥʮʠʧʦʤ Creatio ex nihilo ʧʦʪʨʝʙʫʻ ʧʦʯʘʪʢʦʚʦʾ ʧʦʨʦʛʦʚʦʾ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʢʘʯʢʠ, ʷʢʘ ʽʟ ʚʝʣʠʢʠʤ ʟʘʧʘʩʦʤ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʚ ʢʦʣʘʡʜʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘ ʚ ʷʜʝʨʥʽʡ 

ʛʘʣʫʟʽ. ɺʽʜʦʤʠʡ ʛʽʛʘʥʪʩʴʢʠʡ ʨʝʟʦʥʘʥʩ ʷʜʝʨ (ʨʠʩ. 1) ʟʘʟʚʠʯʘʡ ʭʠʙʥʦ ʧʦʷʩʥʶʶʪʴ ʢʦʣʝʢʪʠʚʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤʠ 

ʷʜʝʨʥʠʭ ʧʨʦʪʦʥʽʚ ʱʦʜʦ ʥʝʡʪʨʦʥʽʚ ʪʘ ʰʪʫʯʥʦ ʚʽʜʜʽʣʷʶʪʴ ʚʽʜ ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʭ 

ʟʙʫʜʞʝʥʴ [4,5]. ɺ ʜʽʡʩʥʦʩʪʽ ʞ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʷʜʝʨʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʜʝʢʽʣʴʢʦʭ ʩʦʪʝʥʴ 

MeB  ʻ ʧʨʦʷʚʦʤ ʪʨʠʧʣʝʪʥʦʾ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʩʪʨʫʢʪʫʨʠ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʥʘ ʷʜʝʨʥʦʤʫ ʨʽʚʥʽ. 

ʅʘ ʮʶ ʩʪʨʫʢʪʫʨʫ, ʷʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʥʘʢʣʘʜʘʶʪʴʩʷ ʚʫʞʯʽ ʟʘ ʰʠʨʠʥʦʶ ʪʘ ʜʽʘʧʘʟʦʥʦʤ ʪʨʽʘʜʠ ʟ ʙʽʣʴʰʠʤ 

ʟʥʘʯʝʥʥʷʤ ʧʘʨʘʤʝʪʨʘ Q . ɿʦʢʨʝʤʘ, ʚʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʨʠʩ. 1  ʜʣʷ ʷʜʨʘ ʪʠʪʘʥʫ ʧʨʠ Q = 0,89 ʪʘ 1 6
E

E º ʄʝɺ,  

p
m m=  (ʤʘʩʘ ʧʨʦʪʦʥʘ),  

B
Y = , ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (46,47) ʦʪʨʠʤʫʻʤʦ ʭʘʨʘʢʪʝʨʥʠʡ ʨʘʜʽʫʩ ʟʦʚʥʽʰʥʴʦʾ 

ʦʙʦʣʦʥʢʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʝʨʤʦʢʦʤʧʣʝʢʩʫ 1,52 ʬʤ, ʙʣʠʟʴʢʠʡ ʜʦ ʨʘʜʽʫʩʫ ʷʜʨʘ ʛʝʣʽʶ ʪʘ ʧʨʠʙʣʠʟʥʦ ʚʜʚʽʯʽ 

ʙʽʣʴʰʠʡ ʟʘ ʨʘʜʽʫʩ ʧʨʦʪʦʥʘ. ʇʨʠ ʮʴʦʤʫ ʚʠʨʘʭʫʚʘʥʘ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (46,47) ʛʫʩʪʠʥʘ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ ʪʫʪ 

ʙʣʠʟʴʢʘ ʜʦ ʛʫʩʪʠʥʠ ʩʝʨʝʜʥʽʭ ʷʜʝʨ. ɿʘ ʜʘʥʠʤʠ ʨʠʩ. 1 ʜʣʷ ʚʰʠʨʝʥʦʾ ʪʨʽʘʜʠ ʟʙʫʨʝʥʴ ʟ 2 0
M

E º ʄʝɺ 

(ʛʽʛʘʥʪʩʴʢʠʡ ʨʝʟʦʥʘʥʩ) ʧʨʠ Q = 0,067 , 
p

m m=  ʟ (18, 22) ʦʪʨʠʤʫʻʤʦ ʚʽʜʧʦʚʽʜʥʦ ʭʘʨʘʢʪʝʨʥʠʡ ʨʘʜʽʫʩ 0,37 ʬʤ . 
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ʈʠʩ. 1. ʉʧʝʢʪʨʠ ʷʜʝʨʥʠʭ ʨʝʟʦʥʘʥʩʽʚ [5] 

 
ʈʠʩ. 2. ʈʝʟʦʥʘʥʩʥʽ ʧʝʨʝʨʽʟʠ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʥʽʚ (ʟʣʽʚʘ) ʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʽʚ (ʩʧʨʘʚʘ) ʥʘ ʧʨʦʪʦʥʘʭ [4, 6] 

 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʩʣʽʜ ʨʦʟʛʣʷʥʫʪʠ ʢʣʘʩʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʨʦʟʩʽʷʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʧʨʦʪʦʥʘʭ (ʨʠʩ. 

2), ʷʢʽ ʚʝʣʴʤʠ ʧʦʜʽʙʥʽ ʜʦ ʷʜʝʨʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʥʘ ʨʠʩ. 1. ɺʦʥʠ, ʷʢ ʚʠʜʥʦ, ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʟʚʫʞʝʥʫ ʪʨʽʘʜʫ 

ʨʝʟʦʥʘʥʩʽʚ, ʥʘʢʣʘʜʝʥʫ ʥʘ ʚʰʠʨʝʥʠʡ ʢʣʘʩʪʝʨ. ʎʝ ʩʚʦʛʦ ʯʘʩʫ ʩʪʘʣʦ ʫ ʚʠʪʦʢʘʭ ʮʽʣʢʦʚʠʪʦ ʭʠʙʥʦʾ ʢʚʘʨʢʦʚʦʾ 

ʤʦʜʝʣʽ ʘʜʨʦʥʽʚ [4]. ʅʘʩʧʨʘʚʜʽ ʞ ʨʝʟʦʥʘʥʩʥʠʡ ʪʨʠʧʣʝʪ ʪʫʪ ʦʙʫʤʦʚʣʝʥʠʡ ʪʝʨʤʦʢʦʤʧʣʝʢʩʘʤʠ ʥʘ ʤʶʦʥʘʭ ʷʢ 

ʩʢʣʘʜʦʚʠʭ ʘʜʨʦʥʽʚ [2, 3]. ʇʨʠ Q = 0,83 ,  m m
m

=  ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (19, 23) ʦʪʨʠʤʫʻʤʦ ʭʘʨʘʢʪʝʨʥʠʡ 

ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʮʠʭ ʪʝʨʤʦʢʦʤʧʣʝʢʩʽʚ 0.50 ʬʤ, ʷʢʠʡ ʟʘ ʧʦʧʝʨʝʜʥʴʦʶ ʘʥʘʣʦʛʽʻʶ ʩʧʽʚʧʘʜʘʻ ʟ ʨʘʜʽʫʩʦʤ 

ʩʚʦʻʨʽʜʥʦʾ ʤʶʦʥʥʦʾ a -ʯʘʩʪʠʥʢʠ ʚ ʩʪʨʫʢʪʫʨʽ ʟʙʫʜʞʝʥʦʛʦ ʧʨʦʪʦʥʘ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ, ʚʣʘʩʥʝ, ʨʘʜʽʫʩ 

ʩʘʤʦʛʦ ʤʶʦʥʘ ʷʢ ʙʘʟʦʚʦʾ ʩʢʣʘʜʦʚʦʾ ʘʜʨʦʥʽʚ, ʘʥʘʣʦʛʽʯʥʦʾ ʥʫʢʣʦʥʥʠʤ ʩʢʣʘʜʦʚʠʤ ʷʜʨʘ : 0,25 ʬʤ . ɿʘʟʥʘʯʝʥʠʡ 

ʚʠʱʝ ʘʥʘʣʦʛ ʘʣʴʬʘ-ʯʘʩʪʠʥʢʠ ʥʘ ʤʶʦʥʘʭ ʫ ʩʢʣʘʜʽ ʧʨʦʪʦʥʫ ʧʦʷʩʥʶʻ, ʩʧʦʤʽʞ ʽʥʰʦʛʦ, ʩʚʦʻʨʽʜʥʠʡ ʘʥʪʠʨʝʟʦʥʘʥʩ, 

ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʨʦʟʩʽʷʥʥʽ ʢʘʦʥʽʚ ʥʘ ʧʨʦʪʦʥʘʭ (ʨʠʩ. 3) ʚʥʘʩʣʽʜʦʢ ʙʣʠʟʴʢʦʩʪʽ ʤʘʩ ʮʽʻʾ ʯʘʩʪʠʥʢʠ ʪʘ 

ʢʘʦʥʽʚ.  

 

 
ʈʠʩ. 3. ʈʝʟʦʥʘʥʩʥʽ ʪʘ ʘʥʪʠʨʝʟʦʥʘʥʩʥʽ ʧʝʨʝʨʽʟʠ ʨʦʟʩʽʷʥʥʷ ʧʽʦʥʽʚ (ʟʣʽʚʘ) ʪʘ ʢʘʦʥʽʚ (ʩʧʨʘʚʘ) ʥʘ ʧʨʦʪʦʥʘʭ [6]. 

 

ɺʽʜʥʦʰʝʥʥʷ ʛʨʫʧʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʤʶʦʥʥʠʭ ʟʙʫʨʝʥʴ ʚ ʧʨʦʪʦʥʽ (ʜʣʷ ʟʦʚʥʽʰʥʴʦʾ çʟʘʭʽʜʥʦʾè ʦʙʦʣʦʥʢʠ) 

ʜʦ ʰʚʠʜʢʦʩʪʽ ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ ʩʪʘʥʦʚʠʪʴ ʟʛʽʜʥʦ ʟ (17, 23) ʚʝʣʠʯʠʥʫ  ʙʣʠʟʴʢʦ 3,1 . ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʧʘʜʢʫ ʷʜʝʨʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʥʘ ʥʫʢʣʦʥʘʭ, ʛʫʩʪʠʥʘ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ ʪʫʪ  ʫ 5-6 ʨʘʟʽʚ ʚʠʱʘ ʟʘ 

ʛʫʩʪʠʥʫ ʥʫʢʣʦʥʽʚ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʘʩʠ ʤʶʦʥʥʠʭ ʩʢʣʘʜʦʚʠʭ ʥʫʢʣʦʥʽʚ ʫ ʚʽʜʥʦʩʥʦ 

ʢʦʤʧʘʢʪʥʦʤʫ ʦʙôʻʤʽ. ʎʝ ʧʦʷʩʥʶʻ ʚʽʜʦʤʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʛʣʠʙʦʢʦ ʥʝʧʨʫʞʥʦʛʦ ʨʦʟʩʽʷʥʥʷ ʥʘ ʧʨʦʪʦʥʘʭ ʪʘ 

ʧʨʠʯʠʥʠ ʽʣʶʟʦʨʥʦʛʦ ʚʚʝʜʝʥʥʷ ʪʦʯʢʦʚʠʭ ʢʚʘʨʢʽʚ-ʧʘʨʪʦʥʽʚ [4]. ɺʰʠʨʝʥʠʡ ʨʝʟʦʥʘʥʩʥʠʡ ʢʣʘʩʪʝʨ ʥʘ ʨʠʩ. 2 

ʚʽʜʽʛʨʘʻ ʨʦʣʴ ʘʥʘʣʦʛʘ ʛʽʛʘʥʪʩʴʢʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʥʘ ʨʠʩ. 1. ʉʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ 

ʦʙʨʠʚ ʮʴʦʛʦ ʢʣʘʩʪʝʨʫ, ʦʙʫʤʦʚʣʝʥʠʡ ʪʫʥʝʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʨʝʟʦʥʘʥʩʥʠʭ ʩʪʨʫʢʪʫʨʘʭ [2].  
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ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʢʦʣʘʡʜʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʟʫʩʪʨʽʯʥʠʭ ʝʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʠʭ (ʟʣʽʚʘ)  

ʪʘ ʧʨʦʪʦʥʥʠʭ (ʩʧʨʘʚʘ) ʧʫʯʢʘʭ [6] 

 

ʄʶʦʥʥʘ ʩʪʨʫʢʪʫʨʘ ʘʜʨʦʥʽʚ, ʷʢʘ ʮʽʣʢʦʚʠʪʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, 

ʜʽʩʪʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʜʘʥʠʭ ʢʦʣʘʡʜʝʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ï ʨʠʩ. 4.  ʄʽʞ ʪʠʤ, ʜʦʤʽʥʫʶʯʘ ʥʠʥʽ 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʮʠʭ ʜʘʥʠʭ [6] ʣʝʞʠʪʴ ʚ ʨʫʩʣʽ ʮʽʣʢʦʚʠʪʦ ʭʠʙʥʦʾ ʩʪʘʥʜʘʨʪʥʦʾ ʤʦʜʝʣʽ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʚʟʘʻʤʦʜʽʡ 

(SM), ʷʢʘ ʰʪʫʯʥʦ ʚʠʜʽʣʷʻ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ   z -ʨʝʟʦʥʘʥʩ ʥʘ ʨʠʩ. 4 ʚ ʦʩʦʙʣʠʚʠʡ ʢʘʣʽʙʨʫʚʘʣʴʥʠʡ ʙʦʟʦʥ 

ʝʣʝʢʪʨʦʩʣʘʙʢʦʾ ʚʟʘʻʤʦʜʽʾ. ɺ ʜʽʡʩʥʦʩʪʽ ʞ, ʥʘ ʩʧʝʢʪʨʘʭ ʨʠʩ. 4 ʯʽʪʢʦ ʚʠʜʽʣʷʶʪʴʩʷ ʨʝʟʦʥʘʥʩʥʽ ʪʨʽʘʜʠ ʽʥʝʨʮʽʡʥʠʭ 

ʟʙʫʨʝʥʴ ï ʫ ʪ.ʯ. ʪʨʽʘʜʘ ʟ ʽʥʝʨʪʥʦʶ ʤʘʩʦʶ ʤʶʦʥʘ (m m
m

= ) ʫ ʩʢʣʘʜʽ z -ʨʝʟʦʥʘʥʩʫ (çʩʭʽʜʥʘè E -ʢʦʤʧʦʥʝʥʪʘ), 

/J y -ʨʝʟʦʥʘʥʩʫ (ʩʝʨʝʜʥʷ M -ʢʦʤʧʦʥʝʥʪʘ) ʪʘ, ʚʣʘʩʥʝ, ʤʶʦʥʘ (çʟʘʭʽʜʥʘè W -ʢʦʤʧʦʥʝʥʪʘ). ɰʭ ʝʥʝʨʛʽʾ, ʷʢ ʚʞʝ 

ʚʽʜʟʥʘʯʘʣʦʩʴ [2, 3], ʟʚôʷʟʘʥʽ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʪʠʧʫ (21): 
2 2

/J Z
E E m c

y m
= Ö Ö      (59) 

ɺʠʭʦʜʷʯʠ ʟ ʜʘʥʠʭ ʨʠʩ. 4, ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
3

3, 40 10Q
-

º Ö , ʟʘ ʷʢʦʛʦ ʧʨʠ m m
m

=  ʟ 

ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʦʪʨʠʤʫʻʤʦ: 
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/
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º = º Ö .̄ ʆʩʪʘʥʥʷ ʚʝʣʠʯʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʤʶʦʥʥʦʾ 

ʧʣʘʟʤʠ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʴ ʧʨʠʩʢʦʨʝʥʠʭ ʯʘʩʪʠʥʦʢ. ʎʷ ʧʣʘʟʤʘ ʮʽʣʢʦʤ ʘʣʴʪʝʨʥʘʪʠʚʥʘ ʽʣʶʟʦʨʥʽʡ 

ʢʚʘʨʢ-ʛʣʶʦʥʥʽʡ ʧʣʘʟʤʽ, ʷʢʦʶ ʟʘʟʚʠʯʘʡ ʦʧʝʨʫʶʪʴ [4]. ʗʢ ʩʣʽʜʫʻ ʟ ʜʘʥʠʭ ʨʠʩ. 4, ʤʶʦʥʥʘ ʧʣʘʟʤʘ ʤʽʩʪʠʪʴ ʪʘʢʦʞ 

ʟʘʣʠʰʢʠ ʧʨʦʪʦʥʽʚ (ʣʽʥʽʾ    -ʨʝʟʦʥʘʥʩʽʚ) ʪʘ ʜʝʡʪʦʥʽʚ (ʣʽʥʽʾ B -ʨʝʟʦʥʘʥʩʽʚ). ɽʥʝʨʛʽʾ ʚʽʜʧʦʚʽʜʥʠʭ ʣʽʥʽʡ ʤʝʥʰʽ ʟʘ 

ʝʥʝʨʛʽʶ z -ʨʝʟʦʥʘʥʩʫ ʫ /
p

m m
m

 ʪʘ  /
d

m m
m

 ʨʘʟʽʚ. ʈʘʟʦʤ ʟ /J y -ʨʝʟʦʥʘʥʩʦʤ   -  ʪʘ B -ʨʝʟʦʥʘʥʩʠ, ʷʢ 

ʚʠʜʥʦ, ʫʪʚʦʨʶʶʪʴ ʦʢʨʝʤʫ (ʜʝʱʦ ʘʩʠʤʝʪʨʠʯʥʫ) ʪʨʽʘʜʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘ ʩʧʝʢʪʨʽ ʨʠʩ. 4 ʷʚʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʥʽʷʢ ʥʝ 

ʚʽʜʤʽʯʝʥʠʡ ʪʝʦʨʝʪʠʢʘʤʠ SM ʚʰʠʨʝʥʠʡ ʭʽʪʦʥʥʠʡ ʢʣʘʩʪʝʨ ʟ ʝʥʝʨʛʽʻʶ ʙʣʠʟʴʢʦ 29 ɻʝɺ, ʷʢʠʡ ʬʦʨʤʫʻ ʯʝʨʛʦʚʠʡ 

ʪʨʠʧʣʝʪ ʟ    -  ʪʘ z -ʨʝʟʦʥʘʥʩʘʤʠ. ʎʝʡ ʢʣʘʩʪʝʨ ʘʥʘʣʦʛʽʯʥʠʡ ʭʽʪʦʥʥʦʤʫ ʢʣʘʩʪʝʨʫ ʚ ʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʨʽʟʘʥʥʷ 

(ʨʠʩ. 12, 3 0 0f º ɻʮ), ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʚʽʜʥʦʰʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʥʝʨʛʽʡ ʪʫʪ ʩʪʘʥʦʚʠʪʴ 22 ʧʦʨʷʜʢʠ 

ʚʝʣʠʯʠʥʠ. ʋ ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʽ ʩʧʝʢʪʨʠ ʨʠʩ. 4 ʚʠʭʦʜʷʪʴ ʥʘ ʚʞʝ ʟʘʟʥʘʯʝʥʫ çʩʭʦʜʠʥʢʫè ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (35) ʜʣʷ ʛʝʪʝʨʦʛʝʥʥʦʾ ʩʠʩʪʝʤʠ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʠʟʴʢʦʝʥʝʨʛʝʪʠʯʥʽ ʢʨʘʾ ʨʝʟʦʥʘʥʩʥʠʭ ʢʣʘʩʪʝʨʽʚ ʥʘ ʨʠʩ. 1,2  ʤʘʶʪʴ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʡ 

ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʨʘʟʦʤ (33) ʜʣʷ ʭʽʪʦʥʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʛʘʟʫ. ɸʥʘʣʦʛʽʯʥʘ ʣʽʥʽʡʥʽʩʪʴ 

ʭʘʨʘʢʪʝʨʥʘ ʪʘʢʦʞ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ b -ʨʦʟʧʘʜʫ ʪʘ ʨʝʘʢʪʦʨʥʠʭ ʘʥʪʠʥʝʡʪʨʠʥʦ (ʨʠʩ. 5). ʎʝ ʜʦʟʚʦʣʷʻ ʚʚʘʞʘʪʠ b -

ʨʦʟʧʘʜ ʥʝʡʪʨʦʥʘ ʪʘ ʷʜʝʨ ʨʝʟʫʣʴʪʘʪʦʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʨʝʟʦʥʘʥʩʥʦʾ ʪʨʽʘʜʠ ʭʽʪʦʥʥʠʭ ʟʙʫʨʝʥʴ.   

 

 

 
ʈʠʩ. 5. ʉʧʝʢʪʨʠ ʝʣʝʢʪʨʦʥʽʚ ʙʝʪʘ-ʨʦʟʧʘʜʫ ʪʘ ʨʝʘʢʪʦʨʥʠʭ ʘʥʪʠʥʝʡʪʨʠʥʦ [7, 8] 
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ʈʠʩ. 6. ʉʧʝʢʪʨʠ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘʜʚʠʩʦʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʡ [6] 

 

ɯʟ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ  ʤʘʻʤʦ ʥʘʩʪʫʧʥʽ ʚʟʘʻʤʦʟʚôʷʟʢʠ : 
2 2 2

2 2 1/ 2 2

m ax

2 1 2 1

( ( ))
ɹ

m c m c
M

k T Q h m f Qb b l

Ö
= Ö = Ö

Ö Ö Ö Ö Ö
   (60) 

3 2

m ax 2 2 3

4 1
( )

E

m c
E Q h f

M Q
l

b

Ö
= Ö Ö = Ö

Ö
     (61) 

ɺ ʛʨʘʥʠʯʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ M m=  ʟ (61) ʩʣʽʜʫʻ: 
2

m ax 2 3

4 1
( )

E

m c
E Q h f

Q
l

b
= Ö Ö = Ö     (62) 

ʇʨʠ 1Q , ʷʢ ʚʠʜʥʦ ʟ (62), ʝʥʝʨʛʽʾ ʟʛʝʥʝʨʦʚʘʥʦʛʦ  ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʝʥʝʨʛʽʾ 

ʩʧʦʢʦʶ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥʦʢ. ɿʘ ʫʤʦʚʠ M m=  ʤʘʻʤʦ: 

2

2 2

2 1

2

E

ɹ

Q E
k T m c

Qb

Ö
Ö = Ö Ö =      (63) 

ʎʝ ʜʦʟʚʦʣʷʻ ʢʦʥʪʘʢʪʥʦ ʧʨʠʩʢʦʨʶʚʘʪʠ ʯʘʩʪʠʥʢʠ ʜʦ ʥʘʜʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʘ Q . ɿʦʢʨʝʤʘ, ʜʘʥʠʤ ʨʠʩ. 6 ʜʣʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘʜʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʟʥʘʯʝʥʥʷ: 
1 9

, 5 1 0
E

m m E
m

= º Ö ʝɺ, 
5 1 5

7 , 0 1 0 , 3 1 0
M

Q E
-

º Ö º Öʝɺ, 
1 1

2 1 0
W

E º Ö ʝɺ, 
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2, 0 10 KT º Ö .̄ ɼʣʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʩʝʨʝʜʥʽʭ ʝʥʝʨʛʽʡ (ʨʠʩ. 6) ʧʨʠ 

p
m m=  ʚʽʜʧʦʚʽʜʥʦ ʤʘʻʤʦ: Q = 0,8 

,  
1 1

9 1 0 KT º Ö .̄ ɼʣʷ ʩʦʥʷʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘ ʝʣʝʢʪʨʦʥʘʭ  ʧʨʠ  Q = 0,5  ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ 
8

5 1 0 KT º Ö .̄ 

ɿ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʪʘʢʦʞ ʩʣʽʜʫʻ: 
2

2 2 2

2
,

E ɹ E ɹ
V k T V k T

Q
C m c C M c

bÖ Ö Ö
= Ö =      (64,65) 

ɼʣʷ ʤʶʦʥʥʠʭ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʧʨʠ  
19

2, 0 10 KT º Ö  ̄  ʪʫʪ ʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 
3

/ 5 , 7 1 0
E

V c º Ö  

ʧʨʠ   
5

7 , 0 1 0Q
-

º Ö .  ɸʜʝʢʚʘʪʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʪʫʨʥʠʤ ʜʘʥʠʤ (ʨʠʩ. 6) ʧʨʠ 

ʥʘʜʩʚʽʪʣʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʥʦʩʥʽʩʪʴ ʰʠʨʦʢʦ ʨʦʟʪʠʨʘʞʦʚʘʥʦʾ ʪʝʦʨʽʾ ʚʽʜʥʦʩʥʦʩʪʽ ɽʡʥʰʪʝʡʥʘ, 

ʷʢʘ ʰʪʫʯʥʦ ʥʘʢʣʘʜʘʻ ʪʘʙʫ ʥʘ ʨʫʭ ʟ ʥʘʜʩʚʽʪʣʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ. ɼʣʷ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʩʝʨʝʜʥʽʭ ʪʘ 

ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ ʥʘ ʧʨʦʪʦʥʘʭ ʪʘ ʝʣʝʢʪʨʦʥʘʭ  ʤʘʻʤʦ ʛʨʘʥʠʯʥʝ ʚʽʜʥʦʰʝʥʥʷ ʛʨʫʧʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʜʦ ʰʚʠʜʢʦʩʪʽ 

ʩʚʽʪʣʘ ʫ ʚʘʢʫʫʤʽ, ʙʣʠʟʴʢʝ ʜʦ ʦʜʠʥʠʮʽ. ʎʝ ʚʠʜʽʣʷʻ ʤʶʦʥʠ ʟʜʘʪʥʽʩʪʶ ʜʦ ʨʫʭʫ ʟ ʥʘʜʩʚʽʪʣʦʚʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʪʘ 

ʨʦʟʢʨʠʚʘʻ ʚʽʜʦʤʫ ʟʘʛʘʜʢʫ  em- -ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ [4]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʥʽʚ, ʤʶʦʥʠ ʩʪʘʙʽʣʽʟʫʶʪʴʩʷ ʧʨʠ 

ʥʘʜʩʚʽʪʣʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ. 

 ɼʣʷ ʩʝʨʝʜʥʴʦʾ ʪʘ çʟʘʭʽʜʥʦʾè ʢʦʤʧʦʥʝʥʪ ʤʶʦʥʥʠʭ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʤʘʻʤʦ ʚʽʜʧʦʚʽʜʥʦ 

/ 4 , 8, / 0 , 4
M W

V c V cº º .  ɺʽʜʩʫʪʥʽʩʪʴ ʦʩʪʘʥʥʴʦʾ ʥʘ ʩʧʝʢʪʨʘʭ (ʨʠʩ. 6) ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʧʘʜ ʜʦʩʚʽʪʣʦʚʠʭ 
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ʤʶʦʥʽʚ. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ɽʡʥʰʪʝʡʥʽʚʩʴʢʦʛʦ ʰʪʘʤʧʫ, ʟʚ'ʷʟʦʢ ʝʥʝʨʛʽʾ ʟ ʤʘʩʦʶ ʪʘ ʛʨʫʧʦʚʦʶ 

ʰʚʠʜʢʽʩʪʶ ʪʫʪ ʥʘʩʪʫʧʥʠʡ: 
2

/E m V Q= Ö        (66) 

ʎʝ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʝʥʝʨʛʽʶ ʤʶʦʥʥʠʭ ʯʘʩʪʠʥʦʢ ʧʦʨʽʚʥʷʥʦ ʟ 
2

mʩ  ʟʘ ʨʘʭʫʥʦʢ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ Q . 

 

ʈʝʟʦʥʘʥʩʥʽ ʪʨʠʧʣʝʪʠ ʥʘ ʩʧʝʢʪʨʘʭ ʢʦʩʤʽʯʥʠʭ ʩʠʩʪʝʤ 

 

 
ʈʠʩ. 7. ʉʧʝʢʪʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉʦʥʮʷ [4] 

ʈʠʩ. 8. ɺʠʩʦʪʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʛʫʩʪʠʥʠ ʚ ʘʪʤʦʩʬʝʨʽ ʉʦʥʮʷ [9] 

 

ɸʥʘʣʽʟ ʪʨʦʾʩʪʠʭ ʨʝʟʦʥʘʥʩʽʚ ʚ ʩʠʩʪʝʤʘʭ ʢʦʩʤʽʯʥʠʭ ʤʘʩʰʪʘʙʽʚ ʚʘʨʪʦ ʨʦʟʧʦʯʘʪʠ ʟʽ ʩʧʝʢʪʨʫ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʉʦʥʮʷ ï ʨʠʩ. 7. ɼʦʤʽʥʫʶʯʠʡ ʪʫʪ E -ʨʝʟʦʥʘʥʩ ʣʝʞʠʪʴ ʫ ʚʠʜʠʤʽʡ ʪʘ ʽʥʬʨʘʯʝʨʚʦʥʽʡ ʜʽʣʷʥʮʽ 

ʩʧʝʢʪʨʫ ʚ ʪʦʡ ʯʘʩ, ʷʢ ʩʝʨʝʜʥʽʡ M -ʨʝʟʦʥʘʥʩ ʟʘʡʤʘʻ ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʦʙʣʘʩʪʴ. ɺʠʩʦʢʦʯʘʩʪʦʪʥʠʡ W -ʢʦʤʧʦʥʝʥʪ 

ʪʨʠʧʣʝʪʫ ʧʦʧʘʜʘʻ ʚ ʜʽʘʧʘʟʦʥ g-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʨʝʘʣʴʥʦ ʬʽʢʩʫʻʪʴʩʷ ʣʠʰʝ ʚ ʧʝʨʽʦʜʠ ʩʦʥʷʯʥʠʭ ʩʧʘʣʘʭʽʚ 

[4]. ʇʨʠ 
m ax

0, 45l º ʤʢʤ, 
* 7

6 , 2 8 1 0
h e

R º Ö ɺʪ/ʤ2 ʟ ʚʠʨʘʟʫ (41) ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʭʽʪʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

ʉʦʥʮʷ 
3

/ 4 , 4 5 1 0 ʂ
h e ɹ

T k º Ö ,̄ ʚʝʣʴʤʠ ʚʽʜʤʽʥʥʝ ʚʽʜ ʟʥʘʯʝʥʥʷ 
3

6, 44 10 ʂT º Ö ,̄ ʦʪʨʠʤʘʥʝ ʟ ʚʠʨʘʟʫ (43) 

ʜʣʷ ʟʘʢʦʥʫ ɺʽʥʘ ʫ ʩʧʝʢʪʨʽ ʢʣʘʩʠʯʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜ ʟʥʘʯʝʥʥʷ 
3

5, 78 10 ʂT º Ö ,̄ 

ʦʪʨʠʤʘʥʝ ʥʘ ʦʩʥʦʚʽ ʟʘʢʦʥʫ ʉʪʝʬʘʥʘïɹʦʣʴʮʤʘʥʘ [4]. ʅʝʩʧʽʚʧʘʜʘʥʥʷ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʚʝʣʠʯʠʥ ʧʽʜʢʨʝʩʣʶʻ 

ʮʽʣʢʦʚʠʪʫ ʥʝʘʜʝʢʚʘʪʥʽʩʪʴ ʫʷʚʣʝʥʴ ʱʦʜʦ ʯʦʨʥʦʪʽʣʴʥʦʛʦ ʩʧʝʢʪʨʫ ʉʦʥʮʷ [4]. ɿ ʚʨʘʭʫʚʘʥʥʷʤ 
m ax
l   ʪʘ  

h e
T   ʥʘ 

ʦʩʥʦʚʽ (38) ʦʪʨʠʤʫʻʤʦ ʟʥʘʯʝʥʥʷ ʢʦʦʧʝʨʘʪʠʚʥʦʾ ʚôʷʟʢʦʩʪʽ ʭʽʪʦʥʥʠʭ ʪʝʨʤʦʢʦʤʧʣʝʢʩʽʚ ʉʦʥʮʷ: 1 0 ,1
S

co
u º ʤ2/ʩ, 

ʟʚʽʜʢʠ ʧʨʠ 
e

m m=  (ʤʘʩʘ ʝʣʝʢʪʨʦʥʘ) ʟ ʚʠʨʘʟʫ (3) ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʘ 
4

8, 72 10Q º Ö . ɿʘ ʪʘʢʦʛʦ 

ʟʥʘʯʝʥʥʷ ʚʠʨʘʭʫʚʘʥʘ ʟʛʽʜʥʦ (46,47) ʛʫʩʪʠʥʘ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ ʚʽʜʧʦʚʽʜʘʻ ʛʫʩʪʠʥʽ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʩʦʥʷʯʥʦʾ ʧʣʘʟʤʠ ʫ ʢʦʥʪʘʢʪʥʦʤʫ ʰʘʨʽ ʤʽʞ ʭʨʦʤʦʩʬʝʨʦʶ ʪʘ ʢʦʨʦʥʦʶ ʉʦʥʮʷ ï ʨʠʩ. 8.  ɺʨʝʰʪʽ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʧʘʨʘʤʝʪʨʘ Q  ʪʘ ʚʠʨʘʟʫ (28) ʦʪʨʠʤʫʻʤʦ ʭʘʨʘʢʪʝʨʥʫ ʜʦʚʞʠʥʫ ʭʚʠʣʽ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ M -ʢʦʤʧʦʥʝʥʪʠ ʪʨʠʧʣʝʪʫ: 

m ax
/ 1 6

M
Ql lº º A, ʱʦ ʮʽʣʢʦʤ ʚʽʜʧʦʚʽʜʘʻ ʥʘʪʫʨʥʠʤ ʜʘʥʠʤ (ʨʠʩ. 7) ʪʘ ʧʽʜʪʚʝʨʜʞʫʻ ʘʜʝʢʚʘʪʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ. 

ɸʥʘʣʦʛʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʚʝʜʝʥʽ ʜʣʷ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʢʦʩʤʽʯʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʭʠʙʥʦ ʚʽʜʥʝʩʝʥʦʛʦ ʥʘ ʨʘʭʫʥʦʢ çʨʝʣʽʢʪʫè ʚʽʜ ʪ.ʟ. ɺʝʣʠʢʦʛʦ ʚʠʙʫʭʫ [4]. ɺ ʜʽʡʩʥʦʩʪʽ ʞ, ʮʝ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʟ ʢʚʘʟʽʨʽʚʥʦʚʘʞʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʙʣʠʟʴʢʦ 2,7 ʛʨʘʜʫʩʽʚ ʂʝʣʴʚʽʥʘ ʛʝʥʝʨʫʻʪʴʩʷ ʢʘʚʽʪʘʮʽʡʥʠʤ 

ʪʦʧʦʣʦʛʽʯʥʠʤ ʨʦʟʨʠʚʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘ ʧʝʨʠʬʝʨʽʾ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ [1-3]. ʈʦʟʨʘʭʦʚʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʢʦʩʤʽʯʥʦʾ ʧʣʘʟʤʠ ʥʘ ʮʴʦʤʫ ʨʦʟʨʠʚʽ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 0,001 ʯʘʩʪʠʥʦʢ ʚ 

ʢʫʙʽʯʥʦʤʫ ʩʘʥʪʠʤʝʪʨʽ. ɺʽʥ ʚʽʜʜʽʣʷʻ ʧʝʨʠʬʝʨʽʡʥʫ ʭʦʣʦʜʥʫ ʬʦʪʦʩʬʝʨʫ ʚʽʜ ʧʝʨʠʬʝʨʽʡʥʦʾ ʢʦʨʦʥʠ ʉʦʥʷʯʥʦʾ 

ʩʠʩʪʝʤʠ, ʤʘʢʩʠʤʫʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʷʢʦʾ ʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʙʣʠʟʴʢʦ 0,12 ʤʢʤ ʣʝʞʠʪʴ ʚ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʽʡ 

ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ. 
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ʈʠʩ. 9. ɺʝʡʚʣʝʪ-ʩʧʝʢʪʨ ʧʝʨʽʦʜʽʚ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ [10] 

ʈʠʩ. 10. ʉʧʝʢʪʨ ʯʘʩʦʚʠʭ ʚʘʨʽʘʮʽʡ ʛʝʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [4] 

 

 
ʈʠʩ. 11. ʉʧʝʢʪʨʠ ʚʘʨʽʘʮʽʡ ʷʩʢʨʘʚʦʩʪʽ ʩʦʥʷʯʥʦʛʦ ʜʠʩʢʫ [4] 

 

    ʉʦʥʷʯʥʘ ʪʘ ʛʝʦʜʠʥʘʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʪʘʢʦʞ ʦʙʫʤʦʚʣʝʥʘ ʟʥʘʯʥʠʤʠ ʯʘʩʦʚʠʤʠ ʪʘ ʧʨʦʩʪʦʨʦʚʠʤʠ 

ʤʘʩʰʪʘʙʘʤʠ ï ʨʠʩ. 9,10. ʈʝʟʦʥʘʥʩʥʘ ʪʨʽʘʜʘ ʧʝʨʽʦʜʽʚ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 9) ʚʢʣʶʯʘʻ ʦʩʥʦʚʥʠʡ 

ʢʚʘʟʽʦʜʠʥʘʜʮʷʪʠʨʽʯʥʠʡ ʧʝʨʽʦʜ (1 0, 8 5
M
t º  ʨʦʢʽʚ),  ʢʚʘʟʽʩʪʦʣʽʪʥʽʡ ʧʝʨʽʦʜ (100

W
t º  ʨʦʢʽʚ) ʪʘ ʢʚʘʟʽʨʽʯʥʠʡ 

ʧʝʨʽʦʜ   (1,1
E
t º  ʨʦʢʫ),  ʟʚʽʜʢʠ ʚʠʟʥʘʯʘʻʤʦ ʧʘʨʘʤʝʪʨ   0 ,1 0 8Q º . ɿʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (48-58) 

ʚʩʪʘʥʦʚʣʶʻʤʦ ʜʘʣʽ:   
5 1 0

/ 2 , 2 1 0 , 2 , 6 1 0
S g

m M r
- -

º Ö º Ö ʢʛ/ʤ3,  
1 3

1, 2 3 1 0
M

R º Ö ʤ  8 3º ʘ.ʦ.  ʆʩʪʘʥʥʷ 

ʚʝʣʠʯʠʥʘ ʧʨʘʢʪʠʯʥʦ ʩʧʽʚʧʘʜʘʻ ʟ ʩʝʨʝʜʥʽʤ ʨʘʜʽʫʩʦʤ ʪ.ʟ. ʛʨʘʥʠʮʽ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚ ʛʝʣʽʦʩʬʝʨʽ. ʄʝʥʰ ʚʠʨʘʞʝʥʠʡ 

ʥʘ ʨʠʩ. 9 ʧʽʚʩʪʦʣʽʪʥʽʡ ʮʠʢʣ ʩʦʥʷʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʨʘʟʦʤ ʽʟ ʩʪʦʣʽʪʥʽʤ ʪʘ ʢʚʘʟʽʜʚʦʭʩʦʪʣʽʪʥʽʤ ʮʠʢʣʘʤʠ ʧʨʠ Q = 

1/2 ʫʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʫ ʪʨʽʘʜʫ ʽʟ ʩʝʨʝʜʥʽʤ ʨʘʜʽʫʩʦʤ ʙʣʠʟʴʢʦ 130 ʘ.ʦ., ʚʽʜʧʦʚʽʜʥʠʤ ʨʦʟʤʽʨʫ ʛʝʣʽʦʧʘʫʟʠ. 

ʈʝʟʦʥʘʥʩʥʠʡ ʪʨʠʧʣʝʪ ʧʝʨʽʦʜʽʚ ʛʝʦʤʘʛʥʽʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ (ʨʠʩ. 10) ʚʢʣʶʯʘʻ ʚʝʣʠʯʠʥʠ:  6 0
E
t º ʨʦʢʽʚ, 

6 0 0
M
t º ʨʦʢʽʚ, 7 0 0 0

W
t º ʨʦʢʽʚ,  ʟʚʽʜʢʠ 0 , 0 9Q º . ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʟ (48-58) ʩʣʽʜʫʻ: 

8 1 6

3
/ 2 , 9 1 0 , 4 , 4 1 0

g
m M r

- -
º Ö º Ö ʢʛ/ʤ3. ʈʘʜʽʫʩ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʩʢʣʘʜʦʚʦʾ ʪʫʪ ʧʨʘʢʪʠʯʥʦ ʨʽʚʥʠʡ 

ʩʦʥʷʯʥʦʤʫ (ʜʣʷ ʦʩʥʦʚʥʦʾ ʪʨʽʘʜʠ), ʱʦ  ʧʽʜʢʨʝʩʣʶʻ ʩʧʽʣʴʥʝ ʢʦʩʤʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ ʷʢ ʩʦʥʷʯʥʦʾ, ʪʘʢ ʽ 

ʛʝʦʤʘʛʥʽʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. 

ɼʣʷ ʢʦʨʦʪʢʦʧʝʨʽʦʜʥʠʭ ʮʠʢʣʽʚ ʉʦʥʮʷ (ʨʠʩ. 11 ) ʧʨʠ   
1

m ax
( ) 3

E
ft l

-
= º ʤɻʮ, 0, 0 4

M
f º ʤɻʮ,  

2
1, 33 10Q

-
º Ö  ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ (48-58) ʟʥʘʭʦʜʠʤʦ:  

9 1 0
4 , 9 1 0 ʤ 7,0 R , 4,2 10 ʤ 0,28

E S M
R Rº Ö º º Ö ºʘ.ʦ.  ʆʩʪʘʥʥʷ ʚʝʣʠʯʠʥʘ ʙʣʠʟʴʢʘ ʜʦ ʨʘʜʽʫʩʘ ʦʨʙʽʪʠ 

ʄʝʨʢʫʨʽʶ, ʱʦ ʩʧʦʤʽʞ ʽʥʰʦʛʦ ʧʦʷʩʥʶʻ ʚʽʜʦʤʽ ʘʥʦʤʘʣʽʾ ʡʦʛʦ ʧʝʨʠʛʝʣʽʶ, ʢʦʪʨʽ ʟʘʟʚʠʯʘʡ  ʧʨʠʧʠʩʫʻ ʩʦʙʽ 

ʟʘʛʘʣʴʥʘ ʪʝʦʨʽʷ ʚʽʜʥʦʩʥʦʩʪʽ.  

ɼʣʷ ʨʘʜʽʦʧʫʣʴʩʘʨʽʚ ʧʨʠ ʭʘʨʘʢʪʝʨʥʠʭ ʟʥʘʯʝʥʥʷʭ 6
E
t º  ʤʩ, 0 , 0 4Q º  ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ (53) 

ʟʥʘʭʦʜʠʤʦ ʟʥʘʯʝʥʥʷ 
1 1

1,1 1 0
g
r º Ö ʢʛ/ʤ3, ʚʝʣʴʤʠ ʜʘʣʝʢʝ ʚʽʜ ʩʪʽʡʢʠʭ ʪʘ ʭʠʙʥʠʭ ʫʷʚʣʝʥʴ ʧʨʦ ʥʘʜʱʽʣʴʥʽ 

ʥʝʡʪʨʦʥʥʽ ʟʦʨʽ ʪʘ ʯʦʨʥʽ ʜʽʨʠ, ʢʦʪʨʽ ʥʽʙʠʪʦ ʦʙʫʤʦʚʣʶʶʪʴ ʘʢʪʠʚʥʽʩʪʴ ʧʫʣʴʩʘʨʽʚ [4]. ʅʘʩʧʨʘʚʜʽ ʞ, ʨʝʢʦʨʜʥʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʝʨʽʦʜʽʚ ʨʘʜʽʦʧʫʣʴʩʘʨʽʚ ʧʦʷʩʥʶʻʪʴʩʷ ʘʚʪʦʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ 

ʤʦʜ ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʢʦʥʪʘʢʪʥʦ-ʟʛʝʥʝʨʦʚʘʥʦʛʦ ʚ ʥʘʜʨʘʭ ʮʠʭ ʤʘʩʠʚʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ. 
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ʊʨʦʾʩʪʽ ʨʝʟʦʥʘʥʩʠ ʥʘ ʩʧʝʢʪʨʘʭ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

 

  
ʈʠʩ. 12. ʉʧʝʢʪʨʠ (ʚʛʦʨʽ) ʪʘ ʘʢʫʩʪʦʛʨʘʤʠ (ʚʥʠʟʫ) ʧʨʦʮʝʩʽʚ ʨʽʟʘʥʥʷ ʟʘ ʫʤʦʚʠ ʩʠʥʭʨʦʥʽʟʘʮʽʾ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʪʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʤʦʜ (ʟʣʽʚʘ) ʪʘ ʙʝʟ ʪʘʢʦʾ ʩʠʥʭʨʦʥʽʟʘʮʽʾ (ʩʧʨʘʚʘ) 

 

ʅʘ ʨʠʩ. 12-13 ʥʘʚʝʜʝʥʽ ʩʧʝʢʪʨʠ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʚ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ, ʥʘ ʷʢʠʭ ʚʠʨʘʟʥʦ 

ʧʨʦʩʪʫʧʘʶʪʴ ʭʘʨʘʢʪʝʨʥʽ ʨʝʟʦʥʘʥʩʥʽ ʪʨʽʘʜʠ. ʇʘʨʘʤʝʪʨ Q  ʪʫʪ ʤʦʞʝ ʙʫʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʡ ʟʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʯʘʩʪʦʪ (25ï27) ʘʙʦ ʞ ʚʠʭʦʜʷʯʠ ʟ ʚʠʨʘʟʽʚ (44ï47) ʜʣʷ ʛʫʩʪʠʥʠ ʧʨʠʻʜʥʘʥʦʾ ʤʘʩʠ. ɿʦʢʨʝʤʘ ʧʨʠ 

m ax
( ) 2 , 7f l = ʢɻʮ (ʨʠʩ. 12)  

3
7 , 8 10rº Ö ʢʛ/ʤ3 (ʩʪʘʣʴ),  

27
3, 34 10m

-
= Ö ʢʛ  (ʜʝʡʪʦʥ) ʟ (46,47) ʟʥʘʭʦʜʠʤʦ 

ʟʥʘʯʝʥʥʷ  
2

1, 45 10Q
-

º Ö , ʟʚʽʜʢʠ 
m ax

( ) 39
M

f f Ql= Ö º  ɻʮ,  
2

m ax
( ) 0 , 5 7

W
f f Ql= Ö º ɻʮ.  ɸʥʘʣʦʛʽʯʥʦ 

ʧʨʠ 
m ax

( ) 5, 6
E

f f l= =  ʢɻʮ (ʨʠʩ. 12)  
2 7

1, 6 7 3 1 0m
-

= Ö ʢʛ (ʧʨʦʪʦʥ),  
3

7 , 8 10rº Ö ʢʛ/ʤ3 (ʩʪʘʣʴ) ʪʫʪ ʤʘʻʤʦ: 

3
7 , 4 1 0Q

-
º Ö ,   

m ax
( ) 41

M
f f Ql= Ö ºɻʮ,   

2

m ax
( ) 0 , 3 1

W
f f Ql= Ö º ɻʮ.  ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 12, ʟʥʘʡʜʝʥʽ 

ʪʘʢʠʤ ʯʠʥʦʤ ʯʘʩʪʦʪʠ ,
E M

f f  ʻ ʜʦʤʽʥʫʶʯʠʤʠ ʥʘ ʩʧʝʢʪʨʘʭ ʟʙʫʨʝʥʴ (ʧʦʨʷʜ ʟ ʦʙʦʨʦʪʥʦʶ ʯʘʩʪʦʪʦʶ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʥʘʢʘʯʢʠ 1 3, 3º ɻʮ). ʆʩʪʘʥʥʶ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʥʘ ʨʘʭʫʥʦʢ ʽʥʬʨʘʟʚʫʢʦʚʠʭ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʤʦʜ. 

ʉʠʥʭʨʦʥʽʟʘʮʽʷ ʮʠʭ ʤʦʜ ʟ ʚʠʩʦʢʦʯʘʩʪʦʪʥʠʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤʠ ʤʦʜʘʤʠ ʚʝʜʝ ʜʦ ʘʚʘʨʽʡʥʦ-ʥʝʙʝʟʧʝʯʥʠʭ 

ʙʘʬʪʠʥʛʦʚʠʭ ʨʝʞʠʤʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ ï ʨʠʩ. 12.  

   
ʈʠʩ. 13. ʄʫʣʴʪʠʧʣʽʢʘʪʠʚʥʽ ʪʨʦʾʩʪʽ ʨʝʟʦʥʘʥʩʠ ʚ ʢʦʥʪʘʢʪʘʭ ʨʽʟʘʥʥʷ (ʟʣʽʚʘ) ʪʘ ʢʦʯʝʥʥʷ (ʩʧʨʘʚʘ) 

 

ɺʠʱʝʥʘʚʝʜʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʨʝʟʦʥʘʥʩʥʠʭ ʯʘʩʪʦʪ ʪʘ ʜʦʚʞʠʥ ʭʚʠʣʴ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʟ ʣʦʢʘʣʴʥʦʶ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʝʜʝ ʜʦ ʜʠʥʘʤʽʯʥʦʾ ʩʘʤʦʨʝʛʫʣʷʮʽʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʥʪʘʢʪʥʦʾ 

ʚʟʘʻʤʦʜʽʾ. ɼʦ ʧʨʠʢʣʘʜʫ, ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘʜʢʫ (ʨʠʩ. 12) ʚʦʥʘ ʚʩʪʘʥʦʚʣʶʚʘʣʘʩʴ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʥʘ ʨʽʚʥʽ 

ʙʣʠʟʴʢʦ 3 4 0 ʂ̄ . 
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ʈʠʩ. 14. ɸʢʫʩʪʠʯʥʽ ʩʧʝʢʪʨʠ ʢʦʥʪʘʢʪʥʦʛʦ ʬʨʝʪʠʥʛʫ ʟʘ ʫʤʦʚ: 6000 ʮʠʢʣʽʚ (ʟʣʽʚʘ ʚʛʦʨʽ), 90000 ʮʠʢʣʽʚ (ʩʧʨʘʚʘ ʚʛʦʨʽ), 330000 ʮʠʢʣʽʚ 

(ʟʣʽʚʘ ʚʥʠʟʫ), 528000 ʮʠʢʣʽʚ (ʩʧʨʘʚʘ ʚʥʠʟʫ) 

 

ʅʘ ʧʨʠʢʣʘʜʽ ʢʦʥʪʘʢʪʥʦʛʦ ʬʨʝʪʠʥʛʫ (ʨʠʩ. 14)  ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʢʘʩʢʘʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʝʥʝʨʛʽʾ ʽʥʝʨʮʽʡʥʠʭ ʟʙʫʨʝʥʴ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʢʦʥʪʘʢʪʥʦʛʦ ʟôʻʜʥʘʥʥʷ. ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʧʨʠʧʨʘʮʶʚʘʥʥʷ  

ʜʦʤʽʥʫʻ ʧʨʷʤʠʡ ʢʘʩʢʘʜ ï ʚ ʙʽʢ ʤʝʥʰʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʪʘ ʯʘʩʦʚʠʭ ʤʘʩʰʪʘʙʽʚ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʽʥʪʝʥʩʠʚʥʝ 

ʬʨʝʪʠʥʛ-ʟʥʦʰʫʚʘʥʥʷ ʥʘ ʬʘʢʪʠʯʥʠʭ ʤʽʢʨʦʧʣʷʤʘʭ ʢʦʥʪʘʢʪʫ. ʇʨʠʧʨʘʮʴʦʚʘʥʠʡ ʨʝʞʠʤ  ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʦʙʝʨʥʝʥʠʤ ʝʥʝʨʛʝʪʠʯʥʠʤ ʢʘʩʢʘʜʦʤ. ɺʨʝʰʪʽ ʥʘ ʝʪʘʧʽ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʬʨʝʪʠʥʛ-ʟʥʦʰʫʚʘʥʥʷ  ʟôʷʚʣʷʻʪʴʩʷ ʯʽʪʢʦ 

ʚʠʨʘʞʝʥʠʡ ʨʝʟʦʥʘʥʩʥʠʡ ʪʨʠʧʣʝʪ. 

ɺʠʩʦʢʦʯʘʩʪʦʪʥʽ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʩʧʝʢʪʨʠ ʪʘ ʦʩʮʠʣʦʛʨʘʤʠ ʩʠʛʥʘʣʽʚ ʘʢʫʩʪʠʯʥʦʾ ʝʤʽʩʽʾ ʚ ʢʦʥʪʘʢʪʥʠʭ 

ʪʨʠʙʦʩʠʩʪʝʤʘʭ (ʨʠʩ. 15) ʷʢʽʩʥʦ ʧʦʜʽʙʥʽ ʜʦ ʷʜʝʨʥʠʭ ʪʘ ʢʦʣʘʡʜʝʨʥʠʭ ʩʧʝʢʪʨʽʚ (ʨʠʩ. 1, 2) ʪʘ ʤʽʩʪʷʪʴ ʟʚʫʞʝʥʽ 

ʨʝʟʦʥʘʥʩʥʽ ʣʽʥʽʾ ʥʘ ʬʦʥʽ ʚʰʠʨʝʥʠʭ ʢʣʘʩʪʝʨʽʚ. ʈʠʩ. 16 ʜʝʤʦʥʩʪʨʫʻ ʢʘʪʘʩʪʨʦʬʽʯʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ 

ʢʚʘʟʽʤʦʥʦʭʨʦʤʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʜʦ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʦʛʦ ʨʝʞʠʤʫ ʟ ʧʦʻʜʥʘʥʥʷʤ ʚʠʩʦʢʠʭ 

ʣʦʢʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʥʷ ʽʟ ʨʽʟʢʠʤ ʛʣʠʙʠʥʥʠʤ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʎʝ ʚʝʜʝ ʜʦ ʩʭʦʧʣʝʥʥʷ, 

ʟʘʜʠʨʽʚ ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ. 

 
ʈʠʩ. 15. ʉʧʝʢʪʨʠ ʘʢʫʩʪʠʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʝʤʽʩʽʾ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ [11, 12] 

 

 
 

ʈʠʩ. 16. ʆʩʮʠʣʦʛʨʘʤʠ ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦ ʘʚʘʨʽʡʥʦʛʦ ʨʝʞʠʤʫ ʜʠʥʘʤʽʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ [12] 

 

 

ʈʝʟʦʥʘʥʩʥʽ ʪʨʽʘʜʠ ʚ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 

               ɺʟʘʻʤʦʟʚôʷʟʦʢ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʨʝʟʦʥʘʥʩʥʠʭ ʪʨʽʘʜ ʟ ʛʝʦʜʠʥʘʤʽʯʥʠʤʠ ʪʘ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ 

ʙʽʦʩʠʩʪʝʤʽ ɿʝʤʣʽ ʚʠʷʚʣʷʻʪʴʩʷ, ʟʦʢʨʝʤʘ, ʚ ʮʠʢʣʽʯʥʠʭ ʤʘʩʦʚʠʭ ʚʠʤʠʨʘʥʥʷʭ ʥʘ ʧʣʘʥʝʪʽ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʟ 

ʭʘʨʘʢʪʝʨʥʠʤʠ ʧʝʨʽʦʜʘʤʠ ʙʣʠʟʴʢʦ 26 ʤʣʥ. ʨʦʢʽʚ ʪʘ ʙʣʠʟʴʢʦ 250 ʤʣʥ. ʨʦʢʽʚ (Q = 0,1) ï ʨʠʩ. 17. ɰʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʨʦʩʪʦʨʦʚʽ ʨʘʜʽʫʩʠ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʤʦʜ ʙʣʠʟʴʢʦ 10000 ʘ.ʦ. ʪʘ ʙʣʠʟʴʢʦ 30000 ʘ.ʦ. ʫ ʍʤʘʨʽ ʆʦʨʪʘ ʥʘ ʧʝʨʠʬʝʨʽʾ 

ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. ɿʤʽʥʘ ʣʴʦʜʦʚʠʢʦʚʠʭ ʧʝʨʽʦʜʽʚ ʥʘ ʛʣʦʙʘʣʴʥʽ ʧʦʪʝʧʣʽʥʥʷ (ʨʠʩ. 17) ʨʝʛʫʣʶʶʪʴʩʷ 

ʛʨʘʚʽʪʘʮʽʡʥʠʤʠ ʪʨʽʘʜʘʤʠ ʚ ʤʘʩʰʪʘʙʘʭ ʩʦʪʝʥʴ, ʘʙʦ ʞ ʪʠʩʷʯ ʘʩʪʨʦʥʦʤʽʯʥʠʭ ʦʜʠʥʠʮʴ. ɹʽʣʴʰ ʪʨʠʚʘʣʽ ʮʠʢʣʠ 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Part 1, Issue 2, 2023 (319) 132 

ʛʝʦʜʠʥʘʤʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, ʚʽʜʟʥʘʯʝʥʽ ʨʫʭʦʤ ʢʦʥʪʠʥʝʥʪʽʚ ʟ ʧʝʨʽʦʜʘʤʠ 700-800 ʤʣʥ. ʨʦʢʽʚ, ʦʙʫʤʦʚʣʝʥʽ 

ʪʦʧʦʣʦʛʽʯʥʠʤʠ ʢʘʚʽʪʘʮʽʡʥʠʤʠ ʨʦʟʨʠʚʘʤʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ ʨʘʜʽʫʩʘʤʠ ʙʣʠʟʴʢʦ 0,8-0,9 ʩʚʽʪʣʦʚʠʭ ʨʦʢʽʚ 

ʱʦʜʦ ʮʝʥʪʨʫ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. ʊʘʢʦʛʦ ʨʦʜʫ ʤʘʩʰʪʘʙʠ ʪʘ ʚʟʘʻʤʦʟʚôʷʟʢʠ ʧʦʷʩʥʶʶʪʴ, ʟʦʢʨʝʤʘ, ʧʘʨʘʜʦʢʩʘʣʴʥʝ 

ʥʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ ʚʽʜʪʚʦʨʝʥʥʷ ʟʝʤʥʦʾ ʛʝʦʛʨʘʬʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʚʝʨʜʦʛʦ ʷʜʨʘ ɿʝʤʣʽ [1]. 

 
ʈʠʩ. 17. ʇʝʨʽʦʜʦʛʨʘʤʠ ʤʘʩʦʚʠʭ ʚʠʤʠʨʘʥʴ ʚ ʽʩʪʦʨʽʾ ɿʝʤʣʽ (ʟʣʽʚʘ) [13] ʪʘ ʩʝʨʝʜʥʴʦʪʨʠʚʘʣʠʭ ʚʘʨʽʘʮʽʡ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʤʽʩʪʫ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʪʘ ʧʠʣʫ ʚ ʘʪʤʦʩʬʝʨʽ ɿʝʤʣʽ (ʩʧʨʘʚʘ) [14] 

 

          ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʪʨʽʘʜʠ ʚ ʙʽʦʩʠʩʪʝʤʘʭ ʥʘ ʤʝʟʦʩʢʦʧʽʯʥʦʤʫ ʨʽʚʥʽ ʚʠʷʚʣʝʥʽ, ʟʦʢʨʝʤʘ ʚ ʪ.ʟ. ʙʽʦʣʦʛʽʯʥʽʡ 

ʪʨʘʥʩʤʫʪʘʮʽʾ ʽʟʦʪʦʧʽʚ, ʤʽʪʦʛʝʥʝʪʠʯʥʦʤʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ, ʚ ʧʨʦʮʝʩʘʭ ʩʝʛʨʝʛʘʮʽʾ ʭʨʦʤʦʩʦʤ ʚ ʘʥʘʬʘʟʽ ʤʽʪʦʟʫ ʪʘ 

ʽʥ. [1-3]. ɿʫʧʠʥʠʤʦʩʴ ʪʫʪ ʣʠʰʝʥʴ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʢʘʧʽʣʷʨʥʽʡ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʪʽʣʘ ʣʶʜʠʥʠ ʪʘ ʤʝʭʘʥʽʟʤʘʭ ʾʾ 

ʧʦʨʫʰʝʥʥʷ. ʗʢ ʫʞʝ ʟʘʟʥʘʯʘʣʦʩʴ [1], ʪʝʤʧʝʨʘʪʫʨʽ ʪʽʣʘ 36,6 ʛʨʘʜʫʩʽʚ ʟʘ ʎʝʣʴʩʽʻʤ ʪʘ ʛʫʩʪʠʥʽ ʢʨʦʚʽ ʙʣʠʟʴʢʦ 1,05 

- 1,06 ʛʨʘʤ ʥʘ ʩʘʥʪʠʤʝʪʨ ʢʫʙʽʯʥʠʡ ʟʛʽʜʥʦ ʚʠʱʝʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ (46,47) ʧʨʠ  Q = 1 ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʝʨʤʦʢʦʤʧʣʝʢʩʠ ʥʘ ʦʩʥʦʚʽ ʽʦʥʽʚ ʧʨʠʨʦʜʥʦʛʦ ʟʘʣʽʟʘ-56, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʯʘʩʪʦʪʦʶ  81,65 ɻʮ. ɼʝʩʪʨʫʢʮʽʷ 

ʮʽʻʾ ʪʝʨʤʦʩʪʘʙʽʣʽʟʘʮʽʾ ʢʦʨʦʥʘʚʽʨʫʩʘʤʠ ʪʘ ʽʥʰʠʤʠ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʘʛʝʥʪʘʤʠ ʤʘʻ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʡ ʪʨʦʾʩʪʠʡ 

ʭʘʨʘʢʪʝʨ ï ʟ ʧʦʷʚʦʶ ʩʘʪʝʣʽʪʥʠʭ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʘ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʢʣʘʜʦʚʠʭ ʱʦʜʦ ʥʦʤʽʥʘʣʴʥʦʾ. 

ʎʝ ʧʦʨʫʰʫʻ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʠʭʦʨ-ʭʚʠʣʴʦʚʠʡ ʨʫʭ ʝʨʠʪʨʦʮʠʪʽʚ ʢʘʧʽʣʷʨʘʤʠ ʢʨʦʚʽ, ʨʫʡʥʫʻ ʦʩʪʘʥʥʽ ʪʘ ʚʨʝʰʪʽ 

ʚʝʜʝ ʜʦ ʤʽʢʨʦʽʥʩʫʣʴʪʽʚ ʪʘ ʽʥʰʠʭ ʢʣʽʥʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ. ʊʘʢʘ ʜʝʩʪʨʫʢʮʽʷ ʚ ʷʢʽʩʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʧʦʜʽʙʥʘ ʜʦ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʥʦʨʤʘʪʠʚʥʦʛʦ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʨʝʞʠʤʫ ʜʠʥʘʤʽʯʥʦʾ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʪʝʭʥʽʯʥʽʡ 

ʪʨʠʙʦʩʠʩʪʝʤʽ, ʧʦʢʘʟʘʥʦʤʫ ʥʘ ʨʠʩ. 16. 

 

ɺʠʩʥʦʚʢʠ 
            ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʣʽʜ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʧʨʦ ʪʝ, ʱʦ ʥʘʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʦʾʩʪʠʭ ʤʫʣʴʪʠʧʣʽʢʘʪʠʚʥʠʭ ʨʝʟʦʥʘʥʩʽʚ ʚ ʪʝʭʥʽʯʥʠʭ, 

ʢʦʩʤʽʯʥʠʭ, ʧʩʝʚʜʦʝʣʝʤʝʥʪʘʨʥʠʭ, ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ɿʘʩʧʘ ʖ.ʇ. ʂʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʠʭʦʨ-ʭʚʠʣʴʦʚʽ ʪʝʨʤʦʢʦʤʧʣʝʢʩʠ (ʪʨʽʦʥʠ) ʚ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤʘʭ: 

ʪʝʭʥʽʯʥʠʭ, ʢʦʩʤʽʯʥʠʭ, ʧʩʝʚʜʦʝʣʝʤʝʥʪʘʨʥʠʭ, ʙʽʦʣʦʛʽʯʥʠʭ. ʗʜʨʦ ɿʝʤʣʽ: ʯʘʚʫʥ, ʨʽʜʢʠʡ ʚʫʛʣʝʮʴ ʪʘ ʘʣʤʘʟʠ. 

ɺʝʣʠʢʠʡ ʘʜʨʦʥʥʠʡ ʢʦʣʘʡʜʝʨ: ʛʘʨʷʯʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʧʨʦʪʦʥʽʚ. ʍʤʘʨʘ ʆʦʨʪʘ: ʭʦʣʦʜʥʠʡ ʢʦʣʘʧʩʥʠʡ ʛʝʥʝʨʘʪʦʨ 

ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ ʥʘʜʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ ʪʘ ʜʞʝʨʝʣʦ ʤʽʢʨʦʭʚʠʣʴʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ / ʖ.ʇ. 

ɿʘʩʧʘ // ɺʽʩʥʠʢ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ï ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ï 2019. ï ˉ 4 (275). ï ʉ. 227ï

241. 

2. ɿʘʩʧʘ ʖ.ʇ. ɸʥʪʠʩʠʤʝʪʨʽʷ ʪʘ ʢʘʚʽʪʘʮʽʡʥʽ ʪʦʧʦʣʦʛʽʯʥʽ ʨʦʟʨʠʚʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʩʪʦʨʫ ʡ ʽʥʝʨʪʥʦʾ 
ʤʘʩʠ ʚ ʦʩʥʦʚʽ ʝʢʩʠʤʝʨʥʠʭ ʩʠʩʪʝʤ ʢʚʘʥʪʦʚʦʾ ʛʝʥʝʨʘʮʽʾ ʦʙʤʽʥʥʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʄʦʥʦʤʝʨʥʘ 
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̨̨̨̍̋̑̏̏̑̄́̎̈̍̃ȟ ̏̚ ̟̝̃̉̋̌̉̋́̓ ̠̐̒̔̃́̎̎ȟ ́ ̓́̋̏̇ ̨̨̠̝̝̅̌̎̒̓ ̨̆̑̍̆̎̓̃̕ȟ ̨̟̘̈̂̆̑̄́̉ȟ ̓́̋̉̍ ̘̉̎̏̍ȟ ̒̓̑̔̋̓̔̑̔ȟ 
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STUDY OF THE TECHNOL OGICAL SCHEME OF TOM ATO PASTE DRYING AND  SAFETY CONTROL 

ACCORDING TO THE PRI NCIPLES OF HACCP 
 

Drying fruits and vegetables is a process in which the removal of moisture stops the activity of microorganisms that cause 
spoilage, as well as the activity of enzymes, thus preserving the structure, organoleptic characteristics and nutritional value of the raw 
material. The conditions of drying and grinding during processing of powders strongly influence the qualitative characteristics of biological 
materials. Ensuring the quality of vegetable powders requires constant improvement of appropriate drying technologies, which will allow to 
significantly reduce the duration of processing and improve the quality of the finished product. Solving the problem of tomato powder 
production is possible by improving the technological scheme and drying by spraying. The main advantage of a vacuum-type dryer is the 
high quality of the finished product when drying heat-sensitive, easily oxidized raw materials. 

The paper proposes a technological scheme for drying tomato paste by the spray method to obtain a powder with improved 
consumption properties, due to the preservation of vitamins, valuable macro- and microelements. A block diagram of the control of the 
manufacturing process and the HACCP plan (analysis and control of hazardous factors) of tomato paste powder with the establishment of 
control and control-critical points on it are given, which allow to fully control the entire process of the production of a safe food product in 
accordance with the principles of HACCP. The main advantage of a vacuum-type dryer is the high quality of the finished product. 
Dehydration of tomato paste granules, taking into account the maximum preservation of valuable nutrients in the product at different 
coolant temperatures, led to the high quality of the finished product. 

Keywords: tomato paste; tomato powder; drying; HACCP; control critical points; dry matter. 
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ʭʘʨʯʦʚʘ ʜʦʙʘʚʢʘ ʚ ʢʫʣʽʥʘʨʽʾ ʜʣʷ ʥʘʜʘʥʥʷ ʩʪʨʘʚʘʤ ʭʘʨʘʢʪʝʨʥʦʛʦ ʟʘʧʘʭʫ ʪʘ ʢʦʣʴʦʨʫ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ  

ʩʫʰʝʥʦʾ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟ ʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʫ ʩʢʣʘʜʽ ʽʥʰʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ 

ʚʽʜʢʨʠʚʘʻ ʚʝʣʠʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʥʘʧʨʷʤʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʦʨʛʘʥʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʥʘ ʋʢʨʘʾʥʽ ʪʘ ʟʘ ʾʾ ʤʝʞʘʤʠ [1]. ɿʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʦʚʦʯʝʚʠʭ ʧʦʨʦʰʢʽʚ ʯʠʥʠʪʴ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ [2]. ʉʫʯʘʩʥʠʤʠ ʩʧʦʩʦʙʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʦʚʦʯʝʚʠʭ 

ʧʦʨʦʰʢʽʚ ʻ ʩʫʙʣʽʤʘʮʽʡʥʘ ʩʫʰʢʘ ʪʘ ʩʫʰʢʘ ʨʦʟʧʠʣʝʥʥʷʤ [3].  ʃʽʦʬʽʣʽʟʘʮʽʡʥʝ ʩʫʰʽʥʥʷ ʚʚʘʞʘʻʪʴʩʷ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʤ ʫ ʟʙʝʨʝʞʝʥʥʽ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʧʨʦʜʫʢʪʘʭ, ʘʣʝ ʡʦʛʦ ʧʨʦʤʠʩʣʦʚʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʶ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʩʦʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʠʟʴʢʘ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ.  ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʦʚʦʯʝʚʠʭ ʧʦʨʦʰʢʽʚ ʧʦʪʨʝʙʫʻ ʧʦʩʪʽʡʥʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʩʫʰʽʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʤʝʥʰʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʦʙʨʦʙʢʠ.  ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʦʣʦʛʽʷʭ ʚʽʜʩʫʪʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʜʦʤʽʰʦʢ (ʟ ʧʦʛʣʷʜʫ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ).   ʈʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ  ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʪʘ ʩʫʰʽʥʥʷ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʶʚʘʥʥʷ.  
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʞʝʨʝʣ 

ɺ ʨʦʙʦʪʽ [4] ʥʘʚʝʜʝʥʦ ʦʛʣʷʜ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʩʫʰʽʥʥʷ ʧʣʦʜʦʦʚʦʯʝʚʦʾ ʩʠʨʦʚʠʥʠ, ʘ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʧʣʠʚ ʧʨʦʮʝʩʽʚ ʧʦʜʨʽʙʥʝʥʥʷ ʥʘ ʟʘʛʘʣʴʥʫ ʷʢʽʩʪʴ ʬʨʫʢʪʦʚʠʭ ʪʘ ʦʚʦʯʝʚʠʭ ʧʦʨʦʰʢʽʚ. ɺʚʘʞʘʻʤʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʩʧʦʩʦʙʫ ʯʝʨʛʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʩʫʰʽʥʥʷ  ʻ ʥʝʜʦʮʽʣʴʥʠʤ, ʚ ʟʚôʷʟʢʫ ʟ ʚʠʩʦʢʠʤʠ ʚʠʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ 

ʪʘ ʩʢʣʘʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʜʦʩʢʦʥʘʣʝʥʥʶ  ʩʧʦʩʦʙʫ ʩʫʰʽʥʥʷ ʦʚʦʯʝʚʠʭ ʧʘʩʪʠ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ. ɺʽʜʦʤʠʡ ʩʧʦʩʽʙ [5] ʦʜʝʨʞʘʥʥʷ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ, ʢʦʣʠ ʽʟ 

ʧʨʠʛʦʪʦʚʣʝʥʦʾ ʧʘʩʪʠ ʚʠʧʘʨʦʚʫʶʪʴ ʚʦʣʦʛʫ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʭ ʘʧʘʨʘʪʘʭ ʜʦ ʚʤʽʩʪʫ ʩʫʭʠʭ ʨʝʯʦʚʠʥ 14...16 %, 

ʧʦʪʽʤ ʟʤʽʰʫʶʪʴ ʟ ʢʨʦʭʤʘʣʝʤ, ʧʽʜʽʛʨʽʚʘʶʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʢʣʝʡʩʪʝʨʠʟʘʮʽʾ ʢʨʦʭʤʘʣʶ, ʧʨʦʚʦʜʷʪʴ ʧʨʦʮʝʩ 

ʩʫʰʽʥʥʷ, ʧʦʜʨʽʙʥʝʥʥʷ, ʩʝʧʘʨʘʮʽʾ, ʬʘʩʫʶʪʴ ʪʘ ʧʘʢʫʶʪʴ ɼʦʜʘʥʠʡ ʫ ʪʦʤʘʪʥʫ ʧʘʩʪʫ ʢʨʦʭʤʘʣʴ ʟʥʠʞʫʻ 

ʧʨʠʣʠʧʘʥʥʷ ʩʫʤʽʰʽ ʜʦ ʧʦʚʝʨʭʥʽ ʩʫʰʽʥʥʷ.  ʆʜʝʨʞʘʥʠʡ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʪʦʤʘʪʥʠʡ ʧʦʨʦʰʦʢ ʟ ʢʨʦʭʤʘʣʝʤ ʤʘʻ 

ʦʙʤʝʞʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʧʨʦʜʫʢʪʘʭ ʭʘʨʯʫʚʘʥʥʷ, ʜʝ ʢʨʦʭʤʘʣʴ ʟʘʡʚʠʡ, ʘ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʧʦʨʦʰʢʫ ʚʽʥ 

ʛʽʜʨʦʣʽʟʫʻʪʴʩʷ, ʫʪʚʦʨʶʶʪʴʩʷ ʛʝʣʝʧʦʜʽʙʥʽ ʨʝʯʦʚʠʥʠ, ʷʢʽ ʚʠʢʣʠʢʘʶʪʴ ʧʦʤʫʪʥʽʥʥʷ, ʱʦ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʪʦʤʘʪʥʦʛʦ 

ʧʦʨʦʰʢʫ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ. ʊʘʢʦʞ, ʥʝʜʦʣʽʢʦʤ ʢʦʥʪʘʢʪʥʠʭ ʩʫʰʘʨʦʢ ʻ ʦʙʤʝʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʛʨʽʶʯʦʾ 

ʧʦʚʝʨʭʥʽ. 

ʅʘʫʢʦʚʮʽ ʧʨʦʧʦʥʫʶʪʴ ʩʧʦʩʽʙ ʦʜʝʨʞʘʥʥʷ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ ʟ ʜʦʙʘʚʢʦʶ [6], ʷʢʠʡ ʚʢʣʶʯʘʻ ʧʨʦʮʝʩʠ 

ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ, ʛʨʘʥʫʣʶʚʘʥʥʷ, ʙʘʛʘʪʦʩʪʫʧʽʥʯʘʩʪʝ ʩʫʰʽʥʥʷ, ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʧʠʣʶʚʘʥʥʷ 

ʩʫʰʝʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʷʢʠʡ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʪʦʤʘʪʥʫ ʧʘʩʪʫ ʧʝʨʝʜ ʛʨʘʥʫʣʶʚʘʥʥʷʤ ʟʤʽʰʫʶʪʴ ʟ  ʤʦʨʢʚʷʥʠʤ 

ʧʦʨʦʰʢʦʤ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʩʫʤʽʰʰʶ ʚʦʣʦʛʦʩʪʽ 47-53%. ɼʘʥʠʡ ʩʧʦʩʽʙ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʾ  ʩʫʰʝʥʦʾ ʩʠʨʦʚʠʥʠ 

(ʤʦʨʢʚʠ), ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʈʘʟʦʤ ʟ ʪʠʤ, ʜʘʥʠʡ ʩʧʦʩʽʙ ʻ ʝʥʝʨʛʦʻʤʥʠʤ, ʪʘʢ ʷʢ 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ  ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʪʠʨʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʘʛʨʽʚʘʥʥʷ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ, ʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʩʫʰʽʥʥʷ ʛʘʨʷʯʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʚʪʨʘʪ ʢʦʨʠʩʥʠʭ ʨʝʯʦʚʠʥ ʧʨʠ ʦʪʨʠʤʘʥʥʽ 

ʜʘʥʠʭ ʧʦʨʦʰʢʽʚ.  

ɺ ʨʦʙʦʪʽ [7] ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʣʽʢʦʧʽʥʫ ʧʽʜ ʯʘʩ ʨʦʟʧʠʣʶʚʘʣʴʥʦʛʦ ʩʫʰʽʥʥʷ ʤ'ʷʢʦʪʽ 

ʪʦʤʘʪʽʚ,  ʚʧʣʠʚ ʫʤʦʚ ʩʫʰʽʥʥʷ ʥʘ ʚʤʽʩʪ ʣʽʢʦʧʽʥʫ ʚ ʪʦʤʘʪʥʦʤʫ ʧʦʨʦʰʢʫ. ʃʽʢʦʧʽʥ ʻ ʦʩʥʦʚʥʠʤ ʧʽʛʤʝʥʪʦʤ, ʷʢʠʡ 

ʤʽʩʪʠʪʴʩʷ ʚ ʧʦʤʽʜʦʨʘʭ, ʽ ʚʽʥ ʚʘʞʣʠʚʠʡ ʥʝ ʣʠʰʝ ʯʝʨʝʟ ʢʦʣʽʨ, ʷʢʠʡ ʚʽʥ ʥʘʜʘʻ, ʘʣʝ ʡ ʯʝʨʝʟ ʚʠʟʥʘʥʫ ʢʦʨʠʩʪʴ ʜʣʷ 

ʟʜʦʨʦʚôʷ, ʧʦʚôʷʟʘʥʫ ʟ ʡʦʛʦ ʧʨʠʩʫʪʥʽʩʪʶ. ɼʝʛʨʘʜʘʮʽʷ ʣʽʢʦʧʽʥʫ ʚʧʣʠʚʘʻ ʥʝ ʪʽʣʴʢʠ ʥʘ ʧʨʠʚʘʙʣʠʚʠʡ ʢʦʣʽʨ 

ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʣʝ ʡ ʥʘ ʾʭ ʧʦʞʠʚʥʫ ʮʽʥʥʽʩʪʴ. ʄʥʦʞʠʥʥʠʡ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʧʨʦʛʥʦʟʥʦʛʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʤʽʩʪʫ ʣʽʢʦʧʽʥʫ ʧʽʜ ʯʘʩ ʩʫʰʽʥʥʷ ʨʦʟʧʠʣʝʥʥʷʤ. ɿʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʣʽʢʦʧʽʥʫ, ʧʨʦ ʷʢʝ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʪʫʪ, ʙʫʣʦ ʩʧʨʠʯʠʥʝʥʝ ʬʘʢʪʠʯʥʠʤ ʨʦʟʢʣʘʜʘʥʥʷʤ ʣʽʢʦʧʽʥʫ, ʘ ʥʝ 

ʧʨʦʛʨʝʩʠʚʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʚʥʽʩʪʶ ʪʨʘʥʩ-ʣʽʢʦʧʽʥʫ ʚ ʤʝʥʰ ʩʠʣʴʥʦ ʟʘʙʘʨʚʣʝʥʫ ʪʘ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʦ 

ʧʦʛʣʠʥʘʶʯʫ cis -ʬʦʨʤʫ. ʊʘʢʠʡ ʩʧʦʩʽʙ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʧʦʨʦʰʢʽʚ ʽʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʽʟ ʟʘʜʘʥʦʶ 

ʜʠʩʧʝʨʩʥʽʩʪʶ, ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʦʤʢʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ ʟʙʝʨʝʞʝʥʥʷʤ ʫ 

ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʽ ʚʽʪʘʤʽʥʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ.  

ɺ ʨʦʙʦʪʽ [8] ʧʽʜʩʫʤʦʚʫʶʪʴʩʷ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʩʫʰʽʥʥʷ ʬʨʫʢʪʦʚʠʭ ʽ ʦʚʦʯʝʚʠʭ ʩʦʢʽʚ ʤʝʪʦʜʦʤ 

ʨʦʟʧʠʣʝʥʥʷ ʪʘ ʥʦʚʽ ʨʦʟʨʦʙʢʠ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʪʝʭʥʽʢʠ ʧʽʜ ʯʘʩ ʨʦʟʧʠʣʝʥʥʷ, ʚʘʢʫʫʤʥʦʾ ʩʫʰʠʣʴʥʦʾ 

ʢʘʤʝʨʠ ʟ ʢʦʥʪʨʦʣʴʦʚʘʥʦʶ ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʧʦʜʘʯʽ ʦʩʫʰʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʩʫʰʠʣʴʥʫ ʢʘʤʝʨʫ ʩʫʰʘʨʢʠ ʧʦʤʽʪʥʦ 

ʧʽʜʚʠʱʠʣʠ ʧʦʪʝʥʮʽʘʣ ʪʝʭʥʦʣʦʛʽʾ ʩʫʰʽʥʥʷʤ. ʎʽ ʜʦʩʷʛʥʝʥʥʷ ʩʧʨʠʷʪʠʤʫʪʴ ʧʦʜʘʣʴʰʦʤʫ ʚʜʦʩʢʦʥʘʣʝʥʥʶ 

ʜʦʩʣʽʜʞʝʥʴ ʩʫʰʽʥʥʷ ʬʨʫʢʪʦʚʠʭ ʽ ʦʚʦʯʝʚʠʭ ʩʦʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʩʫʰʽʥʥʷ ʨʦʟʧʠʣʝʥʥʷʤ. 

ɺ ʨʦʙʦʪʽ  [9], ʘʚʪʦʨʠ ʧʨʦʚʝʣʠ ʘʥʘʣʽʟ ʷʢʦʩʪʽ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ, ʦʪʨʠʤʘʥʦʛʦ ʟʘ ʯʦʪʠʨʤʘ 

ʪʝʭʥʦʣʦʛʽʷʤʠ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʫʰʽʥʥʷ,  ʘ ʩʘʤʝ ʚʘʢʫʫʤʥʫ ʙʘʨʘʙʘʥʥʫ ʩʫʰʘʨʢʫ, ʙʘʨʘʙʘʥʥʫ ʩʫʰʘʨʢʫ, 

ʪʦʥʢʦʧʣʽʚʢʦʚʫ ʩʫʰʘʨʢʫ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʽ ʨʝʬʨʘʢʪʦʤʝʪʨʠʯʥʫ ʩʫʰʘʨʢʫ. ʅʘʫʢʦʚʮʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʪʦʜʠ 

ʩʫʰʽʥʥʷ ʩʠʣʴʥʦ ʚʧʣʠʥʫʣʠ ʥʘ ʢʽʥʮʝʚʫ ʤʦʨʬʦʣʦʛʽʶ ʧʦʨʦʰʢʫ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʚʽʜʧʨʘʚʥʦʶ 

ʪʦʯʢʦʶ ʜʣʷ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʡ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʫʰʽʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʷʢʽʩʥʠʭ 

ʪʦʤʘʪʥʠʭ ʧʦʨʦʰʢʽʚ ʪʘ ʽʥʰʠʭ ʦʚʦʯʝʚʠʭ ʧʦʨʦʰʢʽʚ. ʇʨʦʪʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʫ ʻ ʚʽʜʥʦʩʥʦ 

ʧʦʚʽʣʴʥʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʩʫʰʽʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ ʪʦʤʘʪʥʦʛʦ ʧʶʨʝ, ʽ ʪʦʤʫ ʤʘʻ ʦʙʤʝʞʝʥʥʷ ʱʦʜʦ ʧʦʪʫʞʥʦʩʪʽ, 

ʘ ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʝʥʩʦʨʥʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʛʦ ʪʦʤʘʪʥʦʛʦ 

ʧʦʨʦʰʢʫ.  

ɺʽʪʯʠʟʥʷʥʠʤʠ ʚʯʝʥʠʤʠ [10] ʧʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ 

ʦʜʝʨʞʘʪʠ ʝʤʧʽʨʠʯʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʽʥʞʝʥʝʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʩʫʰʘʨʢʠ ʽʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ ʽʥʝʨʪʥʦʛʦ ʥʦʩʽʷ ʜʣʷ ʩʫʰʽʥʥʷ ʜʠʩʧʝʨʩʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. ʋ ʧʨʦʮʝʩʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʦʤʠʩʣʦʚʦʾ ʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʜʣʷ ʩʫʰʽʥʥʷ 

ʚʠʯʘʚʦʢ ʷʜʨʘ ʚʦʣʦʩʴʢʦʛʦ ʛʦʨʽʭʫ, ʘʨʘʭʽʩʫ ʪʘ ʬʽʩʪʘʰʦʢ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʨʦʙʦʪʽ ʩʧʦʩʽʙ ʩʫʰʽʥʥʷ ʤʘʻ ʥʠʟʢʫ 

ʧʝʨʝʚʘʛ ʥʘʜ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʽ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ. ɸʣʝ ʜʣʷ ʪʦʤʘʪʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʝʤʘʻ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ. 

 ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʩʧʨʝʡ-ʩʫʙʣʽʤʘʮʽʡʥʦʛʦ ʩʫʰʽʥʥʷ 

ʚʠʤʦʨʦʞʫʚʘʥʥʷʤ [11], ʷʢʘ ʜʦʟʚʦʣʷʻ  ʟʙʝʨʝʛʪʠ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʫ  ʪʘ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʨʝʯʦʚʠʥʠ (ɹɸʈ). 

ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʜʦʚʦʜʷʪʴ, ʱʦ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʥʚʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʙʝʟ ʜʦʙʘʚʦʢ 

ʥʝʤʦʞʣʠʚʦ, ʪʘʢ ʷʢ ʘʜʛʝʟʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠ ʩʪʠʢʘʥʥʽ ʾʾ ʟ ʤʘʪʝʨʽʘʣʦʤ ʩʫʰʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʥʝʛʘʪʠʚʥʫ 

ʷʢʽʩʪʴ, ʚʠʩʫʰʝʥʠʡ ʧʨʦʜʫʢʪ ʧʨʠʣʠʧʘʻ ʜʦ ʧʦʚʝʨʭʥʽ ʽ ʚʘʞʢʦ ʡʦʛʦ ʚʽʜʦʢʨʝʤʠʪʠ, ʧʦʜʨʽʙʥʠʪʠ ʪʘ ʧʨʦʩʽʷʪʠ, ʱʦ 

ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʦʜʝʨʞʘʥʦʛʦ ʧʨʦʜʫʢʪʫ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʟʫʶʯʠ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʫʢʦʚʮʽʚ ʱʦʜʦ ʩʧʦʩʦʙʽʚ  ʩʫʰʽʥʥʷ  ʧʶʨʝʧʦʜʽʙʥʠʭ 
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ʧʨʦʜʫʢʪʽʚ,  ʘʚʪʦʨʘʤʠ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ  ʜʦʩʣʽʜʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ)  

ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ. ʉʫʰʢʘ ʨʦʟʧʠʣʝʥʥʷʤ ʻ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʥʦʶ ʪʝʭʥʽʢʦʶ, ʷʢʘ ʧʽʜʪʨʠʤʫʻ ʷʢʽʩʪʴ ʰʣʷʭʦʤ 

ʰʚʠʜʢʦʛʦ ʟʥʝʚʦʜʥʝʥʥʷ. ɼʘʥʠʡ ʤʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʠʭ ʢʨʘʧʝʣʴ ʨʽʜʠʥʠ 

ʰʣʷʭʦʤ ʨʦʟʧʠʣʝʥʥʷ ʚ ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʨʦʙʥʠʮʪʚʘ ʯʘʩʪʠʥʦʢ ʧʦʨʦʰʢʫ ʧʨʘʚʠʣʴʥʦʾ ʪʘ 

ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ  ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ  ʤʝʪʦʜʦʤ 

ʨʦʟʧʠʣʝʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʫ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʩʧʦʞʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʝʨʝʞʝʥʥʷ 

ʚʽʪʘʤʽʥʽʚ, ʮʽʥʥʠʭ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʪʘ ʚʠʨʽʰʝʥʦ 

ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: 1)  ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ); 2)  

ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʩʫʰʽʥʥʷ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ; 3) ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ ʩʫʰʝʥʦʛʦ ʧʨʦʜʫʢʪʫ ʽ 

ʙʝʟʧʝʯʥʦʩʪʽ ʟʛʽʜʥʦ ʩʠʩʪʝʤʠ ʅɸʉʉʈ. 

  ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ  ʪʦʤʘʪʥʘ ʧʘʩʪʘ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ) ʚʠʱʦʛʦ ˇʘʪʫʥʢʫ  (ʙʝʟ ʩʦʣʽ) 

ʘʩʝʧʪʠʯʥʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ,  ʊʆɺ çɸʛʨʦʌʴʶʞʝʥè (ʤ. ɻʦʣʘ ʇʨʠʩʪʘʥʴ, ʍʝʨʩʦʥʩʴʢʘ ʦʙʣ.):  ʩʫʰʝʥʠʡ ʪʦʤʘʪʥʠʡ 

ʧʦʨʦʰʦʢ (ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ).  ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ  ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʩʫʰʽʥʥʷ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʤʝʪʦʜʠ ʥʘʫʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ: ʣʦʛʽʯʥʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ 

ʘʙʩʪʨʘʛʫʚʘʥʥʷ (ʪʝʦʨʝʪʠʯʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʬʦʨʤʫʣʶʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ); ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ,   ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʽ 

ʩʠʥʪʝʟʫ; ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ; ʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ (ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ)  

ʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ (ʩʫʰʝʥʦʛʦ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ) ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʥʽ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʙʽʦʭʽʤʽʯʥʽ, 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʩʫʰʽʥʥʷ ʻ ʪʦʤʘʪʥʘ ʧʘʩʪʘ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ) ʘʩʝʧʪʠʯʥʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ. ɼʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʚʽʞʽ ʪʦʤʘʪʠ ʟʘ ɼʉʊʋ3246-95 [17]. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʰʝʥʦʾ 

ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʩʫʰʽʥʥʷ ʨʦʟʧʠʣʶʚʘʥʥʷʤ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ) 

ʘʩʝʧʪʠʯʥʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ, ʷʢʘ ʚʠʛʦʪʦʚʣʝʥʘ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ Hot break. ʇʽʜ ʪʝʨʤʽʥʦʤ Hot break  

ʨʦʟʫʤʽʶʪʴ ʧʨʦʮʝʩ ʧʦʜʨʽʙʥʝʥʥʷ ʪʦʤʘʪʽʚ ʧʨʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜ 85 ʜʦ 90ÜC. ʇʨʦʜʫʢʪ, ʷʢʠʡ 

ʚʠʛʦʪʦʚʣʝʥʠʡ ʩʧʦʩʦʙʦʤ Hot break ʙʽʣʴʰ ʚ'ʷʟʢʠʡ ʪʘ ʛʫʩʪʠʡ, ʤʘʻ ʚ'ʷʟʢʽʩʪʴ ʚʽʜ 3,5 ʜʦ 6,0 ʩʤ/30ʩ. ʊʦʤʘʪʢʫ 

ʧʘʩʪʫ (Hot break) ʫ ʧʦʜʘʣʴʰʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʝʪʯʫʧʽʚ ʪʘ ʩʦʫʩʽʚ, ʪʘʢʘ ʚôʷʟʢʽʩʪʴ 

ʧʘʩʪʠ ʛʘʨʘʥʪʫʻ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʨʝʮʝʧʪʫʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʨʦʭʤʘʣʶ ʫ ʪʦʤʘʪʦʧʨʦʜʫʢʪʘʭ. ʇʨʦʮʝʜʫʨʘ, ʱʦ 

ʟʙʽʣʴʰʫʻ ʚôʷʟʢʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʝʥʟʠʤʘʮʽʡʥʦʶ ʽʥʘʢʪʠʚʘʮʽʻʶ, ʟʤʝʥʰʫʻ 

ʨʠʟʠʢ ʧʦʷʚʠ ʩʠʥʝʨʝʟʠʩʫ (ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʠʥʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʜʫʢʪʫ ʚʽʜ ʡʦʛʦ ʚʦʣʦʢʥʠʩʪʦʾ ʯʘʩʪʠʥʠ).  

ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʭʦʛʦ ʧʦʨʦʰʢʫ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ (30% ʩʫʭʠʭ ʨʝʯʦʚʠʥ) ʟʘ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 ʽ 2. 

 

ʊʘʙʣʠʮʷ  1  

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʤʘʪʥʦʾ  ʧʘʩʪʠ 

ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʆʜʥʦʨʽʜʥʘ ʢʦʥʮʝʥʪʨʦʚʘʥʘ ʤʘʩʘ, ʙʝʟ ʪʝʤʥʠʭ ʚʢʣʶʯʝʥʴ, ʟʘʣʠʰʢʽʚ ʰʢʽʨʢʠ, 

ʥʘʩʽʥʥʷ ʪʘ ʽʥʰʠʭ ʛʨʫʙʠʭ ʯʘʩʪʠʥʦʢ ʧʣʦʜʽʚ. 

ʉʤʘʢ ʪʘ ʟʘʧʘʭ ʂʦʥʮʝʥʪʨʦʚʘʥʦʾ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ, ʙʝʟ ʛʽʨʢʦʪʠ, ʧʨʠʛʘʨʫ ʪʘ ʽʥʰʠʭ  ʩʪʦʨʦʥʥʽʭ 

ʧʨʠʩʤʘʢʫ ʪʘ ʟʘʧʘʭʫ 

ʂʦʣʽʨ ʏʝʨʚʦʥʠʡ, ʧʦʤʘʨʘʥʯʝʚʦ-ʯʝʨʚʦʥʠʡ ʘʙʦ ʤʘʣʠʥʦʚʦ-ʯʝʨʚʦʥʠʡ, ʨʽʚʥʦʤʽʨʥʠʡ ʧʦ ʚʩʽʡ 

ʤʘʩʽ 

 

ʊʘʙʣʠʮʷ 2 

ʌʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ,  % ʊʦʤʘʪʥʘ ʧʘʩʪʘ  

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʩʫʭʠʭ ʨʝʯʦʚʠʥ (ʙʝʟ ʭʣʦʨʠʜʽʚ) 30 

ʍʣʦʨʠʜʠ 2,5 

ɼʦʤʽʰʢʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʅʝ ʜʦʧʫʩʢʘʶʪʴʩʷ 

ʏʘʩʪʢʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʤʽʰʦʢ 0,023 

ʉʪʦʨʦʥʥʽ ʜʦʤʽʰʢʠ ʅʝ ʜʦʧʫʩʢʘʶʪʴʩʷ 

 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ ʚʢʣʶʯʘʻ ʪʘʢʽ ʧʨʦʮʝʩʠ: ʟʙʝʨʽʛʘʥʥʷ ʚ ʘʩʝʧʪʠʯʥʠʭ ʫʤʦʚʘʭ (ʚʝʣʠʢʘ ʪʘʨʘ); 

ʨʦʟʪʘʨʶʚʘʥʥʷ; ʽʥʩʧʝʢʮʽʷ; ʧʽʜʽʛʨʽʚʘʥʥʷ ʜʦ 80 Áʉ; ʩʫʰʽʥʥʷ; ʬʘʩʫʚʘʥʥʷ; ʚʘʢʫʫʤʫʚʘʥʥʷ; ʟʙʝʨʽʛʘʥʥʷ. 

ʆʧʠʩ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ: ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ ʪʦʤʘʪʥʘ ʧʘʩʪʘ ʘʩʝʧʪʠʯʥʦʛʦ 

ʢʦʥʩʝʨʚʫʚʘʥʥʷ ʚʠʚʘʥʪʘʞʫʻʪʴʩʷ ʟ ʙʦʯʦʢ ʚ ʻʤʥʽʩʪʴ. ɼʘʣʽ ʪʦʤʘʪʥʫ ʧʘʩʪʫ ʥʘʧʨʘʚʣʷʶʪʴ ʚ ʢʦʞʫʭʦʪʨʫʙʯʘʩʪʠʡ 

ʧʽʜʽʛʨʽʚʘʯ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʜʦ 80 Áʉ. ʇʽʩʣʷ ʧʽʜʽʛʨʽʚʘʥʥʷ ʪʦʤʘʪʥʘ ʧʘʩʪʘ ʧʦʜʘʻʪʴʩʷ ʚ ʚʘʢʫʫʤʥʦ-ʨʦʟʧʠʣʶʚʘʣʴʥʫ 

ʩʫʰʘʨʢʫ. ɻʦʪʦʚʠʡ ʩʫʰʝʥʠʡ ʪʦʤʘʪʥʠʡ ʧʦʨʦʰʦʢ ʬʘʩʫʻʪʴʩʷ ʥʘ ʜʦʟʫʚʘʣʴʥʦ-ʬʘʩʫʚʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ ʜʣʷ 

ʧʦʨʦʰʢʽʚ.    ɿʙʝʨʽʛʘʪʠ ʪʦʤʘʪʥʠʡ ʧʦʨʦʰʦʢ ʧʦʪʨʽʙʥʦ ʚ ʛʝʨʤʝʪʠʯʥʽʡ ʪʘʨʽ, ʫ ʤʽʩʮʷʭ ʙʝʟ ʜʦʩʪʫʧʫ ʚʦʣʦʛʠ, ʪʘʢ ʷʢ 

ʧʨʦʜʫʢʪ ʤʘʻ ʚʠʩʦʢʫ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ. ʇʨʦ ʧʩʫʚʘʥʥʷ ʩʚʽʜʯʠʪʴ ʚʪʨʘʪʘ ʢʦʣʴʦʨʫ, ʥʘʙʫʪʪʷ ʩʪʦʨʦʥʥʽʭ ʟʘʧʘʭʽʚ, 

ʧʦʷʚʘ ʮʚʽʣʽ, ʫʪʚʦʨʝʥʥʷ ʛʨʫʜʦʯʦʢ. 
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ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʩʫʰʠʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʚʘʢʫʫʤʥʦʛʦ ʪʠʧʫ ï ʚʠʩʦʢʘ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʨʠ 

ʩʫʰʽʥʥʽ ʩʠʨʦʚʠʥʠ, ʯʫʪʣʠʚʦʾ ʜʦ ʥʘʛʨʽʚʘʥʥʷ, ʱʦ ʣʝʛʢʦ ʦʢʠʩʣʶʻʪʴʩʷ. ɿʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʦʛʦ ʪʠʩʢʫ ʚ ʩʫʰʠʣʴʥʽʡ 

ʢʘʤʝʨʽ ʢʠʧʽʥʥʷ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʙʽʣʴʰ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʷʢ ʥʘʩʣʽʜʦʢ ʰʚʠʜʢʽʩʪʴ ʟʥʝʚʦʜʥʝʥʥʷ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʌʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʪʦʙʪʦ ʚʤʽʩʪ ʚʦʣʦʛʠ, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ ʽ 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ, ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʫʰʽʥʥʷ ʪʘ ʪʝʧʣʦ ʘʛʝʥʪʘ [13]. ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʩʫʰʽʥʥʽ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʻ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʚʭʦʜʽ ʪʘ ʥʦʩʽʡ. ɺʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʰʽʥʥʷ 

ʧʦʰʢʦʜʞʫʻ ʯʫʪʣʠʚʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʽ ʩʧʦʣʫʢʠ, ʥʦʩʽʡ ʟʘʭʠʱʘʻ ʪʘʢʽ ʩʧʦʣʫʢʠ, ʘ ʽʥʰʽ ʬʘʢʪʦʨʠ, ʟʘʣʫʯʝʥʽ ʜʦ 

ʩʫʰʽʥʥʷ ʨʦʟʧʠʣʝʥʥʷʤ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʪʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʦʜʫʢʪʫ [14,15].   

ʇʨʦʮʝʩ ʩʫʰʽʥʥʷ  ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʜʘʣʠʪʠ ʚʦʣʦʛʫ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʟʥʘʯʝʥʥʷ  W1= 70% ʜʦ 

W2=7-9 %, ʟʘʧʦʙʽʛʪʠ ʟʣʠʧʘʥʥʶ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʝʨʰʠʡ ʝʪʘʧ  ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ  ʜʦʟʚʦʣʷʻ ʚʠʜʘʣʠʪʠ 

ʧʦʚʝʨʭʥʝʚʫ ʚʦʣʦʛʫ (ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ W1= 70% ʜʦ W2= 38%), ʟʘʧʦʙʽʛʪʠ ʟʣʠʧʘʥʥʶ ʨʦʩʣʠʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  ʅʘ 

ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʽʥʪʝʥʩʠʬʽʢʫʻʪʴʩʷ ʟʦʚʥʽʰʥʽʡ ʽ ʚʥʫʪʨʽʰʥʽʡ ʪʝʧʣʦ- ʽ ʤʘʩʦʦʙʤʽʥ, ʩʢʦʨʦʯʫʻʪʴʩʷ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʽ ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʝʨʝʛʨʽʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʥʝ ʪʽʣʴʢʠ ʚ ʧʝʨʰʦʤʫ ʧʝʨʽʦʜʽ ʩʫʰʽʥʥʷ, ʘʣʝ ʽ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʚʽʣʴʥʦʾ 

ʚʦʣʦʛʠ (ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ W3= 38 % ʜʦ W4= 7-9%) ʚ ʨʦʟʧʠʣʶʚʘʣʴʥʽʡ ʩʫʰʘʨʮʽ. 

ʆʙʝʟʚʦʜʥʶʚʘʥʥʷ ʛʨʘʥʫʣ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʙʝʨʝʞʝʥʥʷ ʮʽʥʥʠʭ ʧʦʞʠʚʥʠʭ  

ʨʝʯʦʚʠʥ ʫ ʧʨʦʜʫʢʪʽ ʟʘ ʨʽʟʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠʚʝʣʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ  ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 3. 

 

ʊʘʙʣʠʮʷ 3 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʨʝʞʠʤʠ ʩʫʰʽʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʤʝʪʦʜʦʤ ʨʦʟʧʠʣʝʥʥʷ 

ʇʦʢʘʟʥʠʢʠ ʊʦʤʘʪʥʘ ʧʘʩʪʘ 

1. ɺʦʣʦʛʽʩʪʴ, % : 

ʧʦʯʘʪʢʦʚʘ 

ʢʽʥʮʝʚʘ 

 

70 

7-9 

2. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ, 0ʉ : 

ʅʘ ʚʭʦʜʽ 

ʥʘ ʚʠʭʦʜʽ 

 

ʚʽʜ 170 0ʉ ʜʦ 185 0ʉ 

ʚʽʜ 90 0ʉ  ʜʦ 92 0ʉ 

ʰʚʠʜʢʽʩʪʴ ʧʦʜʘʯʽ ʧʨʦʜʫʢʪʫ , ʣ/ʛʦʜ 4,0-5,0 

ɺʠʭʽʜ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ, % 15 

           

ɿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʦʪʨʠʤʘʥʽ ʜʘʥʽ  ʚʦʣʦʛʦʚʤʽʩʪʫ (ʢʛ/ ʢʛ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʪʨʠʚʘʣʦʩʪʽ ʩʫʰʽʥʥʷ ʜʣʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ ʟ ʧʽʜʽʛʨʽʚʘʥʥʷʤ (ʜʦ 80 0ʉ ʧʝʨʝʜ ʩʫʰʽʥʥʷʤ)  ʽ ʙʝʟ ʧʽʜʽʛʨʽʚʘʥʥʷ  

(ʨʠʩʫʥʦʢ 1). ʐʚʠʜʢʽʩʪʴ ʩʫʰʽʥʥʷ (ʜʦ 6,5 ʭʚ) ʦʙˇʨʫʥʪʦʚʫʻ ʜʦʮʽʣʴʥʽʩʪʴ  ʧʨʦʮʝʩʫ ʧʽʜʽʛʨʽʚʘʥʥʷ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ 

ʧʝʨʝʜ ʧʨʦʮʝʩʦʤ ʩʫʰʽʥʥʷ.  

 

 

ʈʠʩ. 1. ɿʤʽʥʘ ʚʤʽʩʪʫ ʚʦʣʦʛʠ ʪʦʤʘʪʥʦʛʦ ʧʦʨʦʰʢʫ ʫ ʧʨʦʮʝʩʽ ʩʫʰʽʥʥʷ: 

1 ï ʟ ʧʽʜʽʛʨʽʚʘʥʥʷʤ , 2 ï ʙʝʟ ʧʽʜʽʛʨʽʚʘʥʥʷ 
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ɿʛʽʜʥʦ ʨʦʟʨʦʙʣʝʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʥʝʙʝʟʧʝʢ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ, ʷʢʽ ʻ 

ʟʥʘʯʫʱʠʤʠ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʽ ʤʦʞʫʪʴ ʟ ʚʝʣʠʢʦʶ ʯʘʩʪʢʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʧʨʠʥʝʩʪʠ ʾʤ ʰʢʦʜʫ ʘʙʦ ʚʠʢʣʠʢʘʪʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷ, ʷʢʱʦ ʮʽ ʥʝʙʝʟʧʝʢʠ ʥʝ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʽ ʥʝ ʚʠʧʨʘʚʣʷʶʪʴʩʷ. ʂʨʠʪʠʯʥʽ ʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠ 

ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʚ ʪʠʭ ʤʽʩʮʷʭ ʧʨʦʮʝʩʽʚ, ʜʝ ʧʦʷʚʫ ʥʝʙʝʟʧʝʢʠ ʤʦʞʝ ʙʫʪʠ ʧʨʠʧʠʥʝʥʦ, ʘʙʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʷʢʫ 

ʤʦʞʥʘ ʫʩʫʥʫʪʠ, ʘʙʦ ʚʦʥʘ ʤʦʞʝ ʙʫʪʠ ʟʥʠʞʝʥʘ ʜʦ ʧʨʠʡʥʷʪʥʦʛʦ ʨʽʚʥʷ. ʉʠʩʪʝʤʠ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ ʅɸʉʉʈ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʨʠʥʮʠʧʽʚ ʜʦʟʚʦʣʷʻ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʥʝʙʝʟʧʝʢʠ ʪʘ 

ʢʝʨʫʚʘʪʠ ʥʠʤʠ, ʜʦ ʪʦʛʦ ʷʢ ʚʦʥʠ ʩʪʚʦʨʷʪʴ ʟʘʛʨʦʟʫ ʩʧʦʞʠʚʘʯʘʤ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʉʠʩʪʝʤʘ ʅɸʉʉʈ ʫ ʚʩʽʭ 

ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʶ ʩʠʩʪʝʤʦʶ, ʟʜʘʪʥʦʶ ʜʦʚʝʩʪʠ ʙʝʟʧʝʢʫ ʚʠʨʦʙʣʝʥʦʾ 

ʧʨʦʜʫʢʮʽʾ [16,17]. 

 
ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʦʰʢʫ ʟ ʪʦʤʘʪʥʦʾ ʧʘʩʪʠ (ʝʪʘʧʠ ʽ ʢʦʥʪʨʦʣʴʥʽ ʢʨʠʪʠʯʥʽ ʪʦʯʢʠ) 


























































































































































































































































































































































































































































































