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ʋʇʈɸɺʃɯʅʅʗ ɾʀʊʊɭɺʀʄ ʎʀʂʃʆʄ ʇʈʆɼʋʂʎɯɰ ɸɺɯɸʎɯʁʅʆɻʆ ʇɯɼʇʈʀɭʄʉʊɺɸ 
 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʽʥʪʝʛʨʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ PLM-ʨʽʰʝʥʥʷʤ ʚʢʣʶʯʘʶʪʴ 

ʧʦʚʥʠʡ ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ, ʟʘʭʠʱʝʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʢʝʨʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ ʟ ʧʽʜʪʨʠʤʢʦʶ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʥʝʩʫʧʝʨʝʯʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʪʘ ʧʽʜʪʨʠʤʢʦʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷʤ ʫʩʽʤʘ ʙʽʟʥʝʩ-
ʧʨʦʮʝʩʘʤʠ, ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʥʠʤʠ ʜʘʥʠʤʠ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʩʴʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʫ. ɼʦ ʩʢʣʘʜʫ PLM-ʨʽʰʝʥʴ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʢʣʶʯʝʥʽ ʢʦʰʪʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, ʢʦʰʪʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʤʦʛʘʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʟʘʩʦʙʽʚ Workflow, ʷʢʽ ʨʝʘʣʴʥʦ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʚ ʨʘʤʢʘʭ ʫʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʫʧʨʘʚʣʽʥʥʷ, ʘʚʽʘʮʽʡʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ, ʽʥʪʝʛʨʘʮʽʷ, ʈDʄ-ʩʠʩʪʝʤʠ, ʉɸʇʈ, ʪʝʭʥʦʣʦʛʽʯʥʘ 

ʧʽʜʛʦʪʦʚʢʘ, ʘʚʽʘʮʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, PLM-ʨʽʰʝʥʥʷ, ʽʥʬʦʨʤʘʮʽʷ, ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ, ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; ʛʥʫʯʢʽʩʪʴ; ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ. 
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FEDORENKO V.S. 

PRODUCT LIFE CYCLE MANAGEMENT OF AN AVIATION ENTERPRISE  

The main provisions of the concept of integrated technological preparation of the aviation enterprise by the PLM solution include a full 

detailed description, secure storage and managed use of all product information throughout the entire product life cycle with support for the 

integrity and consistency of product information and support and management of all business processes related to with them data dissemination 
throughout the enterprise. PLM solutions for a machine-building enterprise include project management tools, calendar planning tools, and 

requirements management using workflow tools, which really allow you to automate business processes within the entire enterprise. 

Keywords: life cycle, management, aviation enterprise, integration, RDM systems, CAD, technological preparation, aviation enterprises, 
PLM solutions, information, business processes, functionality; flexibility; scalability. 

 

Abbreviations 

CAD -  Computer Aided Design ï ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ; 

ʉɸɭ - Computer Aided Engineering - ʽʥʞʝʥʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ; 

ʉɸʄ - Computer Aided Manufacturing - ʨʦʟʨʦʙʢʘ ʢʝʨʫʶʯʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ; 

ʉɸʈʈ ï Computer Aided Production Planning ï ʨʦʟʨʦʙʢʘ ʪʝʭʧʨʦʮʝʩʽʚ; 

ERP ï Enterprise Resource Planning ï ʧʣʘʥʫʚʘʥʥʷ ʨʝʩʫʨʩʽʚ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ; 

MES ï Manufacturing Execution Systems ï ʩʠʩʪʝʤʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ 

ʘʚʽʘʮʽʡʥʦʛʦ ʧʨʝʣʦʷʪʽʷ; 

ʄʈʄ - Manufacturing Process Management - ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʫ; 

PLM ï Product Lifecycle Management ï ʫʧʨʘʚʣʽʥʥʷ ʞʠʪʪʻʚʠʤ ʮʠʢʣʦʤ ʧʨʦʜʫʢʮʽʾ ʘʚʽʘʮʽʡʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ; 

PDM - Product Data Management - ʫʧʨʘʚʣʽʥʥʷ ʜʘʥʠʤʠ ʧʨʦ ʧʨʦʜʫʢʮʽʶ; 

ʈʄ - Project Management - ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ; 

Workflow - ʫʧʨʘʚʣʽʥʥʷ ʜʦʢʫʤʝʥʪʦʦʙʽʛʦʤ ʪʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ɺʩʪʫʧ. ʄʝʪʦʶ ʽʥʞʠʥʽʨʠʥʛʫ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ PLM-ʨʽʰʝʥʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʝʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʾʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʪʘʢʠʤ ʯʠʥʦʤ 

ʜʦʩʷʛʪʠ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʩʢʦʨʦʪʠʪʠ ʪʝʨʤʽʥʠ ʚʠʧʫʩʢʫ ʥʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʽʜʚʠʱʠʪʠ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʟʨʦʙʠʪʠ ʡʦʛʦ ʙʽʣʴʰ ʧʨʦʟʦʨʠʤ ʪʘ ʢʝʨʦʚʘʥʠʤ. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ PLM ʢʦʥʮʝʧʮʽʾ. ʇʦʣʦʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ PLM ʚʢʣʶʯʘʶʪʴ: 1) ʧʦʚʥʠʡ ʜʝʪʘʣʴʥʠʡ 

ʦʧʠʩ, ʟʘʭʠʱʝʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʢʝʨʦʚʘʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʻʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʦʜʫʢʮʽʾ; 2) ʧʽʜʪʨʠʤʢʘ ʮʽʣʽʩʥʦʩʪʽ ʪʘ ʥʝʩʫʧʝʨʝʯʥʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʨʦʜʫʢʮʽʶ ʧʨʦʪʷʛʦʤ 

ʫʩʴʦʛʦ ʾʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ; 3) ʧʽʜʪʨʠʤʢʘ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʤʘ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʤʠ ʪʘ ʧʦʚ'ʷʟʘʥʠʤʠ ʟ ʥʠʤʠ ʜʘʥʠʤʠ 

ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʦ ʚʩʴʦʤʫ ʘʚʽʘʮʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʫ. 

ʇʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ PLM - ʨʽʰʝʥʥʷ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʝʨʰʦʤʫ ʧʣʘʥʽ ʚʠʭʦʜʷʪʴ ʪʘʢʽ 

ʚʠʤʦʛʠ: ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ; ʰʚʠʜʢʦʜʽʷ; ʛʥʫʯʢʽʩʪʴ; ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ; ʙʝʟʧʝʢʘ. ʇʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʠʤ ʨʦʙʦʯʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʣʫʞʙ ʻ ʟʘʩʦʙʠ ʧʦʰʫʢʫ ʽʥʬʦʨʤʘʮʽʾ, 

ʟʘʩʦʙʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʚʽʪʥʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ɼʦ ʩʪʨʫʢʪʫʨʠ PLM-ʨʽʰʝʥʴ ʥʘ ʘʚʽʘʮʽʡʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʚʢʣʶʯʘʶʪʴʩʷ ʢʦʰʪʠ ʟ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ, 

ʢʦʰʪʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʚʠʤʦʛʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘʩʦʙʠ Workflow, ʷʢʽ 

ʨʝʘʣʴʥʦ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʠ ʚ ʨʘʤʢʘʭ ʫʩʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʨʠʩ. 1). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʨʦʟʨʦʙʣʝʥʦ ERP-ʩʠʩʪʝʤʠ [1, 4, 5, 6, 7]. ɼʣʷ ʮʴʦʛʦ 

ʨʝʘʣʽʟʦʚʘʥʦ ʽʥʪʝʛʨʘʮʽʶ ʈDʄ-ʩʠʩʪʝʤ ʟ ʉɸʇʈ; ʽʥʪʝʛʨʘʮʽʷ ʤʽʞ ERP ʪʘ PDM ʩʠʩʪʝʤʘʤʠ (ʨʠʩ. 2). 

ERP-ʩʠʩʪʝʤʘ ʨʝʘʣʽʟʦʚʘʥʘ ʷʢ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʟ ʫʨʘʭʫʚʘʥʥʷʤ MES-

ʩʠʩʪʝʤʠ çZenithè. ɺʦʥʘ ʢʦʦʨʜʠʥʫʻ ʨʦʙʦʪʫ CAD, CAPP, CAM ʪʘ CAE ʩʠʩʪʝʤ. 

ɼʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʪʘʢʪʠʯʥʦʛʦ ʪʘ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ʊʘʢʪʠʯʥʝ ʧʣʘʥʫʚʘʥʥʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʦʥʫʻʪʴʩʷ MPM-ʩʠʩʪʝʤʦʶ GPS, ʘ ʩʪʨʘʪʝʛʽʯʥʝ - MPM-ʩʠʩʪʝʤʦʶ OMEGA, ʨʠʩ. 1. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʝʢʪʘʤʠ (ʈʄ) ʟʘʙʝʟʧʝʯʫʻ 

ʚʟʘʻʤʦʜʽʶ MPM-ʩʠʩʪʝʤʠ GPS ʟ CAD-ʩʠʩʪʝʤʘʤʠ (AutoCAD, T-Flex, SolidWorks, ʂʆʄʇɸʉ) ʽ CAPP-
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ʩʠʩʪʝʤʘʤʠ (T-Flex ʊʝʭʥʦʣʦʛʽʷ, Techcard, TechnologiCS, ʊʝʭʥʦʇʨʦ). 
É ʄ.ɯ. ɻʘʩʘʥʦʚ, ʈ.ʇ. ʄʠʛʫʱʝʥʢʦ, ʆ.ʄ .ʐʦʣʢʦʚʠʡ, ɺ.ɸ. ʌʘʜʝʝʚ, ʆ.ʖ. ɿʘʢʦʚʦʨʦʪʥʠʡ, ʆ.ʆ. ʂʣʦʯʢʦ, ɺ.ʉ. ʌʝʜʦʨʝʥʢʦ, 2023 

MPM "GPS" ʟʘʙʝʟʧʝʯʫʻ: ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ; ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʤʦʚ ʪʘ ʟʘʪʨʠʤʦʢ ʫ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ; ʥʦʨʤʫʚʘʥʥʷ 

ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʅʘ ʚʠʨʦʙʥʠʯʦʤʫ ʨʽʚʥʽ ERP-ʩʠʩʪʝʤʘ ʚʠʨʽʰʫʻ ʪʘʢʽ ʟʘʚʜʘʥʥʷ (ʨʠʩ. 3): 

Å ʬʦʨʤʫʚʘʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʥʫʪʨʽʰʥʴʦʮʝʭʦʚʦʛʦ ʧʣʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ ʟʘʜʽʣʽʚ ʪʘ ʚʝʨʩʪʘʪʥʦʛʦ 

ʧʘʨʢʫ; 

Å ʜʠʩʧʝʪʯʝʨʩʴʢʠʡ ʢʦʥʪʨʦʣʴ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ; 

Å ʢʦʥʪʨʦʣʴ ʟʘ ʚʠʢʦʥʘʥʥʷʤ ʧʣʘʥʫ; 

Å ʨʦʟʨʘʭʫʥʦʢ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ ʟʘ ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ 

(ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʧʨʦʣʝʞʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʪʦʱʦ); 

Å ʧʝʨʝʨʘʭʫʥʦʢ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʣʘʥʫ ʫ ʨʘʟʽ ʧʦʟʘʰʪʘʪʥʠʭ ʩʠʪʫʘʮʽʡ, ʥʘʧʨʠʢʣʘʜ ʧʦʣʦʤʢʠ 

ʚʝʨʩʪʘʪʘ; 

Å ʧʣʘʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʥʝʦʙʭʽʜʥʽ ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʧʨʦʛʨʘʤʠ; 

Å ʫʧʨʘʚʣʽʥʥʷ ʨʫʭʦʤ ʪʦʚʘʨʥʠʭ ʧʦʪʦʢʽʚ: ʧʦʩʪʘʯʘʥʥʷʤ, ʟʙʫʪʦʤ, ʦʨʛʘʥʽʟʘʮʽʻʶ ʨʦʙʦʪʠ ʩʢʣʘʜʽʚ ʪʘ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʣʫʞʙ, ʧʣʘʥʫʚʘʥʥʷʤ ʩʭʝʤ ʜʦʩʪʘʚʢʠ ʪʦʚʘʨʫ ʪʘ ʩʠʨʦʚʠʥʠ; 

Å ʨʦʟʨʘʭʫʥʦʢ ʪʘ ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʢʫʧʽʚʣʽ ʪʘ ʧʨʦʜʘʞʫ, ʩʪʚʦʨʝʥʥʷ ʩʫʧʨʦʚʽʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʜʣʷ 

ʢʦʞʥʦʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ; 

Å ʨʦʟʨʘʭʫʥʦʢ ʬʘʢʪʠʯʥʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʦʩʥʦʚʥʠʭ ʟʘʩʦʙʽʚ; 

Å ʟʘʩʦʙʠ ʘʥʘʣʽʟʫ ʙʽʟʥʝʩʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʧʨʠʙʫʪʢʦʚʽ ʪʘ ʟʙʠʪʢʦʚʽ ʥʘʧʨʷʤʠ, ʜʠʥʘʤʽʢʫ ʩʪʘʥʫ 

ʩʧʨʘʚ ʫ ʙʽʟʥʝʩ-ʧʨʦʮʝʩʘʭ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʽʟʥʠʭ ʧʽʜʨʦʟʜʽʣʽʚ; 

Å ʫʧʨʘʚʣʽʥʥʷ ʧʝʨʩʦʥʘʣʦʤ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʚʽʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʠʤʯʘʩʦʚʠʤʠ, ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʪʘ ʚʘʨʪʽʩʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɰʭ ʚʧʣʠʚ ʥʘ ʭʽʜ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ, ʷʢ 

ʧʨʘʚʠʣʦ, ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʛʥʫʯʢʦʩʪʽ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ ʟʘ ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ʎʠʤ 

ʚʠʤʦʛʘʤ ʧʦʚʥʦʶ ʤʽʨʦʶ ʚʽʜʧʦʚʽʜʘʶʪʴ ʛʥʫʯʢʽ ʚʠʨʦʙʥʠʯʽ ʩʠʩʪʝʤʠ (ɻʇʉ), ʧʦʙʫʜʦʚʘʥʽ ʥʘ ʧʨʠʥʮʠʧʘʭ 

ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʤʦʜʫʣʽʚ (ɻʇʄ). 

ʄʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʘʚʽʘʮʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʷʭ, ʱʦ 

ʤʘʶʪʴ ʨʦʟʚʠʥʝʥʠʡ ʘʧʘʨʘʪ ʦʧʪʠʤʽʟʘʮʽʾ. ʋ ʪʦʡ ʩʘʤʠʡ ʯʘʩ, ʤʝʪʦʜʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ɼʇʉ ʧʝʨʝʚʘʞʥʦ ʧʦʙʫʜʦʚʘʥʽ ʥʘ 

ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ, ʱʦ ʩʘʤʝ ʩʦʙʦʶ ʱʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʘ ʚʠʤʘʛʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ. 

ʈʝʟʫʣʴʪʘʪʠ. ɿʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʢʠ ʚʠʨʦʙʽʚ ʚʠʨʽʰʝʥʦ ʷʢ 

ʟʘʚʜʘʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ ʚ ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʴ ʥʘ ʚʠʙʽʨ ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ [2, 3, 5]: 
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ʜʝ P ï ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʧʦʟʠʮʽʡ (ʩʪʘʥʽʚ ɻʇʉ); T-ʢʽʥʮʝʚʘ ʙʝʟʣʽʯ ʧʝʨʝʭʦʜʽʚ (ʤʝʪʦʜʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʽʚ 

ʦʙʨʦʙʢʠ ʚ ɻʇʉ); I-ʬʫʥʢʮʽʷ ʩʣʽʜʫʚʘʥʥʷ (ʨʝʟʫʣʴʪʘʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʊ ʜʦ ʦʙ'ʻʢʪʽʚ ɻʇʉ ʚ ʩʪʘʥʽ ʈ);  

ʆ ï ʬʫʥʢʮʽʷ ʧʝʨʝʜʫʚʘʥʥʷ (ʧʝʨʝʣʽʢ ʫʤʦʚ ï ʥʘʷʚʥʽʩʪʴ ʩʪʘʥʽʚ ʈ ʥʝʦʙʭʽʜʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʫʥʢʮʽʾ ʊ); ʄ0 - 

ʧʦʯʘʪʢʦʚʝ ʤʘʨʢʫʚʘʥʥʷ, ʱʦ ʟʘʜʘʻ ʧʦʯʘʪʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʤʽʪʦʢ ʟʘ ʧʦʟʠʮʽʷʤʠ ʤʝʨʝʞʽ (ʩʪʘʥ ɼʇʉ ʜʦ ʧʦʯʘʪʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ); Z0 - ʙʝʟʣʽʯ ʥʝʚʽʜ'ʻʤʥʠʭ ʯʠʩʝʣ (ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʪʘ ʩʪʨʫʢʪʫʨ ɻʇʉ ʜʦ ʧʦʯʘʪʢʫ 

ʤʦʜʝʣʶʚʘʥʥʷ); t - ʬʫʥʢʮʽʷ ʯʘʩʽʚ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ, ʷʢʘ ʟʽʩʪʘʚʣʷʻ ʢʦʞʥʦʤʫ ʧʝʨʝʭʦʜʫ ʧʦʩʪʽʡʥʠʡ ʯʘʩ 

ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ; R0 - - ʙʝʟʣʽʯ ʨʘʮʽʦʥʘʣʴʥʠʭ ʥʝʚʽʜ'ʻʤʥʠʭ ʯʠʩʝʣ (ʙʝʟʣʽʯ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ  ̔

ʩʪʨʫʢʪʫʨ ɻʇʉ ʦʜʝʨʞʫʚʘʥʠʭ ʚ ʭʦʜʽ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ); PR ï ʚʽʜʥʦʰʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʦʩʪʽ (ʧʦʨʷʜʢʫ), 

ʱʦ ʟʘʜʘʻʪʴʩʷ ʥʘ ʤʥʦʞʠʥʽ ʧʝʨʝʭʦʜʽʚ ʊ  ̔ ʚʠʟʥʘʯʘʻ ʧʦʨʷʜʦʢ ʩʧʦʞʠʚʘʥʥʷ ʤʽʪʦʢ ʟʙʫʜʞʝʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ ʚ 

ʫʤʦʚʘʭ ʢʦʥʬʣʽʢʪʫ ʤʽʪʦʢ (ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ̔ ʩʪʨʫʢʪʫʨ ɻʇʉ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʽʯʥʠʭ  ̔ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ɦ ʦ ʩʬʦʨʤʫʚʘʣʠʩʷ, ʥʘ ʤʦʤʝʥʪ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ). 

ɿʘʚʜʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʧʣʘʥʫʚʘʥʥʽ ʜʽʣʷʥʢʠ ʽʟ ʟʘʜʘʥʦʶ 

ʪʨʘʥʩʧʦʨʪʥʦʶ ʩʠʩʪʝʤʦʶ ʪʘ ʤʽʩʮʷʤʠ ʟʘʚʘʥʪʘʞʝʥʥʷ (ʨʦʟʚʘʥʪʘʞʝʥʥʷ) ʦʙʣʘʜʥʘʥʥʷ ʚʠʨʽʰʝʥʝ ʷʢ ʟʘʚʜʘʥʥʷ 

ʤʘʢʩʠʤʽʟʘʮʽʾ ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʤʽʥʽʤʽʟʘʮʽʾ ʩʫʤʘʨʥʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʽʞ ʤʦʜʫʣʷʤʠ. 
( )LQ,,Y,XL
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ʈʠʩ. 1 ï ï ʉʭʝʤʘ ʬʦʨʤʫʚʘʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ PLM ï ʩʠʩʪʝʤ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                   ʈʠʩ. 2 ï ʌʫʥʢʮʦ̔ʥʘʣʴʥʘ ʩʭʝʤʘ ERP-ʩʠʩʪʝʤʠ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 
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ʈʠʩ. 3 ï ʌʨʘʛʤʝʥʪ ʩʪʨʫʢʪʫʨʠ PLM ï ʩʠʩʪʝʤʠ ʘʚʽʘʮʽʡʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

 

ʜʝ M - ʢʽʣʴʢʽʩʪʴ ʦʙ'ʻʢʪʽʚ (ʤʦʜʫʣʽʚ), ʱʦ ʨʦʟʤʽʱʫʶʪʴʩʷ; =( 1,  , M) - ʚʝʢʪʦʨ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ ʟʚʝʨʥʝʥʥʷ 

ʤʦʜʫʣʽʚ ʜʦ ʪʨʘʥʩʧʦʨʪʫ; X=(x1,  , XM); Y=(y1,  , yM) - ʚʝʢʪʦʨʠ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ ʧʨʠʚ'ʷʟʫʚʘʥʥʷ ʤʦʜʫʣʽʚ; 

=( 1,  , M) - ʚʝʢʪʦʨ ʦʨʽʻʥʪʘʮʽʾ ʤʦʜʫʣʽʚ ʱʦʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʣʽʥʽʡ; S=(s1,  , sM) - ʚʝʢʪʦʨ ʚʽʜʩʪʘʥʝʡ ʤʽʞ 

ʤʦʜʫʣʷʤʠ  ̔ʩʢʣʘʜʦʤ. 

ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ɻʇʉ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘʧʫʩʢʫ ʚʠʨʦʙʽʚ ʥʘ ʦʙʨʦʙʢʫ 

ʨʝʘʣʽʟʦʚʘʥʦ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʜʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʾʾ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʛʽʩʪʦʛʨʘʤʠ ʩʝʨʝʜʥʴʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʫʣʽʚ. 

ɺ ʡʦʛʦ ʦʩʥʦʚʫ ʧʦʢʣʘʜʝʥʦ ʘʣʛʦʨʠʪʤ ʜʦʚʽʣʴʥʦʾ ʚʠʙʽʨʢʠ ʧʘʨʪʽʡ ʦʙʨʦʙʢʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʫ ʩʚʦʾʡ ʧʨʦʪʦʢʦʣ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʻ ʚʠʭʽʜʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. 

ɼʦ ʟʘʚʜʘʥʴ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʥʘʣʝʞʠʪʴ ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʟʘ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ (ʨʠʩ. 4). ɺʦʥʘ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʨʦʟʙʠʪʘ ʥʘ ʟʘʚʜʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʚʜʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʧʘʨʢʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʥʘʜʤʽʨʥʽʩʪʶ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʗʢ ʢʨʠʪʝʨʽʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʽ: 

- ɽʬʝʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (N(t)), (3); 

 

()3),t(N)t(N)t(N ʧʦʜʛʜ +=
 
 

ʜʝ Nʛʜ(t) - ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ, Nʧʦʜ(t) ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʫ ʧʦʜʘʯ; 

ɸj - ʨʦʙʦʪʘ ʚʠʢʦʥʘʚʯʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʝʨʩʪʘʪʘ, (4); 

 

() ()4,ttNA jj ä Ö=
 
 

ʜʝ: j - ʥʦʤʝʨ ʚʫʟʣʘ, ʱʦ ʚʭʦʜʠʪʴ ʫ ʚʠʨʦʙʥʠʯʠʡ ʤʦʜʫʣʴ ʪʘ ʚʠʢʦʥʫʻ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ; Nj(t) - ʧʦʪʫʞʥʽʩʪʴ 

ʧʨʠʚʦʜʫ j-ʛʦ ʚʫʟʣʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʨʫʭʫ; t ï ʯʘʩ ʨʦʙʦʪʠ j-ʛʦ ʚʫʟʣʘ; 

ʂʂɼʩʪ - ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ (ʦʢʨʝʤʠʭ ʚʝʨʩʪʘʪʽʚ, ʤʦʜʫʣʽʚ (ʂʂɼʤʦʜ), ʜʽʣʷʥʢʠ (ʂʇɼʫʯ), 

ʮʝʭʫ (ʂʂɼʮ), ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ (ʂʇɼʊʉ)) (5) 
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ʜʝ ɸʨʝʟ - ʢʦʨʠʩʥʘ ʨʦʙʦʪʘ ʩʠʣ ʨʽʟʘʥʥʷ, ʚʠʪʨʘʯʝʥʘ ʧʨʠʚʦʜʘʤʠ ʛʦʣʦʚʥʦʛʦ ʨʫʭʫ ʪʘ ʧʦʜʘʯ ʚʝʨʩʪʘʪʘ; ɸʩʪ - ʟʘʛʘʣʴʥʘ 

ʨʦʙʦʪʘ, ʚʠʪʨʘʯʝʥʘ ʚʝʨʩʪʘʪʦʤ; ɸʤʦʜ - ʨʦʙʦʪʘ, ʚʠʪʨʘʯʝʥʘ ʚʩʽʤʘ ʤʝʭʘʥʽʟʤʘʤʠ ʦʙʨʦʙʣʶʚʘʣʴʥʦʛʦ ʤʦʜʫʣʷ, ʱʦ 

ʤʘʶʪʴ ʝʣʝʢʪʨʠʯʥʽ ʧʨʠʚʦʜʠ (ʚʝʨʩʪʘʪʘʤʠ, ʤʘʥʽʧʫʣʷʪʦʨʘʤʠ, ʧʨʠʩʪʨʦʷʤʠ ʪʘ ʽʥ.); ɸʤʦʜ - ʨʦʙʦʪʘ, ʚʠʪʨʘʯʝʥʘ ʚʩʽʤʘ 

ʧʽʜʨʦʟʜʽʣʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʜʽʣʷʥʢʫ ʪʘ ʤʘʶʪʴ ʷʢ ʝʥʝʨʛʝʪʠʯʥʽ ʫʩʪʘʥʦʚʢʠ ʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ (ʤʦʜʫʣʽ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʠʩʪʨʦʾ, ʥʘʢʦʧʠʯʫʚʘʯʽ); ɸʮ - ʨʦʙʦʪʘ, ʚʠʪʨʘʯʝʥʘ ʚʩʽʤʘ ʧʽʜʨʦʟʜʽʣʘʤʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʮʝʭʫ; ɸʊʉ - 

ʨʦʙʦʪʘ, ʚʠʪʨʘʯʝʥʘ ʪʨʘʥʩʧʦʨʪʥʠʤ ʤʦʜʫʣʝʤ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙ'ʻʢʪʘ ʦʙʨʦʙʢʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 4 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʤʽʥʠ ʦʙʣʘʜʥʘʥʥʷ ɼʇʉ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʾʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

 

ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʘʥʘʣʽʟʫ ʦʙʩʷʛʫ ʨʦʙʽʪ, ʚʠʢʦʥʘʥʠʭ ʨʽʟʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ɼʇʉ (ʨʠʩ. 4). ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʜʦʟʚʦʣʷʻ 
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ʚʠʟʥʘʯʠʪʠ ʩʪʨʘʪʝʛʽʶ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʫ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʩʠʩʪʝʤʽ (ʫ ʥʘʚʝʜʝʥʦʤʫ ʧʨʠʢʣʘʜʽ ʥʘʡʙʽʣʴʰ 

ʝʥʝʨʛʦʻʤʥʠʤ ʻ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʤʽʞ ʤʦʜʫʣʷʤʠ) [2, 3, 8, 9, 10]. 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʡ ʤʦʜʫʣʴ, ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʦʙʨʘʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʽ ʪʘʢʽ ʚʘʨʽʘʥʪʠ ʩʪʨʘʪʝʛʽʾ ʚʠʙʦʨʫ: 

- ɺʠʙʽʨ ʤʦʜʫʣʷ ʟʘ ʟʥʘʯʝʥʥʷʤ ʚʠʢʦʥʘʥʦʾ ʨʦʙʦʪʠ (max (Aj)); 

- ʚʠʙʽʨ ʤʦʜʫʣʷ ʟʘ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ (max(N(t))); 

- ɺʠʙʽʨ ʤʦʜʫʣʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ (min(ʂʇɼʤʦʜ)). 

ʋ ʘʥʘʣʽʟʦʚʘʥʦʤʫ ʧʨʠʢʣʘʜʽ (ʨʠʩ. 4) ʥʘʡʤʝʥʰʫ ʝʥʝʨʛʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʘʻ ʦʙʨʦʙʥʘ ʩʠʩʪʝʤʘ 

(ʂʇɼʆʉ=18%). ɼʦ ʾʾ ʩʢʣʘʜʫ ʚʭʦʜʠʪʴ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʡ ʤʦʜʫʣʴ (ʄʦʜʫʣʴ 2 - ɯʈ800ʇʄ2ʌ4, ɸ2 = 2200 

ʢɼʞ). ʁʦʛʦ ʟʘʤʽʥʘ ʥʘ ʤʝʥʰ ʝʥʝʨʛʦʻʤʥʝ ʦʙʣʘʜʥʘʥʥʷ (ʥʘʧʨʠʢʣʘʜ, ʄʦʜʫʣʴ 1 ï 1ɺ340ʌ30) ʤʦʞʝ ʩʫʪʪʻʚʦ 

ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʫ ʩʠʩʪʝʤʽ ʦʙʨʦʙʢʠ. ɼʣʷ ʫʭʚʘʣʝʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʽʰʝʥʥʷ ʧʨʦ ʡʦʛʦ ʟʘʤʽʥʫ 

ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʘʥʘʣʽʟ ʦʩʥʦʚʥʦʛʦ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʚʟʘʻʤʦʟʘʤʽʥʥʠʭ ʤʦʜʫʣʽʚ 

 

ɺʠʩʥʦʚʢʠ 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʪʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʩʠʩʪʝʤʫ ʦʙ'ʻʢʪʠʚʥʠʭ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʙ'ʻʢʪ ʦʙʨʦʙʢʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʪʘ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʩʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ 

ʘʚʽʘʮʽʡʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʦʚʠʭ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ. 

2. ʈʦʟʨʦʙʣʝʥʦ ʧʨʠʢʣʘʜʥʽ ʦʩʥʦʚʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʩʠʥʪʝʟʫ ʪʘ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʢʦʤʧʣʝʢʩʥʠʭ ʪʘ 
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ʄɽʊʆɼʆʃʆɻɯʗ ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆɽʂʊʋɺɸʅʅʗ ʇʈʆʎɽʉʋ ɺɯɼʅʆɺʃɽʅʅʗ 

ɼɽʊɸʃɽʁ 
ɸʚʪʦʨʠ ʨʦʙʦʪʠ, ʤʘʶʯʠ ʢʦʞʝʥ ʩʚʽʡ ʜʦʩʚʽʜ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʥʘʢʦʧʠʯʝʥʽ ʟʥʘʥʥʷ ʚ ʛʘʣʫʟʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʧʦʩʪʘʚʠʣʠ ʩʦʙʽ ʟʘ ʤʝʪʫ ʾʭʥʻ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʟ ʧʦʟʠʮʽʡ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʚʠʨʦʙʣʝʥʥʷ ʤʝʪʦʜʦʣʦʛʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʝʪʘʧʽʚ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʱʦ ʨʦʟʚ'ʷʟʫʶʪʴ ʟʘʜʘʯʫ 

ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʾʭ ʩʣʫʞʙʠ ʰʣʷʭʦʤ ʨʝʤʦʥʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ, ʨʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʪʘ ʩʪʨʫʢʪʫʨʫ 
ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʫʪʦʯʥʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʝʪʘʣʝʡ ʰʣʷʭʦʤ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ. ʇʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʥʦʰʝʥʠʭ 

ʜʝʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʜʘʪʠ ʙʘʛʘʪʦʨʽʚʥʝʚʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʞʠʪʪʻʚʠʡ ʮʠʢʣ, ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ, ʷʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ, 

ʧʨʦʝʢʪʫʚʘʥʥʷ. 

 
CHERNOVOL M., PERMYAKOV O., NEMYROVSKYI Y.,  SHEPELENKO I. , GORBULIK  V. 

METHODOLOGY FOR TECHNOLOGICAL DESIGN OF THE PARTS RECOVERY PROCESS  

The authors of the paper, each with their own experience of scientific activity and accumulated knowledge in the field of parts recovery 
and mechanical engineering technology, set out to generalise them and develop a methodology for technological design of the process of 

recovery of worn parts from the standpoint of a systematic approach. For the stages of the life cycle of mechanical engineering products that 

solve the problem of extending their service life by repairing and restoring worn parts, a general scheme and structure of information support for 
technological design using methods of improving the quality of the surface layer have been developed. A scheme for specifying the life cycle of 

parts by repairing and restoring them is proposed. The process of formation of quality indicators of worn parts is presented in the form of a 

system that allows to give a multilevel assessment of the quality of restoration of a part. 
Keywords: parts recovery, technological process, life cycle, systematic approach, quality of recovery, design. 

 

ɺʩʪʫʧ. ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʨʝʥʦʚʘʮʽʡʥʠʭ ʛʘʣʫʟʷʭ ʥʘʡʨʦʟʚʠʥʝʥʽʰʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʟʘʜʽʷʥʦ ʙʣʠʟʴʢʦ 30% 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʦʙʦʯʦʾ ʩʠʣʠ. ʊʘʢʠʡ ʦʙʩʷʛ ʟʘʣʫʯʝʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʦʚ'ʷʟʘʥʠʡ 

ʟ ʪʠʤ, ʱʦ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʨʝʟʝʨʚʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʽʢʠ, ʝʢʦʥʦʤʽʾ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʊʝʭʥʽʯʥʘ ʪʘ 

ʝʢʦʥʦʤʽʯʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʟʫʤʦʚʣʝʥʘ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʪʦʨʥʦʛʦ (ʜʫʞʝ ʯʘʩʪʦ 

ʥʝʦʜʥʦʨʘʟʦʚʦʛʦ) ʚʠʢʦʨʠʩʪʘʥʥʷ 65-75% ʜʝʪʘʣʝʡ. ʉʦʙʽʚʘʨʪʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʥʝ ʧʝʨʝʚʠʱʫʻ 

50% ʚʘʨʪʦʩʪʽ ʥʦʚʠʭ, ʘ ʚʠʪʨʘʪʠ ʥʘ ʤʘʪʝʨʽʘʣ ʚ 15-20 ʨʘʟʽʚ ʥʠʞʯʽ, ʥʽʞ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʇʦʨʷʜ ʟ ʝʢʦʥʦʤʽʻʶ ʤʘʪʝʨʽʘʣʴʥʠʭ, ʝʥʝʨʛʝʪʠʯʥʠʭ, ʪʨʫʜʦʚʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʨʝʤʦʥʪʥʝ ʚʠʨʦʙʥʠʮʪʚʦ 

ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʫʪʠʣʽʟʘʮʽʶ, ʘ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ, ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʷʢ ʝʣʝʢʪʨʦʢʦʥʪʘʢʪʥʝ ʧʨʠʚʘʨʶʚʘʥʥʷ ʩʪʨʽʯʢʠ, ʝʣʝʢʪʨʦʽʩʢʨʦʚʽ ʤʝʪʦʜʠ, 

ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ (ʬʽʥʽʰʥʘ ʘʥʪʠʬʨʠʢʮʽʡʥʘ ʙʝʟʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ ʪʦʱʦ) ʪʘ ʽʥ., ʜʘʻ ʟʤʦʛʫ ʚʚʘʞʘʪʠ ʩʬʝʨʫ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦʶ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ. 

ʇʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ï ʩʢʣʘʜʥʝ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʝ ʟʘʚʜʘʥʥʷ, ʧʽʜ ʯʘʩ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʷʢʦʛʦ, ʢʨʽʤ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʯʘʩʪʢʦʚʦ ʟʤʽʥʶʶʪʴʩʷ ʜʝʷʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʽ, ʟʘʢʣʘʜʝʥʽ ʚ ʥʽʡ 

ʢʦʥʩʪʨʫʢʪʦʨʦʤ: ʤʘʪʝʨʽʘʣ ʦʢʨʝʤʠʭ ʜʽʣʷʥʦʢ, ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʦʱʦ. ʋ 

ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʦʩʦʙʣʠʚʦʾ ʚʘʛʠ ʥʘʙʫʚʘʻ ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, 

ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʠʪʘʥʥʷ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ʆʩʢʽʣʴʢʠ ʧʨʦʙʣʝʤʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʤʘʻ ʢʦʤʧʣʝʢʩʥʠʡ ʭʘʨʘʢʪʝʨ, ʜʣʷ ʾʾ ʚʠʨʽʰʝʥʥʷ ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʷʢʠʡ ʧʝʨʝʜʙʘʯʘʻ ʤʝʪʦʜʦʣʦʛʽʯʥʫ ʦʨʽʻʥʪʘʮʽʶ ʚʠʚʯʝʥʥʷ, ʟʘʩʥʦʚʘʥʫ ʥʘ 

ʨʦʟʛʣʷʜʽ ʦʙ'ʻʢʪʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚ ʛʘʣʫʟʽ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʟʨʦʙʠʪʠ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ɿʛʽʜʥʦ ʟ ʽʩʥʫʶʯʠʤ ʫʷʚʣʝʥʥʷʤ ʤʝʪʦʜʦʣʦʛʽʷ ï ʮʝ ʚʯʝʥʥʷ ʧʨʦ 

ʩʪʨʫʢʪʫʨʫ ʪʘ ʣʦʛʽʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ, ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʜʽʷʣʴʥʦʩʪʽ [1]. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ 

ʟʘʚʜʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʛʘʣʴʥʠʭ ʧʨʠʥʮʠʧʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʙʫʜʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʰʘʨʫ. 

ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʽʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʽʜ ʩʧʦʥʫʢʘʶʯʦʾ ʽʜʝʾ ʩʪʚʦʨʝʥʥʷ ʜʦ ʧʦʚʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʜʦʙʨʝ 

ʚʽʜʦʤʠʡ (ʨʠʩ. 1), ʘ ʢʦʞʝʥ ʟ ʝʪʘʧʽʚ ʜʦʩʪʘʪʥʴʦʶ ʤʽʨʦʶ ʜʦʩʣʽʜʞʝʥʦ ʡ ʦʧʠʩʘʥʦ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ 

[2]. 

 

ɯʜʝʷ ʇʨʦʝʢʪʫʚʘʥʥʷɺʠʨʦʙʥʠʮʪʚʦɽʢʩʧʣʫʘʪʘʮʽʷʋʪʠʣʽʟʘʮʽʷ
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ʊʘʢʫ ʟʘʛʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ ʫʪʦʯʥʠʪʠ ʽ ʜʦʧʦʚʥʠʪʠ ʜʦʢʣʘʜʥʠʤ ʦʧʠʩʦʤ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʽ 

ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʥʘ ʥʠʭ ʟʘʚʜʘʥʴ, ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʠʭ ʜʘʻ ʥʦʚʽ ʟʥʘʥʥʷ ʽ ʜʦʩʚʽʜ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ, 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʽ ʚʠʨʦʙʣʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʅʘ ʨʠʩ. 2 ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘʢʠʡ 

ʚʘʨʽʘʥʪ ʫʪʦʯʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʝʪʘʣʝʡ ʜʣʷ ʝʪʘʧʽʚ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ ʧʨʦʜʦʚʞʝʥʥʷ 

ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʚʠʨʦʙʫ ʰʣʷʭʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ. 

 

ɯʜʝʷʂʦʥʩʪʨʫʶʚʘʥʥʷ
ʊʝʭʥʦʣʦʛʽʯʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʘ ʧʽʜʛʦʪʦʚʢʘ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʦʚʦʾ ʜʝʪʘʣʽ

ɺʠʨʦʙʥʠʮʪʚʦɽʢʩʧʣʫʘʪʘʮʽʷʋʪʠʣʽʟʘʮʽʷ

ɺʽʜʥʦʚʣʝʥʥʷ 

ʜʝʪʘʣʽ

ʈʦʟʙʠʨʘʥʥʷ

ʆʯʠʱʝʥʥʷ

ɼʝʬʝʢʪʫʚʘʥʥʷ

ʊʝʭʥʦʣʦʛʽʯʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʽʜʥʦʚʣʝʥʥʷ 

ʟʥʦʰʝʥʦʾ 

ʜʝʪʘʣʽ
 

ʈʠʩ.2 ï ɾʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʫ ʟ ʫʪʦʯʥʝʥʥʷʤ ʝʪʘʧʽʚ ʧʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʟʘ ʨʘʭʫʥʦʢ  

ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ 

 

ɿʘ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʷʢ ʥʘʫʢʠ ʨʦʟʨʦʙʣʝʥʦ, ʚʧʨʦʚʘʜʞʝʥʦ ʡ 

ʦʧʠʩʘʥʦ ʟʘʛʘʣʴʥʽ ʧʨʠʥʮʠʧʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʤʝʪʦʜʦʣʦʛʽʶ ʡ ʤʝʪʦʜʠʢʠ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʩʢʣʘʜʘʥʥʷ ʤʘʰʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʩʴʦʛʦ ʨʽʟʥʦʤʘʥʽʪʪʷ ʪʠʧʽʚ ʚʠʨʦʙʥʠʮʪʚ (ʦʜʠʥʠʯʥʝ, ʩʝʨʽʡʥʝ, 

ʤʘʩʦʚʝ), ʚʠʜʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ (ʧʦʪʦʢʦʚʝ, ʥʝ ʧʦʪʦʢʦʚʝ), ʛʘʣʫʟʝʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʦʱʦ. [4]. 

ʈʦʟʨʦʙʣʝʥʥʶ ʤʘʨʰʨʫʪʥʠʭ, ʦʧʝʨʘʮʽʡʥʠʭ, ʛʨʫʧʦʚʠʭ, ʪʠʧʦʚʠʭ ʪʦʱʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʩʚʷʯʝʥʦ 

ʥʘʫʢʦʚʽ ʧʨʘʮʽ ʚʽʜʦʤʠʭ ʫʯʝʥʠʭ ʪʘ ʽʩʥʫʻ ʙʝʟʣʽʯ ʥʘʫʢʦʚʦʾ ʪʘ ʥʘʚʯʘʣʴʥʦʾ ʣʽʪʝʨʘʪʫʨʠ [5, 6 ʪʘ ʽʥ.]. ʋ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʧʘʜʢʫ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʧʽʜ ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʪʘʢʦʞ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʾʭ ʚʠʢʦʥʘʥʥʷ ʪʘ 

ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ ʚʠʭʽʜʥʦʾ ʡ ʙʘʟʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʽʡ ʩʭʝʤʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ (ʨʠʩ. 3). 

͔́ͻ͎ͤͦͦ͜͡;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ

˭ˢ˥˻́˻ˤ˴ˢ

˸͊ͪ΄ͪͯͭ ͙ͦ͋ͪͦ͋͟

͔͍̉ͪͤͦ͊ ͦ͋ͪͦ͋͊͟

˹͍͊ͨ͜;͙͍ͫͭͦ͊ ͦ͋ͪͦ͋͊͟

͙͍̉ͫͭͦ͊ ͦ͋ͪͦ͋͊͟

˻͒ͦ͋͘͡Ό͍͊͡Έͤ͊ ͦ͋ͪͦ͋͊͟

͔́ͻͤ͜;͙͚ͤ ͦͤͭͪͦ͟͡Έ

˻͔ͨͪ͊ͼ͚͙͚ͤ͜ ͔ͭͻͨͪͦͼ͔ͫ

˿͊͒͟͡ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ 
ͦ͋͊͒ͤ͊ͤͤ͡Ύ

˱͔ͤͫͭͪͯͣͤͭ͊͡Έ͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ

˽͍͊ͤͯ͊ͤͤ͡Ύ ͍͙͙ͪͦ͋ͤ;͎ͦͦ 
ͨ͒ͪͦ͒ͯ͘͜͜͡

˶͎͙ͦͫͭ͜;͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ

˨˩́ˢ˶̎

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔ͭͻͤ͜;͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊

˨˩́ˢ˶̎

˭ˢ˥˻́˻ˤ˴ˢ

˸͊ͪ΄ͪͯͭ ͙ͦ͋ͪͦ͋͟ 
͍͔ͨͦͪͻͤ͜

ˤ͙͋ͪ͜ ͫͨͦͫͦ͋ͯ 
͙ͦͭͪͣ͊ͤͤΎ ͎͍͊ͦͭ͘͜͜͡

ˤ͙͋ͪ͜ ͫͻ͔ͣ ͍͋͊ͯ͊ͤͤ͘Ύ

˾ͦͪ͊͘ͻͯͤͦ͟ ͙͍ͨͪͨͯͫ͟͜

˾ͦͪ͊͘ͻͯͤͦ͟ ͔͙͍ͪ͗ͣ͜ ͪ͊ͤͤ͘͜Ύ ͜ 
͔ͭͻͤ͜;͎ͤͦͦ ͍ͤͦͪͣͯ͊ͤͤΎ

˻͔ͨͪ͊ͼ͚͙͚ͤ͜ ͔ͭͻͨͪͦͼ͔ͫ

˻ͺ͔ͦͪͣͤͤ͡Ύ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ 
͔͒ͦͯͣͤͭ͊͟ͼ͜͝

͔́ͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡Ύ

˾͊͘͜͡Έ͎ͤͦͦ ͔ͤͫͭͪͯͣͤͭͯ͜

˭͍͊ͫͦ͋͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎ

͔́ͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͦͫͤ͊΅͔ͤͤΎ

́ͪ͊ͤͫͨͦͪͭͤͦ͝ ͙͔͙ͫͫͭͣ

˽ͪͦͼ͔ͫ ͍͙͙ͪͦ͋ͤͼ͍ͭ͊ ˤ͙ͻ͒ͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜Ύ

˸͔͙ͭͦ͒ ͙ͦ͋ͪͦ͋͟

˸͔ͻ͊ͤ͜;ͤ͊

˩͔͔ͭͪͦͣ͟͡ͻ͊ͤ͜;ͤ͊

˩͔ͭͪͦ͟͡ͺ͙͘͜;ͤ͊

˿͙ͨͦͫͦ͋ ͙ͦͭͪͣ͊ͤͤΎ 
͎͍͊ͦͭͦ͘͜͟

˾ͦ͋ͦ;͔ ͔͔ͪͫͤͤ͟͡Ύ ͔͒ͭ͊͜͡

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͺͦͪͣ͊ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊

˽͎ͪͦͪ͊ͣ͊ ͍͙ͨͯͫͯ͟

͔́ͦͪ͜Ύ ͭͦ;ͤͦͫͭ͜

͔́ͦͪ͜Ύ ͍͋͊ͯ͊ͤͤ͘Ύ

͔́ͦͪ͜Ύ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜

͔́ͦͪ͜Ύ ͪ͊ͤͤ͘Ύ

˽͙ͪͤͼ͙͙ͨ ͔͒ͺ͔͔ͪͤͼ͊͜ͼ͜͝ 
ͭ͊ ͦͤ͟ͼ͔ͤͭͪ͊ͼ͜͝ ͔ͦͨͪ͊ͼ͚͜

ˤ͙͋ͪ͜ ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ
˹͍͊ͯͦͦ͟-͔͔͙ͭͦͪͭ;ͤ͊ ͋͊͊͘

ʈʠʩ. 3 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ 

 

ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʚʣʘʩʥʝ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ ʜʝʪʘʣʽ 
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ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʦʜʥʫ ʚʘʞʣʠʚʫ ʦʩʦʙʣʠʚʽʩʪʴ. ʋ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʛʦʪʦʚʢʘ (ʨʝʘʣʴʥʠʡ ʦʙ'ʻʢʪ) ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʤʘʨʰʨʫʪʫ ʦʙʨʦʙʢʠ ʧʦʩʣʽʜʦʚʥʦ ʧʨʦʭʦʜʠʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʥʮʠʧʫ ʧʦʩʣʽʜʦʚʥʦʛʦ 

ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʪʦʯʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʥʷʪʪʷ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʧʫʩʢʫ 

ʬʦʨʤʫʻʪʴʩʷ ʦʩʪʘʪʦʯʥʘ ʜʝʪʘʣʴ, ʷʢʘ ʧʦʚʠʥʥʘ ʟʘ ʬʦʨʤʦʶ, ʨʦʟʤʽʨʘʤʠ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʦʚʝʨʭʦʥʴ ʚʽʜʧʦʚʽʜʘʪʠ ʨʦʙʦʯʦʤʫ ʢʨʝʩʣʝʥʥʶ, ʷʢʝ ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʪʝʭʥʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. ʋ ʧʨʦʮʝʩʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʽʥʰʘ. ɺʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʨʦʙʦʯʝ ʢʨʝʩʣʝʥʥʷ ʜʝʪʘʣʽ 

(ʚʽʨʪʫʘʣʴʥʠʡ ʦʙ'ʻʢʪ) ʽ ʟʘʜʘʥʘ ʧʨʦʛʨʘʤʘ ʚʠʧʫʩʢʫ. ʇʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʥʘʥʴ ʧʨʦ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ, ʪʝʦʨʽʾ ʪʦʯʥʦʩʪʽ, ʙʘʟʫʚʘʥʥʷ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʨʽʟʘʥʥʷ ʪʦʱʦ ʬʦʨʤʫʻʪʴʩʷ ʤʘʨʰʨʫʪ 

ʦʙʨʦʙʢʠ. 

ʅʘ ʧʨʦʪʷʟʽ ʨʦʟʨʦʙʣʝʥʥʷ ʦʧʝʨʘʮʽʡʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʭʝʤʠ ʙʘʟʫʚʘʥʥʷ, 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʦʧʝʨʘʮʽʡʥʽ ʧʨʠʧʫʩʢʠ, ʨʝʞʠʤʠ ʨʽʟʘʥʥʷ, ʚʠʢʦʥʫʻʪʴʩʷ ʪʝʭʥʽʯʥʝ ʥʦʨʤʫʚʘʥʥʷ. ʊʽʣʴʢʠ ʧʽʩʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʧʫʩʢʽʚ ʽ ʚʠʙʦʨʫ ʟ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʢʠ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʦ ʾʾ 

ʨʦʙʦʯʝ ʢʨʝʩʣʝʥʥʷ (ʚʽʨʪʫʘʣʴʥʠʡ ʦʙ'ʻʢʪ). ʇʽʜ ʯʘʩ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʠʨʘʶʪʴ ʽ ʧʨʦʝʢʪʫʶʪʴ 

ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʟʘʩʦʙʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ, ʧʽʜʙʠʨʘʶʪʴ ʩʢʣʘʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʽ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʴʢʠʭ ʩʠʩʪʝʤ, ʦʬʦʨʤʣʷʶʪʴ ʥʝʦʙʭʽʜʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʜʦʢʫʤʝʥʪʘʮʽʶ. 

ʈʝʟʫʣʴʪʘʪʠ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʷʢ ʝʪʘʧ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʜʝʪʘʣʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʧʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʦʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʞʠʪʪʻʚʦʛʦ 

ʮʠʢʣʫ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ [7]. ʎʽ ʪʝʭʥʦʣʦʛʽʾ ʧʨʠʥʮʠʧʦʚʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʦʚʦʾ ʜʝʪʘʣʽ, ʭʦʯʘ ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚ ʪʦʤʫ, ʽ ʚ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʻ ʦʜʥʘ ʡ ʪʘ ʩʘʤʘ ʛʦʪʦʚʘ ʜʝʪʘʣʴ ʟʽ ʩʚʦʾʤʠ ʩʣʫʞʙʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ. 

ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ ʧʽʜʛʦʪʦʚʯʠʭ 

ʦʧʝʨʘʮʽʡ ʨʦʟʙʠʨʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʘʙʦ ʚʫʟʣʘ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʡʦʛʦ ʨʦʙʦʪʠ, ʦʯʠʱʝʥʥʷ ʪʘ ʜʝʬʝʢʪʘʮʽʾ ʟʥʦʰʝʥʠʭ 

ʜʝʪʘʣʝʡ (ʨʠʩ. 2). ʋ ʧʨʦʮʝʩʽ ʜʝʬʝʢʪʘʮʽʾ ʜʝʪʘʣʽ ʩʦʨʪʫʶʪʴ ʥʘ ʪʘʢʽ ʛʨʫʧʠ [8]: 

- ʧʨʠʜʘʪʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

- ʪʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ ʘʙʦ ʚʽʜʥʦʚʣʝʥʥʷ; 

- ʥʝʧʨʠʜʘʪʥʽ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʟʘʤʽʥʽ. 

ɼʝʪʘʣʽ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʨʝʤʦʥʪʫ, ʪʨʝʪʴʦʾ ï ʚʽʜʙʨʘʢʦʚʫʶʪʴʩʷ. ɼʣʷ ʜʝʪʘʣʝʡ ʜʨʫʛʦʾ ʛʨʫʧʠ ʩʣʽʜ 

ʧʨʠʟʥʘʯʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ. 

ɿ ʧʦʛʣʷʜʫ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʽ. 

ʅʝʚʽʜʥʦʚʣʶʚʘʥʠʤʠ ʻ ʧʦʨʰʥʝʚʽ ʢʽʣʴʮʷ, ʬʨʠʢʮʽʡʥʽ ʥʘʢʣʘʜʢʠ ʛʘʣʴʤ ʽ ʟʯʝʧʣʝʥʥʷ, ʧʨʦʢʣʘʜʢʠ, 

ʫʱʽʣʴʥʶʚʘʣʴʥʽ ʢʽʣʴʮʷ ʪʦʱʦ. ʊʘʢʽ ʜʝʪʘʣʽ ʧʽʜ ʯʘʩ ʨʝʤʦʥʪʫ ʟʘʤʽʥʶʶʪʴ. 

ɼʝʷʢʽ ʜʝʪʘʣʽ ʚʽʜʥʦʚʣʶʶʪʴʩʷ ʦʜʠʥ ʨʘʟ. ʇʨʠ ʮʴʦʤʫ ʧʨʠʜʘʪʥʽʩʪʴ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʥʘ ʪʘʢʫ ʚʝʣʠʯʠʥʫ, ʱʦ 

ʜʝʪʘʣʴ ʩʣʫʞʠʪʴ ʫ ʤʘʰʠʥʽ ʪʘʢʠʡ ʩʘʤʠʡ ʨʝʩʫʨʩ ʘʙʦ ʪʝʨʤʽʥ, ʷʢ ʽ ʥʦʚʘ. ʇʦʚʪʦʨʥʽ ʨʝʩʫʨʩʠ ʘʙʦ ʪʝʨʤʽʥʠ ʩʣʫʞʙʠ 

ʽʥʰʠʭ ʟʤʽʥʥʠʭ ʜʝʪʘʣʝʡ ʧʽʩʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʩʢʦʨʦʯʫʶʪʴʩʷ. ɺ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʜʝʪʘʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʜʘʥʽ 

ʙʘʛʘʪʦʨʘʟʦʚʦʤʫ ʚʽʜʥʦʚʣʝʥʥʶ. ʋ ʮʴʦʤʫ ʨʘʟʽ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʚʠʨʦʙʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʧʽʜʣʷʛʘʻ ʫʪʦʯʥʝʥʥʶ 

(ʨʠʩ.4). 
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ʚʽʜʤʦʚʘ

ɽʢʩʧʣʫʘʪʘʮʽʷ

ʚʽʜʤʦʚʘ

ʋʪʠʣʽʟʘʮʽʷ

 
ʈʠʩ. 4 ï ʇʨʦʜʦʚʞʝʥʥʷ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ ʟʘ ʨʘʭʫʥʦʢ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ 

 

ʋ ʩʪʨʫʢʪʫʨʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʦʚ'ʷʟʘʥʫ ʩʫʢʫʧʥʽʩʪʴ ʩʧʦʩʦʙʽʚ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ. ʉʭʝʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʦʢʨʝʤʠʭ ʝʪʘʧʘʭ, 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 5.  
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ɸʥʘʣʽʟ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʦʟʨʦʙʢʠ

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ɺʠʙʽʨ ʜʽʶʯʦʛʦ ʪʠʧʦʚʦʛʦ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʙʦ ʧʦʰʫʢ 

ʘʥʘʣʦʛʘ ʦʜʠʥʠʯʥʦʛʦ ʧʨʦʮʝʩʫ

ʇʦʧʝʨʝʜʥʻ ʩʢʣʘʜʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʤʘʨʰʨʫʪʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ

ʃʦʛʽʯʥʘ ʦʮʽʥʢʘ ʚʘʨʽʘʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ, ɦ ʦ 

ʩʢʣʘʜʘʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʽʜʥʦʚʣʝʥʥʷ

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ

ʅʦʨʤʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ

ʆʮʽʥʢʘ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʩʧʦʩʦʙʽʚ, ɦ ʦ ʩʢʣʘʜʘʶʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʥʦʚʣʝʥʥʷ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ

ʃʦʛʽʯʥʘ ʦʮʽʥʢʘ ʚʘʨʽʘʥʪʽʚ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 

ʜʝʪʘʣʽ

ʆʬʦʨʤʣʝʥʥʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʘʨʽʘʥʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʫ ʚʠʨʦʙʥʠʮʪʚʦ

ʆʮʽʥʢʘ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ

 

ʈʠʩ. 5 ï ʆʩʥʦʚʥʽ ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ 

 

ʅʘʡʚʽʜʧʦʚʽʜʘʣʴʥʽʰʽ ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ï ʚʠʙʽʨ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʽʘʥʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʠʡ ʢʦʤʧʣʝʢʩʥʠʡ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ 

ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʚʢʣʶʯʘʻ ʨʦʟʛʣʷʜ ʪʝʭʥʽʯʥʦʾ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ 

ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʇʠʪʘʥʥʶ ʦʮʽʥʢʠ ʩʧʦʩʦʙʽʚ ʚʽʜʥʦʚʣʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʠʤ ʢʨʠʪʝʨʽʷʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʩʧʦʩʦʙʫ ʚʽʜʥʦʚʣʝʥʥʷ, ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʜʦʩʣʽʜʞʝʥʴ [9, 10 ʪʘ ʽʥ.]. ʆʩʢʽʣʴʢʠ ʮʽ ʧʠʪʘʥʥʷ 

ʥʝ ʻ ʧʨʝʜʤʝʪʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɿʘ ʘʥʘʣʦʛʽʻʶ ʟʽ ʩʭʝʤʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʧʨʦʮʝʩʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ ʤʘʰʠʥ (ʨʠʩ. 3) ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʨʫʢʪʫʨʥʦ-ʣʦʛʽʯʥʫ ʩʭʝʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ (ʨʠʩ. 6). ʗʢ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʨʦʟʨʦʙʣʝʥʫ ʘʚʪʦʨʘʤʠ [11] ʪʝʭʥʦʣʦʛʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʮʘʧʬ ʰʝʩʪʝʨʝʥʴ ʛʽʜʨʦʥʘʩʦʩʽʚ 

ʬʽʥʽʰʥʦʶ ʘʥʪʠʬʨʠʢʮʽʡʥʦʶ ʙʝʟʘʙʨʘʟʠʚʥʦʶ ʦʙʨʦʙʢʦʶ (ʌɸɹʆ). ʇʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʩʭʝʤ (ʨʠʩ. 3 ʽ 6) ʧʦʢʘʟʫʻ 

ʚʽʜʤʽʥʥʽʩʪʴ ʽ ʩʧʽʣʴʥʽ ʧʦʟʠʮʽʾ ʧʽʜ ʯʘʩ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʦʚʦʾ ʜʝʪʘʣʽ ʪʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ. 

ʈʦʟʨʦʙʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʪʘ ʾʾ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʆʜʥʘʢ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʩʪʦʩʦʚʥʦ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʧʠʪʘʥʥʷ 

ʷʢʦʩʪʽ ʤʘʻ ʦʭʦʧʣʶʚʘʪʠ ʥʝ ʪʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʝʪʘʣʽ. 
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͔́ͻ͎ͤͦͦ͜͡;͔ͤ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ

˸͊ͪ΄ͪͯͭ ͙ͦ͋ͪͦ͋͟

͔͍͔̉ͪͤͦ ͭͦ;ͤͤ͜Ύ

͙͍͔̉ͫͭͦ ͭͦ;ͤͤ͜Ύ

̅ˢˣ˻

˻;͙΅͔ͤͤΎ

͔́ͻͤ͜;͙͚ͤ ͦͤͭͪͦ͟͡Έ

˻͔ͨͪ͊ͼ͚͙͚ͤ͜ ͔ͭͻͨͪͦͼ͔ͫ

˿͊͒͟͡ ͔ͭͻ͎ͤͦͦ͜͡;͎ͤͦͦ 
ͦ͋͊͒ͤ͊ͤͤ͡Ύ

˱͔ͤͫͭͪͯͣͤͭ͊͡Έ͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ

˽͍͊ͤͯ͊ͤͤ͡Ύ ͍͙͙ͪͦ͋ͤ;͎ͦͦ 
ͨ͒ͪͦ͒ͯ͘͜͜͡

˶͎͙ͦͫͭ͜;͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ

ˤ˱˨˹˻ˤ˶˩˹ˢ ˨˩́ˢ˶̎

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤͦ͜-͔ͭͻͤ͜;͔ͤ 
͔͔͊͋ͨ͘͘;͔ͤͤΎ ͙ͨ͒ͨͪ͜Ί͍ͣͫͭ͊

ɺɯɼʅʆɺʃɽʅɸ ɼɽʊɸʃʔ

ˤ͙͋ͪ͜ ͫͨͦͫͦ͋ͯ 
͍͍͔͒ͤͦͤͤ͜͡Ύ

˿͊͒͊ͤͤ͟͡Ύ 
͔ͭͻ͎ͤͦͦ͜͡;͙ͤͻ ͔ͦͨͪ͊ͼ͚͜

ˤ͙͋ͪ͜ ͍ͯͣͦ ͍͋͊ͯ͊ͤͤ͘Ύ

ˤ͙͋ͪ͜ ͔͙͍ͪ͗ͣ͜ 

͔́ͻͤ͜;͔ͤ ͍ͤͦͪͣͯ͊ͤͤΎ

˻͔ͨͪ͊ͼ͚͙͚ͤ͜ ͔ͭͻͨͪͦͼ͔ͫ

˻ͺ͔ͦͪͣͤͤ͡Ύ ͔ͭͻ͎ͤͦͦ͜͡;ͤͦ͝ 
͔͒ͦͯͣͤͭ͊͟ͼ͜͝

͔́ͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͦ͋͊͒ͤ͊ͤͤ͡Ύ

˱͔ͤͫͭͪͯͣͤͭͯ

˭͍͊ͫͦ͋͜ ͍͙ͣͪ͜Ό͍͊ͤͤΎ

͔́ͻ͎ͤͦͦ͜͡;͎ͤͦͦ ͦͫͤ͊΅͔ͤͤΎ

́ͪ͊ͤͫͨͦͪͭͤͦ͝ ͙͔͙ͫͫͭͣ

˽ͪͦͼ͔ͫ ͔ͪͣͦͤͭͯ ˤ͙ͻ͒ͤ͊͜ ͤ͜ͺͦͪͣ͊ͼ͜Ύ

˸͔͙ͭͦ͒ ͙ͦ͋ͪͦ͋͟

˹͔͔͊ͤͫͤͤΎ ͙͍ͨͦͪͭͭ͟͜

˸͙ͦ͒ͺ͍ͯ͊ͤͤ͜͟Ύ ͍͔ͨͦͪͻͤ͜

˽͍͔ͦͪͻ͔͍ͤͦ ͙ͨ͊ͫͭ͡;ͤ͊ 
ͦ͋ͪͦ͋͊͟

˴͍ͦͣ͋ͤͦ͊ͤ͜͜ ͔͙ͣͭͦ͒

˾ͦ͋ͦ;͔ ͔͔ͪͫͤͤ͟͡Ύ ͔͒ͭ͊͜͡

˻͎ͪ͊ͤ͊͘͜ͼ͚ͤ͊͜ ͺͦͪͣ͊ 
͍͙͙ͪͦ͋ͤͼ͍ͭ͊

˽͎ͪͦͪ͊ͣ͊ ͍͙ͨͯͫͯ͟

͔́ͦͪ͜Ύ ͭͦ;ͤͦͫͭ͜

͔́ͦͪ͜Ύ ͍͋͊ͯ͊ͤͤ͘Ύ

͔́ͦͪ͜Ύ ͙͍ͨͪͦ͒ͯͭͤͦͫͭ͟͜

͔́ͦͪ͜Ύ ͙ͨ͊ͫͭ͡;͎ͤͦͦ 
͔͒ͺ͍ͦͪͣͯ͊ͤͤΎ

˱͔͔ͤ͗ͤͪ͜Ύ ͍͔ͨͦͪͻͤ͜

ˤ͙͋ͪ͜ ͜ ͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ
˹͍͊ͯͦͦ͟-͔͔͙ͭͦͪͭ;ͤ͊ ͋͊͊͘

˭˹˻̊˩˹ˢ ˨˩́ˢ˶̎

˻;͙΅͔ͤͤΎ˨ ͔ͺ͔ͭ͊͟ͼ͜Ύ ˭˹˻̊˩˹ˢ ˨˩́ˢ˶̎

͔́ͻ͎ͤͦͦ͜͡;͙͚ͤ ͨͪͦͼ͔ͫ ͍͍͔͒ͤͦͤͤ͜͡Ύ

 

ʈʠʩ. 6 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʨʝʤʦʥʪʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʝʪʘʣʝʡ 

 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ ʘʚʪʦʨʦʤ [3] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʥʫ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʦʢʘʟʥʠʢʽʚ (ʧʨʠʟʥʘʯʝʥʥʷ, ʥʘʜʽʡʥʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʝʢʦʥʦʤʽʯʥʦʩʪʽ). ʂʨʽʤ ʮʴʦʛʦ, ʤʦʞʫʪʴ 

ʙʫʪʠ ʟʘʜʽʷʥʽ ʜʦʜʘʪʢʦʚʘ ʛʨʫʧʘ ʧʦʢʘʟʥʠʢʽʚ (ʨʽʚʥʽ ʚʽʜʥʦʚʣʝʥʥʷ, ʝʩʪʝʪʠʯʥʦʩʪʽ, ʙʝʟʧʝʢʠ). ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʩʭʝʤʦʶ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʨʽʚʥʽ ʦʮʽʥʢʠ ʦʢʨʝʤʠʭ 

ʧʦʢʘʟʥʠʢʽʚ (ʨʠʩ. 7). 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʜʘʻ 

ʟʤʦʛʫ ʜʘʪʠ ʢʦʤʧʣʝʢʩʥʫ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ. 

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

1. ʋʪʦʯʥʝʥʦ ʽ ʜʦʧʦʚʥʝʥʦ ʩʪʨʫʢʪʫʨʫ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʫ ʜʣʷ ʝʪʘʧʽʚ, ʱʦ ʚʠʨʽʰʫʶʪʴ ʟʘʚʜʘʥʥʷ 

ʧʨʦʜʦʚʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʟʘ ʨʘʭʫʥʦʢ ʨʝʤʦʥʪʫ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ: 

2. ʈʦʟʨʦʙʣʝʥʦ ʟʘʛʘʣʴʥʫ ʩʭʝʤʫ ʪʘ ʩʪʨʫʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʜʝʪʘʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ 

ʷʢʦʩʪʽ ʨʦʙʦʯʦʛʦ ʰʘʨʫ.  

3. ɺʩʪʘʥʦʚʣʝʥʦ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʭʝʤʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʽ. ʇʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʪʘʪʦʯʥʘ ʜʝʪʘʣʴ ʟʘ ʩʚʦʾʤʠ ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʧʦʚʠʥʥʘ 

ʚʽʜʧʦʚʽʜʘʪʠ ʾʾ ʨʦʙʦʯʦʤʫ ʢʨʝʩʣʝʥʥʶ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʚ'ʷʟʘʥʘ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʽ ʪʘ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

4. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ 

ʜʦʩʣʽʜʠʪʠ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʽ ʟʚ'ʷʟʢʠ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ, ʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʰʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʠʭ ʜʝʪʘʣʝʡ. 
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ʫʨʘʭʫʚʘʥʥʷʤ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʾʭ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ, ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 
ʜʨʦʙʣʽʥʥʷ ʩʪʨʫʞʢʠ ʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʪʘ ʡʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʾ ʦʮʽʥʢʠ. 
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MIRONENKO E.V., KOVALOV V.D., VASYLCHENKO YA.V., KLIMENKO G.P., MYRANTSOV S.L 

THE CURRENT STATE OF BLADE MACHINING WITH BLOCK -MODULAR TOOLS ON HEAVY -DUTY CNC 

MACHINES  
The article analyzes the current state of the problem of blade machining, considers ways to improve the efficiency of the machining 

process on heavy unique machine tools, prefabricated tool systems, tool reliability, evaluates methods for ensuring satisfactory chip formation 

and their technological capabilities, considers methods of multicriteria optimization, identifies areas of scientific research, and formulates the 

purpose and objectives of the study. For the first time, the scientific principles of creating block-modular tooling systems for heavy machine tools 

were published, which include: principles of creating block-modular tooling systems based on qualimetric assessment of the states of the 
machining process, possible failures of the technological system, properties and criteria for their optimization, determination of the criteria 

weights; principles of designing block-modular tool elements taking into account the assessment of the stress-strain state and stiffness of the main 

components, creation of a mathematical model. 
Keywords: blade machining, heavy-duty lathes, prefabricated modular tooling system, reliability, chip formation, multi-criteria 

optimization. 

 

ɺʩʪʫʧ. ɺ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ, ʨʦʟʛʣʷʥʫʪʽ ʰʣʷʭʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʪʘ ʫʥʽʢʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʩʠʩʪʝʤʠ ʟʙʽʨʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʜʽʡʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ 

ʪʘ ʾʭʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʚʠʟʥʘʯʝʥʽ 

ʥʘʧʨʷʤʢʠ ʥʘʫʢʦʚʦʛʦ ʧʦʰʫʢʫ, ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʤʝʪʫ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʶ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʙʝʟʣʽʯʽ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ. ɼʦ 

70% ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʟʥʷʪʪʷʤ 

ʚʝʣʠʢʠʭ ʧʝʨʝʨʽʟʽʚ ʰʘʨʫ, ʱʦ ʟʨʽʟʘʶʪʴʩʷ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʚʘʞʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʥʘʡʧʦʰʠʨʝʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʘʛʦʪʦʚʢʠ, 

ʦʪʨʠʤʘʥʽ ʤʝʪʦʜʦʤ ʣʠʪʪʷ, ʢʫʚʘʥʥʷ, ʰʪʘʤʧʫʚʘʥʥʷ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʠʭ ʥʝʨʽʚʥʦʤʽʨʥʠʭ 

ʧʨʠʧʫʩʢʽʚ, ʧʦʨ, ʨʘʢʦʚʠʥ, ʪʨʽʱʠʥ, ʥʝʤʝʪʘʣʝʚʠʭ ʚʢʣʶʯʝʥʴ ʪʘ ʽʥʰʠʭ ʜʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʊʦʤʫ ʥʘ 

ʝʪʘʧʽ ʦʪʨʠʤʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʦʨʥʦʚʦʾ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ ʚʠʜʘʣʝʥʥʷ 

ʜʝʬʝʢʪʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ ʪʘʢʠʭ ʟʘʛʦʪʦʚʦʢ ʜʫʞʝ ʚʝʣʠʢʘ. ʅʘʧʨʠʢʣʘʜ, 

ʜʣʷ ʦʙʨʦʙʢʠ ʟʘʛʦʪʦʚʢʠ ʜʦʚʞʠʥʦʶ (4000 é 5000) ʤʤ ʡ ʜʽʘʤʝʪʨʦʤ 1500 ʤʤ ʟʥʘʜʦʙʠʪʴʩʷ 3 ʨʦʙʦʯʽ ʟʤʽʥʠ 

(ʧʨʠʙʣʠʟʥʦ 22 ʛʦʜʠʥʠ). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʪʘ ʦʩʥʦʚʥʠʤʠ ʢʽʥʮʝʚʠʤʠ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʠʨʽʰʝʥʽ  ʻ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʨʦʙʣʝʤʠ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ, ʨʦʟʛʣʷʜ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʂ, ʚʠʚʯʝʥʥʷ ʩʠʩʪʝʤ ʟʙʽʨʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʥʘʜʽʡʥʦʩʪʽ ʩʠʩʪʝʤ, ʚʠʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ ʡ ʤʝʪʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʦʛʦ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʪʘ ʾʭʥʽʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. ʇʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʜʝʬʝʢʪʥʦʛʦ ʰʘʨʫ ʟ ʧʦʢʦʚʢʠ, 

ʜʝʪʘʣʴ ʧʽʜʜʘʻʪʴʩʷ ʪʝʨʤʦʦʙʨʦʙʮʽ, ʘ ʧʦʜʘʣʴʰʘ ʣʝʟʦʚʘ ʦʙʨʦʙʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. ʇʨʠ 

ʮʴʦʤʫ ʚʠʜʘʣʷʻʪʴʩʷ ʧʨʠʧʫʩʢ ʜʦ 30 ʤʤ, ʟ ʤʝʪʦʶ ʢʨʘʱʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʬʦʨʤʠ ʟʘʛʦʪʦʚʢʠ ʜʦ ʧʨʦʬʽʣʶ ʜʝʪʘʣʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʜ ʢʽʥʮʝʚʠʤʠ (ʯʠʩʪʦʚʠʤʠ) ʦʧʝʨʘʮʽʷʤʠ ʚʘʛʘ ʜʝʪʘʣʽ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ (60 é 70) % ʚʽʜ ʚʘʛʠ 

ʧʦʯʘʪʢʦʚʦʾ ʟʘʛʦʪʦʚʢʠ. ɸʥʘʣʽʟ ʟʘʩʪʦʩʦʚʘʥʠʭ ʛʣʠʙʠʥ ʨʽʟʘʥʥʷ [1] ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ʧʦʢʘʟʫʻ ʟʥʘʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʟʘʣʝʞʥʽʩʪʴ ʾʭ ʚʽʜ ʨʦʟʤʽʨʫ ʚʝʨʩʪʘʪʘ (ʨʠʩ. 1). 

ʋ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ [2, 3] ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʨʽʟʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ. ɺʠʚʯʘʣʠʩʷ ʩʝʨʝʜʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʫʤʦʚʠ ʦʙʨʦʙʢʠ, ʾʭʥʽ ʨʦʟʧʦʜʽʣʠ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ ʚʝʨʩʪʘʪʘ. 

ʈʦʟʛʣʷʜʘʣʠ ʚʘʞʢʽ ʪʦʢʘʨʥʽ ʚʝʨʩʪʘʪʠ, ʱʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʂʨʘʤʘʪʦʨʩʴʢʠʤ ʟʘʚʦʜʦʤ ʚʘʞʢʦʛʦ ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʷ ʟ 

ʥʘʡʙʽʣʴʰʠʤ ʜʽʘʤʝʪʨʦʤ ʚʩʪʘʥʦʚʣʶʚʘʥʦʛʦ ʥʘʜ ʩʪʘʥʠʥʦʶ ʚʠʨʦʙʫ Dc = (1250... 4000) ʤʤ. ʄʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʨʦʟʧʦʜʽʣʫ ʫʤʦʚʥʦ ʧʨʠʡʤʘʣʠ ʟʘ ʪʘʢʽ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʤʘʩʠʚʽ ʙʘʥʢʫ ʜʘʥʠʭ. ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʽ 

ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ ʜʽʘʤʝʪʨʽʚ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʜʘʥʦʛʦ ʪʠʧʦʨʦʟʤʽʨʫ. 

Ò ʄʠʨʦʥʝʥʢʦ ɭ.ɺ., ʂʦʚʘʣʴʦʚ ɺ.ɼ., ɺʘʩʠʣʴʯʝʥʢʦ ʗ.ɺ.,ʂʣʠʤʝʥʢʦ ɻ.ʇ., ʄʽʨʘʥʮʦʚ ʉ.ʃ. 



ISSN 2079ï004ʍ(Print), ISSN 2786ï7587(Online). ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2023.ˉ2 (8) 18 

 

 
 

ʈʠʩ. 1 ï ʈʦʟʧʦʜʽʣ ʛʣʠʙʠʥ ʨʽʟʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ (Dc) 

 

 

.  

 

ʈʠʩ. 2 ï ʈʦʟʧʦʜʽʣ ʜʽʘʤʝʪʨʽʚ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

 

ʇʘʨʘʤʝʪʨʠ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʥʘʯʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ. ʄʘʩʘ 

ʟʘʛʦʪʦʚʦʢ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʮʠʭ ʚʝʨʩʪʘʪʘʭ, ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 0,5 ʜʦ 250 ʪʦʥʥ (ʨʠʩ. 3), ʜʽʘʤʝʪʨʠ ʟʘʛʦʪʦʚʦʢ 

ʚʽʜ 500 ʜʦ 3750 ʤʤ. ɿʥʘʯʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʤʦʚ ʦʙʨʦʙʢʠ ʥʘ ʚʝʨʩʪʘʪʘʭ ʨʽʟʥʠʭ ʪʠʧʦʨʦʟʤʽʨʽʚ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʘ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʝ ʟʘʚʞʜʠ ʧʘʨʘʤʝʪʨʠ ʜʝʪʘʣʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʤʽʨʫ ʚʝʨʩʪʘʪʘ. 

ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʫ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʜʝʷʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʥʝʤʘʻ ʚʩʽʻʾ 

ʨʦʟʤʽʨʥʦʾ ʛʘʤʠ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ. 
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ʅʦʤʝʥʢʣʘʪʫʨʘ ʤʘʨʦʢ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ, ʜʫʞʝ ʰʠʨʦʢʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

88 % ʩʪʘʥʦʚʣʷʪʴ ʟʘʛʦʪʦʚʢʠ ʟʽ ʩʪʘʣʝʡ, ʟ ʥʠʭ ʙʣʠʟʴʢʦ 60% ʣʝʛʦʚʘʥʠʭ ʥʽʢʝʣʝʤ, ʚʘʥʘʜʽʻʤ, ʭʨʦʤʦʤ ʽ ʤʦʣʽʙʜʝʥʦʤ 

(ʨʠʩ. 4). 

ʗʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [2, 3, 4], ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʚʘʣʢʽʚ ʭʦʣʦʜʥʦʛʦ ʽ ʛʘʨʷʯʦʛʦ 

ʧʨʦʢʘʪʫ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʚʽ ʤʘʨʢʠ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʝʨʝʨʽʟʫ ʰʘʨʫ, ʱʦ ʟʨʽʟʘʻʪʴʩʷ (ʨʠʩ. 5). ʅʘ ʜʽʘʛʨʘʤʽ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʟʦʥʠ: 1 - ʟʦʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʊ5ʂ10 ʜʣʷ 

ʯʦʨʥʦʚʦʾ ʦʙʨʦʙʢʠ, 2 - ʟʦʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʣʘʚʫ ʊ15ʂ6 ʽ 3 - ʧʝʨʝʪʠʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʟʦʥ ï ʩʧʽʣʴʥʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʣʘʚʽʚ. 

 

 
 

ʈʠʩ. 3 ï  ʈʦʟʧʦʜʽʣ ʤʘʩʠ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ 

 

 

 
 

ʈʠʩ. 4 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʦʢ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ 

ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. 
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ʈʠʩ. 5 ï ʆʙʣʘʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʨʦʢ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʧʨʠ ʦʙʨʦʙʮʽ ʚʘʣʢʽʚ 

ʭʦʣʦʜʥʦʛʦ ʽ ʛʘʨʷʯʦʛʦ ʧʨʦʢʘʪʫ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ. 

 

 

 
 

ʈʠʩ. 6 ï ʈʦʟʧʦʜʽʣ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ 

ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ. 

 

ʅʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʦʧʝʨʘʮʽʾ (ʨʠʩ. 6). ɹʣʠʟʴʢʦ 94% 

ʩʪʘʥʦʚʣʷʪʴ ʦʧʝʨʘʮʽʾ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʨʽʟʮʷʤʠ, ʧʨʠʯʦʤʫ ʧʦʟʜʦʚʞʥʻ ʪʦʯʽʥʥʷ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 

70%. ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʻʶ. ʅʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʘʞʢʽ ʚʝʨʩʪʘʪʠ, ʥʠʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʚʘ ʪʠʧʠ ʨʽʟʮʽʚ: ʥʘʧʘʡʥʽ ʟ 

ʪʚʝʨʜʦʩʧʣʘʚʥʦʶ ʧʣʘʩʪʠʥʦʶ, ʨʦʟʪʘʰʦʚʘʥʦʶ ʚʟʜʦʚʞ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʽ ʟʙʽʨʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʨʽʟʘʣʴʥʦʶ 

ʚʩʪʘʚʢʦʶ, ʦʩʥʘʱʝʥʦʶ ʧʣʘʩʪʠʥʦʶ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ, ʨʦʟʪʘʰʦʚʘʥʦʶ ʚʟʜʦʚʞ ʟʘʜʥʴʦʾ ʧʦʚʝʨʭʥʽ. 

ʉʪʦʭʘʩʪʠʯʥʠʡ ʭʘʨʘʢʪʝʨ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ, ʚʝʣʠʢʝ ʨʦʟʩʽʶʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʙʨʦʙʣʶʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʡʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʨʦʟʨʦʙʣʝʥʥʷ ʩʪʦʩʦʚʥʦ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʦʩʦʙʣʠʚʦ 

ʚʘʞʣʠʚʦ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ. 

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʨʽʟʮʽʚ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ [4] ʧʦʢʘʟʘʣʠ, ʱʦ 
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ʧʦʨʷʜ ʟʽ ʟʥʦʰʫʚʘʥʥʷʤ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʘʻ ʨʫʡʥʫʚʘʥʥʷ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʫ ʚʠʛʣʷʜʽ ʚʠʢʨʠʰʫʚʘʥʥʷ ʽ 

ʧʦʣʦʤʦʢ. ʅʘʷʚʥʽʩʪʴ ʥʝʫʩʫʚʥʠʭ ʚʽʜʤʦʚ ʨʽʟʮʽʚ (ʧʦʣʦʤʦʢ) ʤʘʻ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ 

ʜʝʪʘʣʝʡ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʟʤʽʥʠʣʠ ʭʘʨʘʢʪʝʨ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʚʘʞʢʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʫ ʟʚ'ʷʟʢʫ ʟ ʦʩʚʦʻʥʥʷʤ ʥʦʚʦʾ ʛʘʤʠ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʦʩʥʘʱʝʥʠʭ ʧʣʘʩʪʠʥʯʘʩʪʠʤʠ 

ʩʫʧʦʨʪʘʤʠ ʽ ʏʇʂ. ʎʝ ʚʧʣʠʥʫʣʦ ʥʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʮʠʭ ʚʝʨʩʪʘʪʘʭ [3, 5], ʘ ʨʦʟʨʦʙʢʘ ʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʤʝʭʘʥʽʯʥʠʤ ʟʘʢʨʽʧʣʝʥʥʷʤ ʨʽʟʘʣʴʥʠʭ 

ʧʣʘʩʪʠʥ ʧʦʩʪʘʚʣʝʥʽ ʚ ʦʩʥʦʚʫ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʉʠʩʪʝʤʠ ʟʙʽʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʽ ʧʨʠʥʮʠʧʠ ʾʭ ʢʦʤʧʦʥʫʚʘʥʥʷ. ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʫ ʡ ʦʜʥʦʯʘʩʥʦʛʦ ʩʧʨʦʱʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʨʦʟʨʦʙʣʝʥʽ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʽ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʝʨʩʪʘʪʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʝʣʠʢʠʡ ʝʬʝʢʪ ʟʘʚʜʷʢʠ ʪʝʭʥʦʣʦʛʽʾ ʛʨʫʧʦʚʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʉʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢ ʽ ʙʫʜʴ-ʷʢʽ ʤʘʪʝʨʽʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʙʝʟʣʽʯ ʝʣʝʤʝʥʪʽʚ, ʱʦ 

ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʟʚ'ʷʟʢʘʭ ʦʜʠʥ ʟ ʦʜʥʠʤ ʪʘ ʫʪʚʦʨʶʶʪʴ ʧʝʚʥʫ ʻʜʥʽʩʪʴ. ɿ ʧʦʛʣʷʜʫ ʟʦʚʥʽʰʥʽʭ ʫʤʦʚ ʥʝʦʙʭʽʜʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤ ʻ ʧʨʠʻʜʥʫʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʢʨʽʧʠʣʴʥʦʾ 

ʯʘʩʪʠʥʠ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʉʠʩʪʝʤʦʶ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘʟʠʚʘʶʪʴ ʩʫʢʫʧʥʽʩʪʴ ʪʠʧʦʨʦʟʤʽʨʥʠʭ ʨʷʜʽʚ ʩʠʩʪʝʤ ʙʘʟʫʚʘʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ 

ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʩʠʩʪʝʤ ʙʘʟʫʚʘʥʥʷ ʽ ʟʘʢʨʽʧʣʝʥʥʷ ʢʦʤʧʦʥʦʚʦʢ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʚʝʨʩʪʘʪʘʭ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʚʠʤʦʛ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. 

ʋʩʽ ʟʘʩʪʦʩʦʚʘʥʽ ʨʘʥʽʰʝ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʙʫʜʫʚʘʣʠʩʷ ʟʘ ʩʭʝʤʦʶ, ʷʢʘ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.7, 

ʟʘʩʥʦʚʘʥʦʶ ʥʘ ʚʽʜʦʤʦʤʫ ʧʨʠʥʮʠʧʽ ʫʥʽʚʝʨʩʘʣʴʥʦ-ʥʘʣʘʛʦʜʞʫʚʘʣʴʥʠʭ ʧʨʠʩʪʦʩʫʚʘʥʴ [6]. ɯʥʩʪʨʫʤʝʥʪ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʟʘ ʮʠʤ ʧʨʠʥʮʠʧʦʤ, ʦʪʨʠʤʘʚ ʥʘʟʚʫ - ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʠʙʦʨʫ 

ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʚʘʞʣʠʚʠʤ ʻ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʪʘ 

ʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ. 
 

 ʉʠʩʪʝʤʠ ʙʘʟʫʚʘʥʥʷ, ʟʘʢʨʽʧʣʝʥʥʷ ʡ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʟʘʤʽʥʠ ʢʦʤʧʦʥʫʚʘʥʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʥʘ ʚʝʨʩʪʘʪʽ 

ʂʨʽʧʠʣʴʥʘ ʯʘʩʪʠʥʘ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʝʣʝʤʝʥʪʘʤʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʘʤʽʥʠ ʽ ʢʦʜʫʚʘʥʥʷ 

ɹʘʟʦʚʘ ʯʘʩʪʠʥʘ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʉʠʩʪʝʤʠ ʙʘʟʫʚʘʥʥʷ  ̔ʟʘʢʨʽʧʣʝʥʥ ̫

ʟʤʽʥʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ 

ʉʠʩʪʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ 

ʟʘʢʨʽʧʣʝʥʥʷ ʟʤʽʥʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ 

ʂʨʽʧʠʣʴʥʘ ʯʘʩʪʠʥʘ ʟʤʽʥʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ ʜʦʧʦʤʽʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ 

ʉʠʩʪʝʤʠ ʙʘʟʫʚʘʥʥʷ  ̔ʟʘʢʨʽʧʣʝʥʥʷ 

ʨʟ̔ʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʉʠʩʪʝʤʠ ʙʘʟʫʚʘʥʥʷ ʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʨʟ̔ʘʣʴʥʦʛʦ ̔ ʥʩʪʨʫʤʝʥʪʫ 

ʂʨ̔ʧʠʣʴʥʘ ʯʘʩʪʠʥʘ ʨʟ̔ʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

ʈʟ̔ʘʣʴʥʘ ʯʘʩʪʠʥʘ ʽʥʩʪʨʫʤʝʥʪʫ 
 

 

ʈʠʩ. 7 - ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ 
 

ɼʦʧʦʤʽʞʥʠʡ ʽʥʩʪʨʫʤʝʥʪ - ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ 

ʙʘʟʫʻʪʴʩʷ ʽ ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʠʟʢʠ ʫʤʦʚ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʛʝʦʤʝʪʨʽʾ. ɿ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʚ'ʷʟʦʢ ʤʽʞ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʚʝʨʩʪʘʪʘ (ʰʧʠʥʜʝʣʴ, ʩʫʧʦʨʪ) ʽ ʨʽʱʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ. 

ʄʘʩʣʦʚ ɸ.ʈ. [7] ʟʘʧʨʦʧʦʥʫʚʘʚ ʧʽʜ ʯʘʩ ʧʨʦʻʢʪʫʚʘʥʥʷ ʢʦʤʧʦʥʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʝʨʩʪʘʪʽʚ ʬʨʝʟʝʨʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʨʫʧʠ ʚʨʘʭʦʚʫʚʘʪʠ: ʧʦʛʨʽʰʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ, ʧʦʯʘʪʢʦʚʠʡ ʟʩʫʚ, 

ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʫʞʥʠʭ ʽ ʢʦʥʪʘʢʪʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʥʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1.8.). 

ʇʽʜ ʯʘʩ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʧʨʫʞʥʠʭ ʚʽʜʪʠʩʥʝʥʴ, ʦʙʨʦʙʮʽ ʩʪʘʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʘʜʽʘʣʴʥʦʾ ʩʠʣʠ ʨʽʟʘʥʥʷ ʈ1: 

 

 

 

 
(1) 

 

ʜʝ a ʽ b ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʤʘʪʝʨʽʘʣʫ ʟʘʛʦʪʦʚʢʠ ʽ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ; ʉ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ 
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ʚʨʘʭʦʚʫʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʛʝʦʤʝʪʨʽʶ ʽʥʩʪʨʫʤʝʥʪʫ; j - ʞʦʨʩʪʢʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʟʘʜʘʯʽ ʜʘʻ ʟʤʦʛʫ ʘʥʘʣʽʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ, ʜʣʷ 

ʷʢʠʭ ʙʫʜʫʻʪʴʩʷ ʤʦʜʝʣʴ, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. 

 

 
 

ʈʠʩ. 8 - ʉʭʝʤʘ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʠʣʝʥʴ ʧʦʣʦʞʝʥʥʷ ʨʽʟʘʣʴʥʠʭ ʢʨʦʤʦʢ ʽʥʩʪʨʫʤʝʥʪʫ 

 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʨʦʟʤʽʨʥʠʡ ʣʘʥʮʶʛ ʢʦʤʧʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

(ʨʠʩ. 1.9) ʯʝʨʝʟ ʧʦʨʽʚʥʷʥʥʷ ʚʝʣʠʯʠʥ ʚʽʜʭʠʣʝʥʴ, ʱʦ ʜʦʧʫʩʢʘʶʪʴʩʷ, ʥʘ ʧʨʠʻʜʥʫʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʙʘʟʠʩʥʠʭ 

ʘʛʨʝʛʘʪʽʚ ʽ ʟʤʽʥʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ: 

 

 

 

 
(2) 

 

ʜʝ, eʩʨ - ʧʦʣʦʚʠʥʘ ʩʝʨʝʜʥʴʦʛʦ ʜʦʧʫʩʢʫ ʥʘ ʣʘʥʢʠ ʨʦʟʤʽʨʥʦʛʦ ʣʘʥʮʶʛʘ; KS(x) - ʢʦʝʬʽʮʽʻʥʪ ʚʽʜʥʦʩʥʦʛʦ 

ʨʦʟʩʽʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʘʤʠʢʘʶʯʦʾ ʣʘʥʢʠ. 

 

  
 

ʈʠʩ. 9 ï ʈʦʟʤʽʨʥʠʡ ʣʘʥʮʶʛ ʢʦʤʧʦʥʫʚʘʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ 

 

ɺ ʷʢʦʩʪʽ eS(x) ʧʨʠʡʤʘʶʪʴ ʧʦʣʦʚʠʥʫ ʧʨʠʧʫʩʪʠʤʦʛʦ ʙʠʪʪʷ ʧʨʠʻʜʥʫʚʘʣʴʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦʧʦʤʽʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʜʫ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ɸʥʘʣʽʟ ʨʦʟʤʽʨʥʦʛʦ ʣʘʥʮʶʛʘ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʦʨʶʚʘʪʠ ʨʽʟʥʽ ʢʦʤʧʦʥʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʦʛ ʪʦʯʥʦʩʪʽ ʧʨʝʮʠʟʽʡʥʦʾ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ 

ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ. 

ɯʥʩʪʨʫʤʝʥʪ, ʱʦ ʟʙʠʨʘʻʪʴʩʷ ʟ ʫʥʽʬʽʢʦʚʘʥʠʭ ʚʫʟʣʽʚ ʽ ʘʛʨʝʛʘʪʽʚ, ʧʝʨʝʥʘʣʘʛʦʜʞʫʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʤʽʥʠ 

ʦʙʨʦʙʣʶʚʘʥʠʭ ʜʝʪʘʣʝʡ ʧʨʦʩʪʠʤ ʢʦʤʧʦʥʫʚʘʥʥʷʤ ʫʥʽʬʽʢʦʚʘʥʠʭ ʚʟʘʻʤʦʟʘʤʽʥʥʠʭ ʚʫʟʣʽʚ. ʊʨʘʜʠʮʽʡʥʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʟʘʤʽʥʶʻʪʴʩʷ ʢʦʤʧʣʝʢʪʘʤʠ, ʩʢʣʘʜʝʥʠʤʠ ʟ ʫʥʽʬʽʢʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʽ ʚʫʟʣʽʚ, ʟ ʾʭʥʽʤ ʯʘʩʪʢʦʚʠʤ ʘʙʦ 

ʧʦʚʥʠʤ ʨʦʟʙʠʨʘʥʥʷʤ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʩʢʣʘʜʘʥʥʷ ʚ ʽʥʰʦʤʫ ʧʦʻʜʥʘʥʥʽ. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʘʻ ʟʤʦʛʫ ʟʘʤʦʚʠʪʠ 

ʥʝ ʧʨʦʩʪʦ ʽʥʩʪʨʫʤʝʥʪ ʧʝʚʥʦʛʦ ʪʠʧʫ, ʘ ʩʠʩʪʝʤʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʟʤʽʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʉʠʩʪʝʤʘ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʟʘʜʦʚʦʣʝʥʥʷ ʚʠʤʦʛ ʩʧʦʞʠʚʘʯʽʚ ʜʦ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʥʘʱʝʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʤʦʚʣʝʥʴ. 

ɼʣʷ ʩʢʣʘʜʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʜʝʪʘʣʝʡ (ʤʦʜʫʣʽʚ), ʷʢʽ 

ʫʪʚʦʨʶʶʪʴ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʡ ʤʝʭʘʥʽʟʤ, ʱʦ ʤʘʻ ʜʦʩʪʘʪʥʶ ʨʝʟʫʣʴʪʫʶʯʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʪʦʯʥʽʩʪʴ. ʊʘʢʠʡ 

ʽʥʩʪʨʫʤʝʥʪ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʢʦʤʙʽʥʦʚʘʥʽ ʽʥʩʪʨʫʤʝʥʪʠ, ʟʤʽʥʶʚʘʪʠ ʜʦʚʞʠʥʠ ʽ ʜʽʘʤʝʪʨʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
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ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʘʚʜʘʥʥʷ ʦʙʨʦʙʢʠ. ʉʢʣʘʜʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʤʘʻ ʤʝʥʰʫ ʞʦʨʩʪʢʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʩʫʮʽʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʦʪʝ ʚ ʥʠʟʮʽ ʚʠʧʘʜʢʽʚ ʤʘʻ ʙʽʣʴʰʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʛʘʩʽʥʥʷ ʚʽʙʨʘʮʽʡ. 

ʆʩʥʦʚʥʠʤ ʽ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʚʫʟʣʦʤ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʻ ʟ'ʻʜʥʫʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʚʟʘʻʤʥʝ ʟ'ʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʽʥʩʪʨʫʤʝʥʪʫ, ʘ ʡ ʞʦʨʩʪʢʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ 

ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʩʢʣʘʜʘʥʥʷ ʙʣʦʢʽʚ. ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʩʠʩʪʝʤʽ ʷʢ ʟ'ʻʜʥʫʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʮʠʣʽʥʜʨʠʯʥʠʡ 

ʩʪʨʠʞʝʥʴ ʽʟ ʨʽʟʴʙʦʶ ʥʘ ʢʽʥʮʽ, ʱʦ ʩʪʠʢʫʻʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʪʚʦʨʦʤ ʽʟ ʨʽʟʴʙʦʶ. ɹʘʟʫʚʘʥʥʷ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘ ʨʝʪʝʣʴʥʦ ʦʙʨʦʙʣʝʥʠʤʠ ʪʦʨʮʝʚʠʤʠ ʧʦʚʝʨʭʥʷʤʠ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʥʮʠʧ "ʙʣʦʢʦʚʦʩʪʽ" ʧʝʚʥʦʶ ʤʽʨʦʶ ʟʘʩʪʦʩʦʚʘʥʦ ʚ ʩʠʩʪʝʤʘʭ ʜʦʧʦʤʽʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʽʟ ʧʨʠʩʪʨʦʷʤʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʪʝʣʴʥʦ ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʜʣʷ ʨʽʟʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʽʻʶ ʟ ʥʘʡʜʦʩʢʦʥʘʣʽʰʠʭ ʩʠʩʪʝʤ ʜʣʷ 

ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʻ, ʟʦʢʨʝʤʘ, ʩʠʩʪʝʤʘ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʢʦʥʮʝʨʥʫ "ʉʘʥʜʚʽʢ" (Sandvik, 

ʐʚʝʮʽʷ) (ʨʠʩ. 1.10). ʋʩʽ ʨʽʟʮʝʚʽ ʤʦʜʫʣʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʙʘʟʦʚʽ ʧʦʚʝʨʭʥʽ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʦʪʚʦʨʦʤ ʽ ʧʘʟʦʤ ʫ 

ʩʝʨʝʜʠʥʽ ʭʚʦʩʪʦʚʠʢʘ (ʨʠʩ. 1.10, ʘ). ʇʽʜ ʯʘʩ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʦʜʫʣʷ 1 ʫ ʛʥʽʟʜʦ ʦʧʨʘʚʢʠ 3 (ʟʚʝʨʭʫ ʚʥʠʟ) ʙʣʦʢ 

ʧʦʚʝʨʭʥʷʤʠ ʚʠʩʪʫʧʫ ɸ ʙʘʟʫʻʪʴʩʷ ʚ ʧʨʷʤʦʢʫʪʥʦʤʫ ʛʥʽʟʜʽ ʦʧʨʘʚʢʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʮʠʣʽʥʜʨʠʯʥʠʡ ʦʪʚʽʨ ʽ ʧʘʟ 

ʤʦʜʫʣʷ ʚʭʦʜʠʪʴ ʬʽʛʫʨʥʠʡ ʚʠʩʪʫʧ ʪʷʛʠ 2 (ʨʠʩ. 1.10, ʙ). ʇʽʜ ʯʘʩ ʟʤʽʱʝʥʥʷ ʪʷʛʠ 2 ʧʽʜ ʜʽʻʶ ʩʠʣʠ Q ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʢʨʽʧʣʝʥʥʷ ʤʦʜʫʣʷ ʚ ʛʥʽʟʜʽ ʦʧʨʘʚʢʠ 3 (ʨʠʩ. 1.10, ʚ). 
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ʈʠʩ. 10 ï ʈʽʟʮʝʚʠʡ ʤʦʜʫʣʴ (ʘ) ʽ ʩʭʝʤʘ ʡʦʛʦ ʢʨʽʧʣʝʥʥʷ ʥʘ ʙʘʟʦʚʽʡ ʦʧʨʘʚʮʽ (ʙ) 

 

ʋ ʟʚ'ʷʟʢʫ ʽʟ ʧʦʷʚʦʶ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ, ʦʙ'ʻʜʥʘʥʥʷʤ ʾʭ ʫ ɻɺʉ, ʚʠʥʠʢʣʘ ʧʦʪʨʝʙʘ ʚ ʩʠʩʪʝʤʘʭ ʤʦʜʫʣʴʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ. ʋ 80-ʭ ʨʦʢʘʭ ʧʨʦʚʽʜʥʽ ʟʘʨʫʙʽʞʥʽ ʬʽʨʤʠ ʨʦʟʨʦʙʠʣʠ ʥʦʚʝ ʧʦʢʦʣʽʥʥʷ ʙʣʦʯʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ ʽ ʦʙʨʦʙʥʠʭ ʮʝʥʪʨʽʚ ʫ ʛʥʫʯʢʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʣʝʢʩʘʭ [8]. 

ʌʽʨʤʦʶ "Hertel" ʨʦʟʨʦʙʣʝʥʦ ʦʨʠʛʽʥʘʣʴʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʩʠʩʪʝʤʫ "Hertel-FT", ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʤʦʜʫʣʽʚ ʽ ʪʨʠʤʘʯʢʦʚʦʾ ʯʘʩʪʠʥʠ (ʨʠʩ. 11). ʄʦʜʫʣʴ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ ʜʝʨʞʘʚʢʦʶ ʰʣʷʭʦʤ 

ʟʘʯʝʧʣʝʥʥʷ ʜʚʦʭ ʧʣʦʩʢʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 3, ʦʜʝʨʞʫʚʘʥʠʭ ʩʧʦʩʦʙʦʤ ʭʦʣʦʜʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ. ɺ ʦʩʴʦʚʦʤʫ 

ʥʘʧʨʷʤʢʫ ʤʦʜʫʣʴ ʟʘʪʷʛʫʻʪʴʩʷ ʮʘʥʛʦʶ 4, ʷʢʘ ʧʝʣʶʩʪʢʘʤʠ ʩʢʣʘʜʥʦʛʦ ʧʨʦʬʽʣʶ ʟʘʭʦʧʣʶʻ ʤʦʜʫʣʴ 1. ɿʘ 

ʜʦʧʦʤʦʛʦʶ ʪʷʛʠ 5 ʮʘʥʛʘ 4 ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʫ ʪʨʠʤʘʯʢʦʚʦʾ ʯʘʩʪʠʥʠ 2, ʪʷʛʥʫʯʠ ʟʘ ʩʦʙʦʶ ʤʦʜʫʣʴ 1. 

ʇʝʨʝʭʽʜ ʥʘ ʮʶ ʩʠʩʪʝʤʫ ʟʙʽʣʴʰʠʪʴ ʚʘʨʪʽʩʪʴ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʥʘ (40 é 60)%, ʙʦ ʤʦʜʫʣʽ ʩʢʣʘʜʥʽʰʽ ʡ 

ʪʦʯʥʽʰʽ ʟʘ ʩʪʘʥʜʘʨʪʥʽ ʨʽʟʮʽ. 

 
 

1 ï ʤʦʜʫʣʴ, 2 ï ʮʠʣʽʥʜʨʠʯʥʘ ʮʘʧʬʘ, 3 ï ʪʷʛʘ, 4 ï ʰʪʽʬʪ, 5 ï ʢʽʣʴʮʝʚʘ ʚʠʪʦʯʢʘ 

 

ʈʠʩ. 11 ï ʂʦʥʩʪʨʫʢʮʽʾ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ "Hertel" 

 

ʋ ʩʠʩʪʝʤʽ "Multiflex" ʬʽʨʤʠ "Widia-Krupp" (ʌʈʅ) ʟʤʽʥʥʽ ʤʦʜʫʣʽ ʤʘʶʪʴ ʮʠʣʽʥʜʨʠʯʥʽ ʪʘ ʪʦʨʮʝʚʽ ʙʘʟʦʚʽ 

ʧʦʚʝʨʭʥʽ (ʨʠʩ. 12). ʅʘ ʢʽʥʮʽ ʜʝʨʞʘʚʢʠ ʚʠʢʦʥʘʥʦ ʮʠʣʽʥʜʨʠʯʥʫ ʮʘʧʬʫ 2, ʷʢʘ ʚʭʦʜʠʪʴ ʚ ʦʪʚʽʨ ʢʦʨʧʫʩʫ ʟʤʽʥʥʦʛʦ 

ʤʦʜʫʣʷ 1. ɺ ʦʪʚʦʨʽ ʮʘʧʬʠ ʨʦʟʤʽʱʝʥʘ ʮʝʥʪʨʘʣʴʥʘ ʪʷʛʘ 3, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʯʦʪʠʨʤʘ ʰʪʠʬʪʘʤʠ 4, 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʧʦʭʠʣʦ ʜʦ ʦʩʽ ʪʷʛʠ. ʇʽʜ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʪʷʛʠ ʰʪʠʬʪʠ ʚʟʘʻʤʦʜʽʶʪʴ ʽʟ ʢʽʣʴʮʝʚʦʶ ʚʠʪʦʯʢʦʶ 5 

ʚ ʦʪʚʦʨʽ ʤʦʜʫʣʷ ʽ ʟʘʢʨʽʧʣʶʶʪʴ ʾʾ ʥʘ ʮʘʧʬʽ ʜʝʨʞʘʚʢʠ, ʧʽʜʪʷʛʫʶʯʠ ʤʦʜʫʣʴ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʫʧʦʨʫ ʚ 

 

1 2 4 3 
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ʪʦʨʝʮʴ. 

ʅʠʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʭʚʦʩʪʦʚʠʢʦʤ [8] 

ʜʣʷ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʽʟ ʏʇʋ ʤʦʜ. 16ʂ20ʊ1ʌ3, 1ʇ756ʄʌ3 ʪʦʱʦ (ʨʠʩ. 13). ʋ ʨʦʟʛʣʷʥʫʪʽʡ ʩʠʩʪʝʤʽ ʚʩʽ 

ʨʽʟʮʝʪʨʠʤʘʯʽ ʙʘʟʫʶʪʴʩʷ ʧʦ ʮʠʣʽʥʜʨʫ ʭʚʦʩʪʦʚʠʢʘ (ʟ ʨʠʬʣʝʥʥʷʤʠ ʧʦ ʣʠʩʮʽ), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʫ ʢʫʪʦʚʫ 

ʫʩʪʘʥʦʚʢʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʽ ʰʪʠʬʪʦʤ. ʊʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ ʢʨʽʧʠʪʴʩʷ ʚ ʨʝʚʦʣʴʚʝʨʥʽʡ ʛʦʣʽʚʮʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʠʥʘ, 

ʱʦ ʪʘʢʦʞ ʤʘʻ ʨʠʬʣʝʥʥʷ, ʘʣʝ ʟʤʽʱʝʥʽ ʱʦʜʦ ʨʠʬʣʝʥʴ ʭʚʦʩʪʦʚʠʢʘ. ʈʽʟʮʝʪʨʠʤʘʯʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʢʨʽʧʣʝʥʥʷ 

ʨʽʟʮʽʚ ʟ ʧʝʨʝʨʽʟʦʤ 16³16 ʜʦ 40³40 ʤʤ. 

 

 
 

1 ï ʤʦʜʫʣʴ, 2 ï ʜʝʨʞʘʚʢʘ, 3 ï ʧʣʦʩʢʝ ʟʫʙʯʘʩʪʝ ʢʦʣʝʩʦ, 4 ï ʮʘʥʛʘ, 5 ï ʪʷʛʘ 

 

ʈʠʩ. 12 ï ʂʦʥʩʪʨʫʢʮʽʾ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ "Widia-Krupp" 

 

 
 

ʈʠʩ. 13 ï  ʉʠʩʪʝʤʘ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʭʚʦʩʪʦʚʠʢʦʤ 

 

ɼʣʷ ʚʝʨʩʪʘʪʽʚ ʽʟ ʏʇʂ ʤʦʜʝʣʝʡ 1ɸ734ʌ3, 16ʂ30ʌ3 ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʙʘʟʫʚʘʥʥʷʤ 

ʧʨʠʟʤʦʶ (ʨʠʩ. 14). 

ʇʨʠʥʮʠʧʠ ʟʘʢʨʽʧʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠʡʥʷʪʽ ʪʘʢʠʤʠ ʩʘʤʠʤʠ, ʷʢ ʜʣʷ ʨʽʟʮʝʪʨʠʤʘʯʽʚ ʽʟ ʮʠʣʽʥʜʨʠʯʥʠʤ 

ʭʚʦʩʪʦʚʠʢʦʤ. ɺʽʜʤʽʥʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʟʮʝʪʨʠʤʘʯʽʚ ʟ ʧʨʠʟʤʦʶ, ʱʦ ʙʘʟʫʻ, ʻ ʪʝ, ʱʦ ʚ ʥʠʭ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʷʢ ʧʨʘʚʽ, ʪʘʢ ʽ ʣʽʚʽ ʨʽʟʮʽ. ʈʽʟʮʝʪʨʠʤʘʯʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʢʨʽʧʣʝʥʥʷ ʨʽʟʮʽʚ ʟ ʧʝʨʝʨʽʟʦʤ ʜʝʨʞʘʚʢʠ 

16³16 ʜʦ 40³40 ʤʤ. ɽʅɯʄʉʦʤ (ʤ. ʄʦʩʢʚʘ) ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ 

 

1 2 

4 

3 

5 
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[8]. ɼʦ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʙʽʨ ʦʩʥʦʚʥʠʭ ʦʧʨʘʚʦʢ ʽʟ ʚʽʜʧʦʚʽʜʥʠʤ ʭʚʦʩʪʦʚʠʢʦʤ: ʘʙʦ ʟ ʢʦʥʫʩʥʽʩʪʶ 

7:24, ʘʙʦ ʟ ʨʦʟʤʽʨʘʤʠ (ʟʘ ɯʉʆ) 30, 40, 45, 50, 60 (ʨʠʩ. 15). ɯʥʩʪʨʫʤʝʥʪʠ ʟ ʢʦʥʽʯʥʠʤ ʭʚʦʩʪʦʚʠʢʦʤ ʤʦʞʥʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʦʧʨʘʚʮʽ ʘʙʦ ʯʝʨʝʟ ʧʝʨʝʭʽʜʥʽ ʚʪʫʣʢʠ. ʇʝʨʝʭʽʜʥʽ ʦʧʨʘʚʢʠ, ʟʘʢʨʽʧʣʝʥʽ ʚ ʙʘʟʦʚʽʡ 

ʦʧʨʘʚʮʽ, ʜʘʶʪʴ ʟʤʦʛʫ ʨʝʛʫʣʶʚʘʪʠ ʚʠʣʽʪ ʽʥʩʪʨʫʤʝʥʪʘ. 

 

 
 

ʈʠʩ. 15 ï ʉʠʩʪʝʤʘ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʙʘʟʦʶ-ʧʨʠʟʤʦʶ, ʱʦ ʙʘʟʫʻʪʴʩʷ 

 

ʎʷ ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʩʚʝʨʜʣʠʣʴʥʦ-ʬʨʝʟʝʨʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʨʫʧʠ. ɺʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ 

ʩʠʩʪʝʤʠ ʢʨʽʧʣʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦ ʢʦʨʧʫʩʫ ʜʝʨʞʘʚʢʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʩʝʨʝʜʥʽʭ ʪʦʢʘʨʥʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ ʜʣʷ ʥʘʧʽʚʯʠʩʪʦʚʦʾ ʽ ʯʠʩʪʦʚʦʾ ʦʙʨʦʙʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʢʦʨʦʪʢʦʟʘʪʠʩʢʥʽ ʨʽʟʮʝʪʨʠʤʘʯʽ [8]. ʈʽʟʮʝʪʨʠʤʘʯ ʟʘʙʝʟʧʝʯʝʥʠʡ ʮʠʣʽʥʜʨʠʯʥʦʶ 

ʚʢʣʘʜʢʦʶ ʟ ʦʪʚʦʨʘʤʠ, ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʚʦʨʦʪʫ ʚ ʦʪʚʦʨʽ, ʚʠʢʦʥʘʥʦʤʫ ʚ ʦʩʥʦʚʽ, ʘ ʮʠʣʽʥʜʨʠʯʥʽ 

ʛʘʡʢʠ ʚ ʦʪʚʦʨʽ ʚʢʣʘʜʢʠ ʧʝʨʝʜʘʶʪʴ ʥʘ ʥʝʾ ʧʨʦʪʠʣʝʞʥʽ ʤʦʤʝʥʪʠ ʩʠʣ (ʨʠʩ. 1.16). 

 

 
 

ʈʠʩ. 16 ï ʉʠʩʪʝʤʘ ʽʥʩʪʨʫʤʝʥʪʫ ʟ ʢʦʥʽʯʥʠʤ ʭʚʦʩʪʦʚʠʢʦʤ 



ISSN 2079ï004ʍ(Print), ISSN 2786ï7587(Online). ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2023.ˉ2 (8) 26 

 

ʂʦʨʦʪʢʦʟʘʪʠʩʢʥʽ ʨʽʟʮʝʪʨʠʤʘʯʽ ʧʨʠʟʥʘʯʝʥʽ ʪʽʣʴʢʠ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʽʟ ʏʇʂ, ʤʘʶʪʴ ʥʠʟʴʢʫ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʽ 

ʥʝ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ʽʟ ʨʫʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

ʋ ɼʦʥʙʘʩʴʢʽʡ ʜʝʨʞʘʚʥʽʡ ʤʘʰʠʥʦʙʫʜʽʚʥʽʡ ʘʢʘʜʝʤʽʾ (ɼɼʄɸ) ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʨʽʟʮʽʚ ʜʣʷ ʚʘʞʢʠʭ 

ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟʘ ʫʯʘʩʪʶ ʘʚʪʦʨʘ [9, 10], ʦʩʥʦʚʦʶ ʷʢʦʾ ʻ ʙʣʦʢ (ʨʠʩ. 17). ɺʠʙʽʨ ʙʣʦʢʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʫʤʦʚʣʝʥʠʡ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʚʠʜʢʦʾ ʟʤʽʥʠ ʨʦʙʦʯʦʾ ʯʘʩʪʠʥʠ (ʟʘʤʽʥʶʚʘʪʠ ʚʝʩʴ ʨʽʟʝʮʴ ʚʘʞʢʦ ʫ 

ʟʚ'ʷʟʢʫ ʟ ʡʦʛʦ ʚʝʣʠʢʦʶ ʤʘʩʦʶ). ʅʝʜʦʣʽʢʦʤ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʻ ʩʘʤʦʟʘʢʣʠʥʶʚʘʣʴʥʝ ʟ'ʻʜʥʘʥʥʷ (ʣʘʩʪʽʚʯʠʥ 

ʭʚʽʩʪ), ʨʦʟʪʘʰʦʚʘʥʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ɼʣʷ ʟʤʽʥʠ ʙʣʦʢʫ ʥʝʦʙʭʽʜʥʝ ʚʝʣʠʢʝ ʟʫʩʠʣʣʷ ʜʣʷ ʚʠʙʠʚʘʥʥʷ ʡʦʛʦ ʟ ʢʦʨʧʫʩʫ 

ʨʽʟʮʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʦʨʤʘʮʽʾ ʢʦʨʧʫʩʫ ʽ ʧʦʣʦʤʦʢ ʢʨʽʧʠʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʚʝʨʜʦʩʧʣʘʚʥʦʾ ʧʣʘʩʪʠʥʠ. 

ɼʨʫʛʠʤ ʥʝʜʦʣʽʢʦʤ ʩʠʩʪʝʤʠ ʻ ʥʠʟʴʢʘ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʥʘ ʦʜʥʽʡ ʜʝʨʞʘʚʮʽ ʤʦʞʥʘ ʢʨʽʧʠʪʠ ʪʽʣʴʢʠ 

ʙʣʦʢʠ ʣʽʚʦʛʦ ʘʙʦ ʧʨʘʚʦʛʦ ʚʠʢʦʥʘʥʥʷ. ʎʝ ʦʙʤʝʞʫʻ ʩʬʝʨʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ. 

 
 

 
 

ʈʠʩ. 17 ï ʉʠʩʪʝʤʘ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʽʚ: 

1 - ʙʣʦʢ, 2 ï ʜʝʨʞʘʚʢʘ 

 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʷʚʥʠʭ ʩʠʩʪʝʤ ʟʙʽʨʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʘʻ ʟʤʦʛʫ ʜʽʡʪʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʝ 

ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʩʠʩʪʝʤ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ, ʟʜʘʪʥʠʭ 

ʚʠʪʨʠʤʫʚʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ 100 000 ʅ, ʷʢʽ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ ʞʦʨʩʪʢʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ. 

ʅʘ ʩʪʘʜʽʾ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʤʦʜʫʣʴʥʠʭ ʨʽʟʮʽʚ ʚʘʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʞʦʨʩʪʢʽʩʪʴ ʽ 

ʤʽʮʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ. ɼʦʩʣʽʜʞʝʥʥʶ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʨʽʟʘʣʴʥʦʛʦ ʢʣʠʥʘ 

ʽʥʩʪʨʫʤʝʥʪʫ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ ʄ.ʇ. ʄʘʟʫʨʘ, ɺ.ɸ. ɻʨʝʯʠʰʥʠʢʦʚʘ ʪʘ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ [11, 12]. ɸʚʪʦʨʠ ʷʢ ʨʦʟʨʘʭʫʥʢʦʚʫ ʩʭʝʤʫ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʽʟʘʣʴʥʠʡ ʢʣʠʥ ʧʨʦʩʪʦʾ ʘʙʦ ʩʢʣʘʜʥʦʾ 

ʬʦʨʤʠ, ʥʘʚʘʥʪʘʞʝʥʠʡ ʩʢʣʘʜʦʚʠʤʠ ʩʠʣʠ ʨʽʟʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʙʣʠʟʴʢʦʩʪʽ ʚʽʜ ʚʝʨʰʠʥʠ ʢʣʠʥʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʨʽʟʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʫʤʦʚʥʦ 

ʨʦʟʙʠʚʘʚʩʷ ʥʘ ʢʽʥʮʝʚʽ ʝʣʝʤʝʥʪʠ, ʪʦʯʢʠ, ʟ'ʻʜʥʘʥʥʷ ʷʢʠʭ, ʥʘʟʠʚʘʶʪʴʩʷ ʚʫʟʣʦʚʠʤʠ ʪʦʯʢʘʤʠ. 

ʋ ʮʴʦʤʫ ʨʘʟʽ ʙʫʜʴ-ʷʢʘ ʩʢʣʘʜʥʘ ʽ ʬʘʩʦʥʥʘ ʬʦʨʤʘ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʤʦʞʝ ʙʫʪʠ ʨʦʟʙʠʪʘ ʥʘ ʝʣʝʤʝʥʪʠ 

ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ. ʇʨʦʬʝʩʦʨ ɺ.ɸ. ʆʩʪʘʬ'ʻʚ ʫ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʜʦʩʣʽʜʞʫʚʘʚ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʧʦʢʘʟʘʚ, ʱʦ ʟʤʽʥʘ 

ʥʘʚʘʥʪʘʞʝʥʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. ʇʦʷʚʘ ʬʘʩʢʠ ʟʥʦʩʫ ʥʘ ʟʘʜʥʽʡ 

ʛʨʘʥʽ, ʟʙʽʣʴʰʝʥʥʷ ʨʘʜʽʫʩʘ ʟʘʦʢʨʫʛʣʝʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʪʘʢʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʟʘʜʥʽʡ 

ʛʨʘʥʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ. ʈʦʟʨʘʭʫʥʢʠ ʥʘʧʨʫʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʤʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʦʩʝʨʝʜʞʫʶʪʴʩʷ ʙʽʣʷ ʧʝʨʝʜʥʴʦʾ ʛʨʘʥʽ ʙʽʣʷ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ.  

ʅ.ʉ. ʈʘʚʩʴʢʘ, ʂ.ʅ. ʈʫʜʘʢʦʚ, ʆ.ʄ. ʅʦʚʽʢʦʚ [13] ʜʦʩʣʽʜʞʫʚʘʣʠ ʨʽʟʘʣʴʥʠʡ ʟʫʙ ʚʽʜʨʽʟʥʦʾ ʣʘʥʮʶʛʦʚʦʾ ʧʠʣʢʠ, 

ʨʦʟʚ'ʷʟʫʶʯʠ ʧʨʠ ʮʴʦʤʫ ʪʨʠʚʠʤʽʨʥʫ ʟʘʜʘʯʫ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʗʢ ʢʨʠʪʝʨʽʾ ʤʽʮʥʦʩʪʽ ʜʣʷ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʟʫʙʘ 

ʧʠʣʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʢʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʠʭ ʦʢʪʘʝʜʨʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɼʣʷ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʫʙʘ ʚʽʜʨʽʟʥʦʾ 

ʧʠʣʢʠ ʧʽʜ ʯʘʩ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʫ 

ʬʦʨʤʽ ʧʨʷʤʦʙʽʯʥʠʭ ʧʘʨʘʣʝʣʝʧʽʧʝʜʽʚ. ɸʚʪʦʨʠ ʚʩʪʘʥʦʚʠʣʠ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʪʘ ʾʭʥʽʡ ʥʘʧʨʷʤʦʢ ʟʘ ʨʽʟʥʠʭ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʋ ʨʦʙʦʪʘʭ [13, 14] ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʘʭʦʚʘʥʦ ʥʘʧʨʫʞʝʥʥʷ ʚ ʪʚʝʨʜʦʩʧʣʘʚʥʽʡ ʨʽʟʘʣʴʥʽʡ 

ʧʣʘʩʪʠʥʽ, ʷʢʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʜʝʨʞʘʚʢʠ ʨʽʟʮʷ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜ ʢʨʽʧʣʝʥʥʷ ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ, 
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ʘ ʪʘʢʦʞ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʨʽʟʮʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʽʟʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʙʫʣʠ ʧʦʚ'ʷʟʘʥʽ ʧʝʨʝʚʘʞʥʦ ʟ 

ʨʽʟʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʨʽʟʥʠʭ ʚʠʜʽʚ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʦʪʝ ʥʝ ʜʦʩʣʽʜʞʫʚʘʣʠ ʩʪʘʥ ʩʢʣʘʜʥʠʭ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʄʽʮʥʽʩʪʴ ʨʽʟʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʞʦʨʩʪʢʦʩʪʽ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪ 

- ʧʨʠʩʪʦʩʫʚʘʥʥʷ - ʽʥʩʪʨʫʤʝʥʪ - ʜʝʪʘʣʴ ʪʘ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ. ʂʦʣʠʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʩʧʨʠʯʠʥʷʶʪʴʩʷ 

ʚʽʙʨʘʮʽʷʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. 

ʋ ʨʦʙʦʪʘʭ, ʚʠʢʦʥʘʥʠʭ ʫ ʈʋɼʅ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɸ.ɼ. ʐʫʩʪʠʢʦʚʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽ (ʚʝʨʩʪʘʪʥʽ) ʯʘʩʪʦʪʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʽʡʢʽʩʪʴ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʟʙʽʨʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʟʥʘʯʥʦ 

ʤʝʥʰʝ, ʥʽʞ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽ (ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ) ʯʘʩʪʦʪʠ ʢʦʣʠʚʘʥʴ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜ ʯʘʩ ʦʮʽʥʶʚʘʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʨʽʟʘʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʽ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʚʞʝ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʽʜ ʯʘʩ 

ʚʠʧʨʦʙʫʚʘʥʴ ʚʝʨʩʪʘʪʽʚ ʪʘ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ, - ʥʘʩʘʤʧʝʨʝʜ, ʘʤʧʣʽʪʫʜʥʦ-ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʙʘʣʘʥʩ 

ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ. ɼʠʥʘʤʽʯʥʘ ʧʦʜʘʪʣʠʚʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʽʥʬʦʨʤʘʪʠʚʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ: ʱʦ 

ʙʽʣʴʰʘ ʜʠʥʘʤʽʯʥʘ ʧʦʜʘʪʣʠʚʽʩʪʴ ʚʫʟʣʘ ʢʨʽʧʣʝʥʥʷ ʙʣʦʢʫ ʜʦ ʢʦʨʧʫʩʫ ʨʽʟʮʷ, ʪʦ ʥʠʞʯʘ ʞʦʨʩʪʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ. ʋ 

ʨʦʙʦʪʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʠʥʘʤʽʯʥʘ ʧʦʜʘʪʣʠʚʽʩʪʴ ʚʫʟʣʘ ʢʨʽʧʣʝʥʥʷ ʧʣʘʩʪʠʥʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʡʦʛʦ ʩʪʘʪʠʯʥʦʾ 

ʧʦʜʘʪʣʠʚʦʩʪʽ. ʊʘʢ, ʜʣʷ ʨʽʟʮʽʚ ʦʜʥʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟʙʽʣʴʰʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʧʦʜʘʪʣʠʚʦʩʪʽ ʚʫʟʣʘ ʢʨʽʧʣʝʥʥʷ 

ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʧʨʠʟʚʦʜʠʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʽ ʡʦʛʦ ʜʠʥʘʤʽʯʥʦʾ ʧʦʜʘʪʣʠʚʦʩʪʽ. ʅʘ ʢʘʬʝʜʨʽ 

ʪʝʭʥʦʣʦʛʽʾ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʈʋɼʅ ʨʦʟʨʦʙʣʝʥʦ ʩʪʝʥʜ ʜʣʷ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʟʙʽʨʥʠʭ ʧʨʦʭʽʜʥʠʭ ʨʽʟʮʽʚ ʽʟ 

ʧʝʨʝʨʽʟʦʤ ʜʝʨʞʘʚʢʠ ʚʽʜ 10³10 ʜʦ 40³40 ʤʤ. ʇʨʠʥʮʠʧ ʜʽʾ ʩʪʝʥʜʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʤʽʨʶʚʘʥʥʽ ʚʝʣʠʯʠʥʠ ʟʩʫʚʫ 

ʨʽʟʘʣʴʥʦʾ ʧʣʘʩʪʠʥʠ ʱʦʜʦ ʜʝʨʞʘʚʢʠ ʨʽʟʮʷ ʧʽʜ ʜʽʻʶ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʩʠʣʠ ʧʝʚʥʦʾ ʚʝʣʠʯʠʥʠ ʡ ʦʨʽʻʥʪʘʮʽʾ, ʱʦ 

ʽʤʽʪʫʻ ʩʠʣʫ ʨʽʟʘʥʥʷ. ʎʝʡ ʩʪʝʥʜ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʨʦʙʥʠʯʦʛʦ ʢʦʥʪʨʦʣʶ ʨʽʟʮʽʚ ʦʜʥʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʝʨʝʨʽʟʦʤ 

20 ʭ 20 ʤʤ ʽ ʡʦʛʦ ʥʝ ʨʝʢʦʤʝʥʜʫʶʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʽʚʥʷʣʴʥʠʭ ʦʮʽʥʦʢ ʞʦʨʩʪʢʦʩʪʽ ʨʽʟʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʨʽʟʮʽʚ, ʪʦʤʫ ʡʦʛʦ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʟʙʽʨʥʦʛʦ ʽ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʧʝʨʝʨʽʟʦʤ ʢʦʨʧʫʩʫ 80³80 ʤʤ ʽ ʙʽʣʴʰʝ. 

ɼʦʩʣʽʜʞʝʥʥʶ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʙʽʨʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʧʨʠʩʚʷʯʝʥʽ ʨʦʙʦʪʠ 

[15, 16]. 

ʋ ʪʝʦʨʽʾ ʫʭʚʘʣʝʥʥʷ ʨʽʰʝʥʴ ʽʩʥʫʻ ʪʝʨʤʽʥ "ʧʨʠʥʮʠʧ ʇʘʨʝʪʦ", ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘʜʘʯʽ ʪʨʝʙʘ ʚʠʙʨʘʪʠ ʪʽʣʴʢʠ ʪʦʡ ʚʝʢʪʦʨ ʭ, ʷʢʠʡ ʥʘʣʝʞʠʪʴ ʤʥʦʞʠʥʽ ʇʘʨʝʪʦ. ʇʨʠʥʮʠʧ 

ʇʘʨʝʪʦ ʥʝ ʚʠʜʽʣʷʻ ʻʜʠʥʦʛʦ ʨʽʰʝʥʥʷ, ʘ ʣʠʰʝ ʟʚʫʞʫʻ ʙʝʟʣʽʯ ʘʣʴʪʝʨʥʘʪʠʚ. ʆʩʪʘʪʦʯʥʠʡ ʚʠʙʽʨ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ 

ʦʩʦʙʦʶ, ʷʢʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. ɸʣʝ ʧʦʙʫʜʦʚʘ ʤʥʦʞʠʥʠ ʇʘʨʝʪʦ ʧʦʣʝʛʰʫʻ ʧʨʦʮʝʜʫʨʫ ʚʠʙʦʨʫ. ɿ ʘʥʘʣʽʟʫ 

ʣʽʪʝʨʘʪʫʨʠ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʦʜʝʨʞʫʚʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʨʽʰʝʥʥʷ ʥʝ 

ʦʜʥʦʟʥʘʯʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʗʢ ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ 

ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʜʠʪʠʚʥʫ ʟʛʦʨʪʢʫ, ʷʢʘ ʥʝ ʟʦʚʩʽʤ ʢʦʨʝʢʪʥʦ ʚʨʘʭʦʚʫʻ ʚʥʝʩʦʢ ʦʢʨʝʤʦʛʦ ʢʨʠʪʝʨʽʶ ʚ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʢʨʠʪʝʨʽʡ ʫ ʨʘʟʽ ʟʤʽʥʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʪʫʘʮʽʾ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʢʨʠʪʦ ʥʘʫʢʦʚʽ ʟʘʩʘʜʠ ʪʘ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ʨʦʟʚ'ʷʟʘʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʧʨʦʙʣʝʤʠ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʤʝʭʘʥʽʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ ʥʘ ʚʘʞʢʠʭ ʪʦʢʘʨʥʠʭ ʚʝʨʩʪʘʪʘʭ ʰʣʷʭʦʤ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʽ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʘʮʝʟʜʘʪʥʽʩʪʶ ʧʽʜ ʯʘʩ 

ʨʽʟʘʥʥʷ ʟ ʚʝʣʠʢʠʤʠ ʧʝʨʝʨʽʟʘʤʠ ʟʨʽʟʫ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʘʣʽʟʦʚʘʥʫ ʥʘ ʧʨʘʢʪʠʮʽ ʤʝʪʦʜʦʣʦʛʽʶ ʩʪʚʦʨʝʥʥʷ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ 

ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʢʦʤʧʣʝʢʩʥʫ ʢʚʘʣʽʤʝʪʨʠʯʥʫ ʦʮʽʥʢʫ ʨʽʰʝʥʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʷʢʘ ʜʘʣʘ ʟʤʦʛʫ ʨʦʟʨʦʙʠʪʠ ʛʥʫʯʢʝ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ. 

ʆʧʠʩʘʥʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʚʠʜʽʚ ʩʪʨʫʞʢʠ, ʱʦ ʦʭʦʧʣʶʻ ʜʽʘʧʘʟʦʥ ʧʘʨʘʤʝʪʨʽʚ ʟʨʽʟʫ: ʚʽʜ ʟʘʟʚʠʯʘʡ 

ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʯʠʩʪʦʚʠʭ ʜʦ ʥʘʜʚʝʣʠʢʠʭ ʯʦʨʥʦʚʠʭ. ʈʦʟʢʨʠʪʦ ʤʝʪʦʜʠʢʫ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʽ ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʨʫʞʢʦʟʘʚʠʚʘʶʯʠʭ ʢʘʥʘʚʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʝʣʝʤʝʥʪʽʚ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʚʞʠʥʠ ʨʽʟʘʣʴʥʦʾ 

ʢʨʦʤʢʠ. ʆʧʠʩʘʥʦ ʧʨʦʮʝʩ ʩʪʨʫʞʢʦʟʘʚʠʚʘʥʥʷ ʧʽʜ ʯʘʩ ʟʥʷʪʪʷ ʚʝʣʠʢʠʭ ʧʝʨʝʨʽʟʽʚ ʟʨʽʟʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʥʘʧʨʫʞʝʥʥʷ, 

ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʩʪʨʫʞʢʠ ʟ ʢʦʤʙʽʥʦʚʘʥʦʶ ʬʦʨʤʦʶ ʧʝʨʝʜʥʴʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ ʩʪʨʫʞʢʠ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ, ʽ ʟʦʥʠ ʩʪʘʙʽʣʴʥʦʛʦ ʩʪʨʫʞʢʦʜʦʚʙʘʥʥʷ.  

ʇʦʢʘʟʘʥʦ, ʱʦ ʚʠʙʽʨ ʥʘʙʦʨʫ ʢʨʠʪʝʨʽʾʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʢʦʥʢʨʝʪʥʫ 

ʚʠʨʦʙʥʠʯʫ ʩʠʪʫʘʮʽʶ, ʚʠʜʫ ʤʦʜʫʣʴʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʟʘʜʘʯʽ, ʱʦ ʚʠʨʽʰʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʧʪʠʤʽʟʘʮʽʾ. 
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ɼʆʉɺɯɼ ʉʀʅʊɽɿʋ ɹɸɻɸʊʆɯʅʉʊʈʋʄɽʅʊʅʀʍ ʅɸʃɸɼʆʂ ʋ ɿɸʉʊʆʉʋɺɸʅʅɯ ɼʆ 

ʉʋʏɸʉʅʀʍ ʋʄʆɺ 
ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʝʥʜʝʥʮʽʾ ʚʠʧʫʩʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʭ ʙʣʦʢʽʚ ʜʣʷ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʩʠʥʪʝʟʫ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʜʝʪʘʣʝʡ ʟ 

ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʩʪʦʨʽʥ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ, ʽ, ʚʽʜʧʦʚʠʜʥʦ, ʧʦʚʝʨʭʦʥʴ ʦʙʨʦʙʢʠ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʨʠ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ, 
ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʽ ʤʘʶʪʴ ʜʦʤʽʥʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʩʫʤʽʩʥʽʩʪʴ ʦʙʨʦʙʢʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʦʜʥʦʤʫ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʙʣʦʮʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʾʭ ʜʦʧʫʩʪʠʤʽ ʟʥʘʯʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʤʘʪʨʠʮʽ ʩʫʤʽʩʥʦʩʪʽ ʚʠʢʦʥʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʧʦʥʫʻʪʴʩʷ ʫʪʦʯʥʝʥʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʩʧʝʮʽʘʣʴʥʠʭ 
ʚʝʨʩʪʘʪʽʚ, ʢʦʤʧʦʥʫʚʘʥʥʷ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʚʠʢʦʥʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʪʦʛʦ, ʷʢʽ ʩʘʤʝ ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʨʝʘʣʽʟʘʮʽʾ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 
ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʶ ʢʦʤʧʦʥʦʚʢʦʶ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʟʠ ʟʥʘʥʴ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʜʫʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʽ 

ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʚʠʥʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʰʣʷʭʦʤ 
ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʝʭʘʥʽʯʥʘ ʦʙʨʘʙʦʪʢʘ, ʩʧʝʮʽʘʣʴʥʽ ʚʝʨʩʪʘʪʠ, ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʙʣʦʢ, ʩʠʥʪʝʟ ʚʘʨʽʘʥʪʽʚ, ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʠʡ 

ʧʨʠʥʮʠʧ, ʧʨʦʻʢʪʫʚʘʥʥʷ. 
 

YAKOVENKO  I ., PERMYAKOV  O., DERGOUSOV V. NAUMENKO O., JANGOLENKO J.  

EXPERIENCE OF SYNTHESIS OF MULTITOOL SETTINGS IN APPLICATION TO MODERN CONDITIONS  

The trends in the production of special equipment for mass production are analyzed and the prospects for the use of multi-tool blocks for 

such equipment are established. The questions of synthesis of variants of multi-tool machining for parts with a large number of machined sides 
and machining surfaces are considered. Three groups of factors of a technological, geometrical and technical nature are established, which have a 

dominant influence on the compatibility of machining with tools in one tool block. Their allowable values and the proposed matrix of 

compatibility of technological operations performed are established. Based on the research carried out, a refined method for the synthesis of 
multi-tool blocks of special machine tools is proposed, the layout of which is based on the maximum use of unified modules and assemblies. This 

approach does not depend on the technological operations performed and on which modules can be used for the design implementation of the 

proposed tool block layout. The proposed method is focused on the use of computer-aided design systems in the process of creating machine 
tools with an aggregate-modular layout for mass production. It is based on the wide use of the knowledge base of the technical characteristics and 

technological capabilities of the modules used and makes it possible to initially configure the synthesis system for specific tasks solved at the 

enterprise by establishing admissible boundary parameters. 
Keywords: mechanical processing, special machines, tool block, synthesis of options, aggregate-modular principle, design. 

 

ɺʩʪʫʧ. ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʟʘʛʘʣʦʤ ʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʩʪʽʡʥʦʤʫ 

ʟʨʦʩʪʘʥʥʽ ʚʠʤʦʛ ʜʦ ʜʠʟʘʡʥʝʨʩʴʢʠʭ, ʝʨʛʦʥʦʤʽʯʥʠʭ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʪʣʽ ʧʦʩʪʽʡʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚ ʦʩʥʦʚʥʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʤʦʨʘʣʴʥʦʛʦ ʩʪʘʨʽʥʥʷ ʚʠʧʫʱʝʥʠʭ ʤʦʜʝʣʝʡ ʪʘ 

ʧʦʷʚʠ ʥʘ ʧʨʦʤʠʣʦʚʦʤʫ ʨʠʥʢʫ ʥʦʚʠʭ ʢʦʥʢʫʨʝʥʪʥʠʭ ʚʠʨʦʙʽʚ. ʎʴʦʤʫ ʩʧʨʠʷʻ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʙʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ, ʘ ʟ ʽʥʰʦʛʦ, ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʪʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʫ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʤʘʰʠʥ ʪʘ ʚʠʨʦʙʽʚ. ʅʝ ʤʦʞʥʘ ʥʝ ʚʽʜʟʥʘʯʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʚʩʽ ʢʦʤʧʘʥʽʾ ʚʠʨʦʙʥʠʢʠ ʪʦʚʘʨʥʦʾ ʧʨʦʜʫʢʮʽʾ ʧʨʘʛʥʫʪʴ ʷʢʥʘʡʰʚʠʜʰʝ ʜʦʩʷʛʪʠ ʥʘʩʠʯʝʥʥʷ ʨʠʥʢʫ, ʧʦʢʠ 

ʢʦʥʢʫʨʝʥʪʠ ʥʝ ʚʠʡʰʣʠ ʥʘ ʨʠʥʦʢ ʟ ʥʦʚʠʤʠ, ʧʨʦʛʨʝʩʠʚʥʽʰʠʤʠ ʤʦʜʝʣʷʤʠ ʚʠʨʦʙʽʚ, ʪʦʙʪʦ ʧʨʦʛʥʦʟʦʚʘʥʘ 

ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʦʩʪʽʡʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ. 

ʊʘʢʠʡ ʨʦʟʚʠʪʦʢ ʚʠʨʦʙʥʠʮʪʚʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʜʽʘʣʝʢʪʠʯʥʦʛʦ ʧʨʦʪʠʨʽʯʯʷ çʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ï 

ʪʝʭʥʦʣʦʛʽʯʥʘ ʛʥʫʯʢʽʩʪʴè ʫ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʽʥʜʠʚʽʜʫʘʣʴʥʦ. ʎʠʤ ʧʦʷʩʥʶʻʪʴʩʷ ʪʦʡ ʬʘʢʪ, ʱʦ 

ʧʦʨʷʜ ʽʟ ʧʦʩʪʽʡʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʚʠʧʫʩʢʫ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʙʘʟʫʻʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤʫ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʜʥʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʛʥʫʯʢʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, ʜʦʩʽ 

ʚʠʧʫʩʢʘʻʪʴʩʷ ʪʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʚʠʩʦʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ, ʪʦʙʪʦ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʦʙʨʦʙʢʠ (ʭʦʯʘ ʚ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʦʙʩʷʛʘʭ 

ʽ ʙʽʣʴʰ ʧʨʦʛʨʝʩʠʚʥʦʤʫ ʢʦʤʧʦʥʫʚʘʥʥʽ, ʥʽʞ ʚ ʝʧʦʭʫ çʘʚʪʦʤʘʪʠʟʘʮʽʾ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘè ʫ 70-80-ʪʽ ʨʦʢʠ 

ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ). 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʤʘʶʪʴ ʜʦʤʽʥʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʧʨʦʮʝʩ ʩʠʥʪʝʟʫ 

ʩʪʨʫʢʪʫʨ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ 

ʢʦʤʧʦʥʝʪʠʢʠ, ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ CALS-ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʦʙʢʠ ʫ 

ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʱʦ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʘʛʨʝʛʘʪʫʚʘʥʥʷ ʪʘ ʤʦʜʫʣʴʥʦʛʦ 

ʢʦʤʧʦʥʫʚʘʥʥʷ. 

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ʇʝʨʝʭʽʜ ʚʽʜ ʤʘʩʦʚʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 

ʰʠʨʦʢʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʛʨʝʛʘʪʥʠʭ ʚʝʨʩʪʘʪʽʚ ʪʘ ʘʚʪʦʤʘʪʠʯʥʠʭ ʣʽʥʽʡ ʽʟ ʞʦʨʩʪʢʠʤ ʟʚ'ʷʟʢʦʤ ʜʦ ʙʽʣʴʰ 

ʩʫʯʘʩʥʦʛʦ ʛʥʫʯʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʨʘʭʫʥʦʢ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʪʘ 

ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʋ, ʧʦʚʥʽʩʪʶ ʥʝ ʚʠʢʣʶʯʠʚ ʽʥʪʝʨʝʩ ʤʘʰʠʥʦʙʫʜʽʚʥʠʢʽʚ ʜʦ ʚʠʧʫʩʢʫ ʘʛʨʝʛʘʪʥʠʭ 

ʚʝʨʩʪʘʪʽʚ [1,2] . ɯʥʪʝʨʝʩ ʜʦ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʽʜʢʨʝʩʣʶʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʨʽʤ ʪʨʘʜʠʮʽʡʥʠʭ ʬʽʨʤ, ʷʢʽ ʤʘʶʪʴ 

ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʥʘʜ 40-50 ʨʦʢʽʚ [3,4,5,6] ʥʘ ʨʠʥʦʢ ʚʠʭʦʜʷʪʴ ʽ ʤʦʣʦʜʽ ʢʦʤʧʘʥʽʾ, 

ʚʠʨʦʙʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʜʣʷ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ (ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ, 

ʘʝʨʦʢʦʩʤʽʯʥʦʾ, ʩʘʥʪʝʭʥʽʯʥʦʾ, ʬʽʪʠʥʛʦʚʦʾ ʛʘʣʫʟʝʡ ʚʠʨʦʙʥʠʮʪʚʘ) [7,8,9], ʷʢʽ ʢʨʽʤ ʚʠʨʦʙʥʠʮʪʚʘ 

É ɯ.ɽ. ʗʢʦʚʝʥʢʦ, ʆ. ɸ. ʇʝʨʤʷʢʦʚ, ɺ.ʄ. ɼʝʨʛʦʫʩʦʚ, ʆ.ɸ. ʅʘʫʤʝʥʢʦ., ʗ.ɸ. ʗʥʛʦʣʝʥʢʦ. 2023 
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ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʢʣʘʩʠʯʥʦʾ ʦʜʥʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʦʩʚʦʾʣʠ ʽ ʚʠʧʫʩʢ ʚʝʨʩʪʘʪʽʚ ʟ ʚʠʩʦʢʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʦʧʝʨʘʮʽʡ ʟʘ ʨʘʭʫʥʦʢ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʟʠʮʽʡʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ 

[10,11]. ɺʝʣʠʢʘ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʧʦʢʫʧʮʽʚ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʧʦʷʩʥʶʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 

ʧʨʦʧʦʥʦʚʘʥʠʭ ʩʠʩʪʝʤ (ʚʽʜ 3 ʜʦ 100 ʤʣʥ. ʩʝʨʜʝʯʥʠʢʽʚ ʮʠʣʽʥʜʨʽʚ ʟʘʤʢʽʚ ʥʘ ʨʽʢ, ʨʠʩ.1.) [6] ʪʘ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʦʙʣʘʜʥʘʥʥʷ (ʙʽʣʴʰʝ 10000000 ʬʫʥʪʽʚ, ʨʠʩ.2.), ʚʠʩʦʢʦʶ ʝʢʦʥʦʤʽʯʥʦʶ ʝʬʝʢʪʠʚʥʽʩʪʶ 

(ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʜʝʪʘʣʽ ʟʥʠʞʫʻʪʴʩʷ ʚ 1,9 ʨʘʟʘ ʧʦʨʽʚʥʷʥʦ ʟ ʚʘʨʽʘʥʪʦʤ ʦʙʨʦʙʢʠ ʥʘ ʙʘʛʘʪʦʮʽʣʴʦʚʠʭ 

ʚʝʨʩʪʘʪʘʭ ʟ ʏʇʋ) [3]. 

 

   
 

 
ʈʠʩ. 1 ï  ɺʝʨʩʪʘʪ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ Variomatic T3i ʜʣʷ ʦʙʨʦʙʢʠ ʩʝʨʜʝʯʥʠʢʘ ʮʠʣʽʥʜʨʘ 

 

 
ʈʠʩ. 2 ï ɹʘʛʘʪʦʰʧʠʥʜʝʣʴʥʠʡ ʪʦʢʘʨʥʠʡ ʘʚʪʦʤʘʪ INDEX MS32-6 ʬʽʨʤʠ Kingsbury 

 

ʆʯʝʚʠʜʥʦ, ʱʦ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʚʝʨʩʪʘʪʽʚ ʧʦʚ'ʷʟʘʥʝ ʥʝ ʣʠʰʝ ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʚʠʩʦʢʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʘ 

ʡ ʛʥʫʯʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʜʦʩʷʛʥʝʥʴ ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ ʢʦʤʧʦʥʝʪʠʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʩʽ 

ʚʝʨʩʪʘʪʠ ʬʽʨʤʠ Variomatic ʦʩʥʘʱʝʥʽ ʩʠʣʦʚʠʤʠ ʤʦʜʫʣʷʤʠ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 14 ʢɺʪ ʽ ʘʚʪʦʥʦʤʥʦʶ ʩʠʩʪʝʤʦʶ 

ʢʝʨʫʚʘʥʥʷ, ʱʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʝʣʝʤʝʥʪʘʤʠ ʤʝʭʘʥʽʯʥʦʾ ʢʫʣʘʯʢʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʫ 

ʜʦʟʚʦʣʷʻ ʜʦʩʠʪʴ ʰʚʠʜʢʦ ʽ ʙʝʟ ʦʩʦʙʣʠʚʠʭ ʟʫʩʠʣʴ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʚʠʧʫʩʢ ʽʥʰʦʾ 

ʜʝʪʘʣʽ ʜʘʥʦʛʦ ʪʠʧʫ [6]. ʆʯʝʚʠʜʥʦ, ʱʦ ʤʝʭʘʪʨʦʥʥʽ ʤʦʜʫʣʽ ʪʘ ʤʝʭʘʪʨʦʥʥʽ ʚʫʟʣʠ ʻ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʙʘʟʦʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʱʦʜʦ ʛʥʫʯʢʦʛʦ ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʦʜʥʠʤ ʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʧʨʠʥʮʠʧʽʚ ʧʦʙʫʜʦʚʠ ʷʢʦʛʦ ʻ ʘʚʪʦʥʦʤʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʩʢʣʘʜʘʥʥʷ ʪʘ 
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ʥʘʣʘʛʦʜʞʝʥʥʷ ʫʥʽʬʽʢʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʽ, ʟʨʝʰʪʦʶ, ʚʩʴʦʛʦ ʚʝʨʩʪʘʪʘ, ʩʢʦʤʧʦʥʦʚʘʥʦʛʦ ʥʘ ʾʭ ʙʘʟʽ. ɿʘʨʘʟ ʧʨʘʢʪʠʯʥʦ 

ʚʩʽ ʚʠʨʦʙʥʠʢʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʶ ʢʦʥʮʝʧʮʽʶ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʝʨʩʪʘʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ 

ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ, ʱʦ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ, ʧʦʚ'ʷʟʘʥʠʭ ʩʘʤʝ ʟ ʨʦʟʛʣʷʥʫʪʦʶ ʚʠʱʝ ʦʧʪʠʤʽʟʘʮʽʻʶ 

ʪʘ ʚʽʜʧʨʘʮʶʚʘʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʡ ʩʠʣʦʚʠʭ ʤʦʜʫʣʽʚ, ʩʢʦʨʦʯʝʥʥʷʤ ʪʝʨʤʽʥʽʚ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʽʥ. 

ʆʨʛʘʥʽʟʘʮʽʷ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ, 

ʪʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ. ʇʠʪʘʥʥʷʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʟʘʡʤʘʣʠʩʷ ʙʘʛʘʪʦ 

ʚʯʝʥʠʭ ʪʘ ʥʘʫʢʦʚʠʭ ʰʢʽʣ [12,13,14,15]. ʊʘʢ ʚ ʨʦʙʦʪʽ [12] ʨʦʟʛʣʷʜʘʣʠʩʷ ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʧʝʨʝʚʘʞʥʦ ʦʜʥʦʛʦ ʪʠʧʫ ʚʠʢʦʥʫʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ï ʪʦʢʘʨʥʦʛʦ. 

ʇʨʠ ʮʴʦʤʫ ʨʦʟʛʣʷʜʘʣʠʩʷ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʙ'ʻʜʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʦʜʠʥ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʙʣʦʢ, ʱʦ ʦʙʤʝʞʫʶʪʴʩʷ ʷʢ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ, ʪʘʢ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ. ʆʜʥʘʢ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʙ'ʻʜʥʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʝʨʝʭʦʜʠ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʚ ʦʜʥʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʫ ʥʘʣʘʛʦʜʞʝʥʥʷ, ʥʝ ʨʦʟʛʣʷʜʘʣʠʩʷ. ʋ ʨʦʙʦʪʽ [13] ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ ʧʨʠ ʦʙʨʦʙʮʽ ʨʽʟʥʦʤʘʥʽʪʥʠʤ ʦʩʴʦʚʠʤ ʨʽʞʫʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʜʣʷ ʘʛʨʝʛʘʪʥʠʭ ʚʝʨʩʪʘʪʽʚ ʟ ʞʦʨʩʪʢʠʤ ʢʽʥʝʤʘʪʠʯʥʠʤ ʟʚ'ʷʟʢʦʤ, ʧʨʠ ʮʴʦʤʫ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ 

ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʥʫʯʢʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʥʝ ʙʫʣʠ ʧʦʨʫʰʝʥʽ. ʊʘʢʦʞ ʙʫʣʠ 

ʜʝʪʘʣʴʥʦ ʨʦʟʛʣʷʥʫʪʽ ʪʘ ʟʛʨʫʧʦʚʘʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʪʘ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʛʦ ʚʝʨʩʪʘʪʘ ʚ ʮʽʣʦʤʫ, ʷʢʽ, ʧʨʦʪʝ, ʨʦʟʛʣʷʜʘʶʪʴ 

ʣʠʰʝ ʟʘʛʘʣʴʥʽ ʢʦʤʧʦʥʫʚʘʣʴʥʽ ʤʦʤʝʥʪʠ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽʥʩʪʨʫʤʝʥʪʫ ʪʘ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ, ʘ ʷʢ ʢʨʠʪʝʨʽʘʣʴʥʫ ʦʮʽʥʢʫ ʧʨʦʧʦʥʫʚʘʣʦʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʫ ʚʘʨʪʽʩʪʴ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ, 

ʟʜʘʪʥʠʭ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʦʙ'ʻʜʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʙʣʦʢʠ. ɺ ʨʦʙʦʪʘʭ [14,15] ʜʘʥʠʡ ʧʽʜʭʽʜ 

ʜʦ ʧʨʦʮʝʩʫ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʣʦ ʨʦʟʰʠʨʝʥʦ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʷʢ ʩʪʨʫʢʪʫʨʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ, ʪʘʢ ʡ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʜʦ ʢʦʥʢʨʝʪʥʦ ʦʙʨʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʻ ʥʘʷʚʥʽʩʪʴ ʨʫʭʫ ʟʘʛʦʪʦʚʢʠ 

ʘʙʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʱʦʜʦ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʚʝʨʩʪʘʪ-ʧʨʠʩʪʨʽʡ-

ʟʘʛʦʪʦʚʢʘ-ʽʥʩʪʨʫʤʝʥʪ (ɺʇɿɯ).  

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʦʤʧʦʥʫʚʘʥʥʷ ʧʨʠ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʽʡ ʦʙʨʦʙʮʽ 

ʤʦʞʝ ʙʫʪʠ ʟʚʝʜʝʥʠʡ ʜʦ ʢʣʘʩʠʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ çʟʘʜʘʯʽ ʧʨʦ ʥʘʡʤʝʥʰʝ ʧʦʢʨʠʪʪʷ (ʨʦʟʙʠʪʪʷ)è ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʝʨʝʭʦʜʽʚ, ʚʠʢʦʥʘʥʥʷ ʷʢʠʭ ʥʝʦʙʭʽʜʥʝ ʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʟʘʛʦʪʽʚʣʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ 

ʦʧʪʠʤʽʟʘʮʽʾ ʪʘʢʦʛʦ ʨʦʟʙʠʪʪʷ. ʈʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʥʘʡʤʝʥʰʝ ʨʦʟʙʠʪʪʷ ʧʨʠʩʚʷʯʝʥʦ 

ʜʫʞʝ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʚʽʜ ʢʣʘʩʠʯʥʦʛʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯ ʪʝʦʨʽʾ ʛʨʘʬʽʚ [16] ʜʦ ʧʦʙʫʜʦʚʠ ʘʣʛʦʨʠʪʤʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ 

ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ [17,18,19]. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ.  

ʂʦʥʮʝʥʪʨʘʮʽʷ ʦʧʝʨʘʮʽʡ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʦʙʨʦʙʢʠ ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ, ʱʦ ʤʘʶʪʴ ʢʽʣʴʢʘ ʩʪʦʨʽʥ ʦʙʨʦʙʢʠ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ 

ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʦʜʥʘʢʦʚʠʭ ʘʙʦ ʨʽʟʥʠʭ ʩʧʽʚʚʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʨʦʙʣʝʥʽ ʘʙʦ ʢʽʥʮʝʚʠʤ 

ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʥʘʡʯʘʩʪʽʰʝ ʜʣʷ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ), ʘʙʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʮʽʚ (ʪʽʘ ʦʙʝʨʪʘʥʥʷ), 

ʧʨʠʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʦʧʝʨʘʮʽʡ ʧʨʠ ʦʙʨʦʙʮʽ ʧʣʦʱʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ. ʊʦʤʫ ʧʨʠ ʩʠʥʪʝʟʽ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʜʫʞʝ ʚʘʞʣʠʚʦ ʩʬʦʨʤʫʚʘʪʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʙʣʦʢʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ 

ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʤʽʥʽʤʘʣʴʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʦʥʴ ʚʠʨʦʙʫ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʽ ʧʘʨʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ. 

ɿʘʜʘʯʘ ʩʠʥʪʝʟʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʤʦʞʝ ʙʫʪʠ ʩʬʦʨʤʫʣʴʦʚʘʥʘ ʫ ʥʘʩʪʫʧʥʦʤʫ ʚʠʛʣʷʜʽ. ʅʝʭʘʡ ʫ 

ʢʦʞʥʦʛʦ ʦʙ'ʻʢʪʘ   ʻ  ʤʥʦʞʠʥʘ  ʩʪʦʨʽʥ  ʦʙʨʦʙʢʠ   , ʧʨʠʯʦʤʫ  ʢʦʞʥʘ  ʤʽʩʪʠʪʴ  ʧʽʜʤʥʦʞʠʥʫ  ʦʩʝʡ  

ʦʙʨʦʙʢʠ   , ʥʘ  ʷʢʠʭ  ʨʦʟʪʘʰʦʚʘʥʦ  ʧʽʜʤʥʦʞʠʥʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ 

  , ʜʝ ʢʦʞʝʥ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ, ʱʦ ʘʝʘʣʽʟʫʻʪʴʩʷ (ʩʪʦʨʦʥʘ-ʚʽʩʴ-ʧʦʚʝʨʭʥʷ), 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʘ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʝʣʝʤʝʥʪ ʤʘʻ ʭʘʨʘʢʪʝʨʥʠʡ ʥʘʙʽʨ ʧʘʨʘʤʝʪʨʽʚ (ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ, ʚʠʤʦʛʠ ʜʦ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʽʚ, ʬʦʨʤʠ ʪʘ ʚʟʘʻʤʥʦʛʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʪʦʱʦ). ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʥʘʙʽʨ ʦʧʝʨʘʮʽʡ  
(ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʢʦʣʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʦʙʨʦʙʢʘ ʝʣʝʤʝʥʪʘʨʥʠʤ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

, ʷʢʠʡ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʪʽʣʴʢʽ ʦʜʠʥ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʝʨʝʭʽʜ). ʇʨʠʯʦʤʫ ʢʦʞʥʘ ʟ ʮʠʭ ʦʧʝʨʘʮʽʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʠʤ ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʽʥʝʤʘʪʠʢʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʪʘ ʽʥ. 

ʊʦʜʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʥʝʦʙʭʽʜʥʦ ʩʬʦʨʤʫʚʘʪʠ ʩʫʢʫʧʥʽʩʪʴ ʤʥʦʞʠʥʠ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ  ʷʢʽ ʤʦʞʣʠʚʦ ʪʝʭʥʽʯʥʦ ʨʝʘʣʽʟʫʚʘʪʠ, ʪʘ ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ 

ʚʝʢʪʦʨʘʤʠ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ , (ʪʦʙʪʦ, ʱʦʙ ʚʠʢʦʥʫʚʘʣʘʩʷ ʤʥʦʞʠʥʘ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ, ʷʢʽ ʚʽʜʦʙʨʘʞʝʥʽ ʚʝʢʪʦʨʘʤʠ   ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʦʪʨʠʤʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʦʙʨʦʙʢʠ ). 

ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʩʠʥʪʝʟʫ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ (ʨʠʩ. 3).  
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. 
ʈʠʩ. 3 ï ʇʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʛʨʘʬʘ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʥʘʣʘʛʦʜʞʝʥʴ: 

ʘ) ï ʦʙ'ʻʢʪ ʦʙʨʦʙʢʠ; ʙ) ï ʬʨʘʛʤʝʥʪ ʛʨʘʬʘ 

 

ʅʘ ʤʘʣʶʥʢʫ 3 ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʬʨʘʛʤʝʥʪʘ ʧʦʙʫʜʦʚʠ ʪʘʢʦʛʦ ʛʨʘʬʘ ʜʣʷ ʫʷʚʥʦʾ ʜʝʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʜʚʽ 

ʩʪʦʨʦʥʠ ʦʙʨʦʙʢʠ, ʧ'ʷʪʴ ʦʩʝʡ ʪʘ ʩʽʤ ʨʽʟʥʠʭ ʧʦʚʝʨʭʦʥʴ: ʬʘʩʢʠ ï ʈ212, ʈ112; ʚʥʫʪʨʽʰʥʽ ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʚʝʨʭʥʽ ï 

ʈ211, ʈ221, ʈ131, ʈ121, (ʧʨʠʯʦʤʫ, ʜʦʩʷʛʥʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʈ221 ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʥʘʥʥʷ 

ʜʚʦʭ ʧʝʨʝʭʦʜʽʚ, ʩʚʝʨʜʣʽʥʥʷ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ï ʊ2211 ʪʘ ʊ2212); ʨʽʟʴʙʦʚʘ ʧʦʚʝʨʭʥʷ ʈ111. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ 

ʧʦʚʝʨʭʦʥʴ ʈ211, ʈ212, ʈ221 ʟʽ ʩʪʦʨʦʥʠ S2 ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʘʥʥʷ ʯʦʪʠʨʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʩʚʽʨʜʣʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʈ212, ʈ221, ʟʝʥʢʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʈ211 ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ ʧʦʚʝʨʭʥʽ ʈ221). 

ɺʫʟʣʠ ʛʨʘʬʘ, ʚʽʜʧʦʚʽʜʘʶʪʴ: ʦʙʨʦʙʣʶʚʘʥʠʤ ʧʦʚʝʨʭʥʷʤ - ; ʝʣʝʤʝʥʪʘʨʥʠʤ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʤ - ; 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ - ; ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʥʘʣʘʛʦʜʞʝʥʥʷʤ (ʦʜʥʝ ʘʙʦ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʤ) - . 

ʐʪʨʠʭʦʚʦʶ ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʠʡ ʚʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʠʧʫ ʩʚʝʨʜʣʦ-ʨʦʟʛʦʨʪʢʘ, 

ʷʢʠʡ ʪʝʦʨʝʪʠʯʥʦ ʤʦʞʣʠʚʠʡ, ʘʣʝ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʷʢʦʛʦ ʚ ʜʘʥʠʡ ʯʘʩ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, 

ʪʦʤʫ ʫ ʧʦʜʘʣʴʰʦʤʫ ʪʘʢʽ ʚʘʨʽʘʥʪʠ ʨʦʟʛʣʷʜʘʪʴ ʥʝ ʤʘʻ ʩʝʥʩʫ. 

ʋ ʬʦʨʤʘʣʴʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʥʷ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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, 

 

ʜʝ ï ʤʥʦʞʠʥʘ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ;  - ʤʥʦʞʠʥʘ ʚʝʢʪʦʨʽʚ 

ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʦʙʨʦʙʢʠ (ʧʦʚʝʨʭʦʥʴ), ʱʦ ʤʘʶʪʴ ʩʧʽʣʴʥʫ ʩʪʦʨʦʥʫ ʦʙʨʦʙʢʠ j;  - ʤʥʦʞʠʥʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʧʝʨʝʭʦʜʽʚ), ʷʢʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʨʦʙʢʠ ʤʥʦʞʠʥʠ ʧʦʚʝʨʭʦʥʴ; 

 ï ʤʥʦʞʠʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʚʠʢʦʥʘʪʠ ʥʘʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʝʨʝʭʦʜʽʚ ;  - ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ, ʱʦ ʚʨʘʭʦʚʫʻ ʛʝʦʤʝʪʨʠʯʥʫ, ʪʝʭʥʦʣʦʛʽʯʥʫ ʪʘ ʪʝʭʥʽʯʥʫ 

ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʤʥʦʞʠʥʠ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ. ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʦʜʥʦʰʧʠʥʜʝʣʴʥʦʾ 

ʦʙʨʦʙʢʠ ʚʝʢʪʦʨ ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʪʦʪʦʞʥʠʡ ʚʝʢʪʦʨʫ 

ʧʨʦʝʢʪʥʠʭ ʧʘʨʘʤʝʪʨʽʚ . 
ʋʤʦʚʦʶ ʪʦʛʦ, ʱʦ ʨʽʞʫʯʽ ʽʥʩʪʨʫʤʝʥʪʠ ʤʦʞʫʪʴ ʚʭʦʜʠʪʠ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʙʣʦʢ, ʻ 

ʧʨʠʥʘʣʝʞʥʽʩʪʴ ʩʧʽʚʚʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʜʝʨʞʫʶʪʴʩʷ ʧʨʠ ʦʙʨʦʙʮʽ ʢʦʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʫ ʪʦʤʫ ʯʠʩʣʽ 

ʢʦʤʙʽʥʦʚʘʥʠʤ), ʦʜʥʦʾ ʫʟʘʛʘʣʴʥʝʥʦʾ ʩʪʦʨʦʥʽ ʦʙʨʦʙʢʠ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ ʜʦʪʨʠʤʫʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟʘ ʨʘʭʫʥʦʢ ʦʜʥʦʛʦ ʚʘʨʽʘʥʪʫ ʚʟʘʻʤʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʦʙʦʚ'ʷʟʢʦʚʦ ʜʦʪʨʠʤʘʥʥʷ ʫʤʦʚʠ ʥʝʧʝʨʝʪʠʥʫ ʚʠʢʦʥʫʚʘʥʠʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʭʦʜʽʚ ʢʦʞʥʠʤ ʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʣʦʢʫ (ʪʦʙʪʦ ʨʦʟʛʣʷʥʫʪʘ ʚʠʱʝ ʢʣʘʩʠʯʥʘ ʟʘʜʘʯʘ ʧʨʦ 

ʥʘʡʤʝʥʰʝ ʨʦʟʙʠʪʪʷ). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʭ ʙʣʦʢʽʚ, ʷʢʽ ʟʜʘʪʥʽ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʚʝʜʝʥʠʡ ʷʢ 

ʧʨʠʢʣʘʜ, ʜʦʩʠʪʴ ʧʨʦʩʪʠʡ ʚʠʧʘʜʦʢ ʦʙʨʦʙʢʠ, ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʧʽʚʚʽʩʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

ʆʜʥʘʢ, ʢʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʚʘʨʽʘʥʪʽʚ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻʪʴʩʷ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʫʶʯʽ ʬʘʢʪʦʨʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʚʘʨʽʘʥʪʘ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʛʦ ʙʣʦʢʫ. 

ʆʙ'ʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʙʣʦʢ ʤʦʞʣʠʚʝ ʣʠʰʝ ʫ ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʠ 

ʦʙʤʝʞʝʥʴ, ʷʢʽ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʛʝʦʤʝʪʨʠʯʥʽ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ. ʆʨʛʘʥʽʟʘʮʽʡʥʽ 

ʦʙʤʝʞʝʥʥʷ ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ (ʨʠʩ.4.).  

 

 
 

ʈʠʩ. 4 ï ʏʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʠʥʪʝʟ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ 

 

ɼʣʷ ʢʦʞʥʦʾ ʛʨʫʧʠ ʦʙʤʝʞʝʥʴ ʥʝʦʙʭʽʜʥʦ ʚʠʜʽʣʠʪʠ ʯʠʥʥʠʢʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʙ'ʻʜʥʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʙʣʦʢʠ, ʪʘ ʩʢʣʘʩʪʠ ʜʣʷ ʥʠʭ ʤʘʪʨʠʮʽ ʩʫʤʽʩʥʦʩʪʽ, ʜʝ 1 - ʦʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʙ'ʻʜʥʘʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ ʙʣʦʮʽ, 0 ï ʚʽʜʩʫʪʥʽʩʪʴ ʪʘʢʦʾ ʤʦʞʣʠʚʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʯʠʥʥʠʢʠ ʜʦʢʣʘʜʥʽʰʝ. 
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ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ɼʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʙʤʝʞʝʥʴ ʚʽʜʥʦʩʷʪʴʩʷ ʬʘʢʪʦʨʠ, ʷʢʽ ʧʦʚ'ʷʟʘʥʽ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʽʥʝʤʘʪʠʢʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʤʦʛ ʜʦ ʰʦʨʩʪʢʦʩʪʽ, ʨʦʟʤʽʨʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʪʦʯʥʦʩʪʽ ʧʦʚʝʨʭʥʽ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ. ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟʘʛʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʙʣʦʢʦʤ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʽʥʝʤʘʪʠʢʠ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʧʘʨʘʤʝʪʨʽʚ ʪʦʯʥʦʩʪʽ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ, 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʪʘ ʽʥ. ɹʫʣʠ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʭ ʥʘʣʘʛʦʜʦʢ ʧʨʦʚʽʜʥʠʭ ʬʽʨʤ ʚʠʨʦʙʥʠʢʽʚ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʅʘ ʧʽʜʩʪʘʚʽ ʮʴʦʛʦ ʘʥʘʣʽʟʫ 

ʙʫʣʘ ʩʬʦʨʤʦʚʘʥʘ ʤʘʪʨʠʮʷ ʩʫʤʽʩʥʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʝʨʝʭʦʜʽʚ ʧʨʠ ʦʙ'ʻʜʥʘʥʥʽ ʚʠʢʦʥʫʶʯʠʭ ʾʭ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʡ ʙʣʦʢ ʟʘ ʫʤʦʚʠ ʥʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʱʦ 

ʬʦʨʤʫʶʪʴʩʷ, ʦʜʥʽʡ ʩʪʦʨʦʥʽ ʦʙʨʦʙʢʠ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʨʦʙʢʠ ʩʧʽʚʚʽʩʥʠʭ 

ʧʦʚʝʨʭʦʥʴ: ʧʘʨʘʣʝʣʴʥʦʾ (ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ), ʧʦʩʣʽʜʦʚʥʦʾ, ʧʘʨʘʣʝʣʴʥʦ-ʧʦʩʣʽʜʦʚʥʦʾ. 

 

, 

 

ʌʨʘʛʤʝʥʪ ʮʽʻʾ ʤʘʪʨʠʮʽ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 1. 

 

ʊʘʙʣʠʮʷ 1 ï ʉʫʤʽʩʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʨʠ ʦʙ'ʻʜʥʘʥʥʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʫ 

ʙʣʦʢʠ. 

ˉʧʧ 
ʊʝʭʥʦʣʦʛʽʯʥʘ 

ʦʧʝʨʘʮʽʷ 

ʉ
ʚ
ʝ
ʨ
ʜ
ʣ
ʽ
ʥ
ʥ
ʷ

 

ɿ
ʝ
ʥ
ʢ
ʝ
ʨ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

ɿ
ʝ
ʥ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

ʎ
ʝ
ʢ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

ʈ
ʦ
ʟ
ʛ
ʦ
ʨ
ʪ
ʘ
ʥ
ʥ
ʷ

 

ʊ
ʦ
ʯ
ʽ
ʥ
ʥ
ʷ

 

ʈ
ʦ
ʟ
ʪ
ʦ
ʯ
ʫ
ʚ
ʘ
ʥ
ʥ
ʷ

 

..
. 

ʌ
ʨ
ʝ
ʟ
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1 ʉʚʝʨʜʣʽʥʥʷ 1 1 1 1 1* 0 0 é 1**  

2 ɿʝʥʢʝʨʫʚʘʥʥʷ 1 1 1 1 1* 0 0 é 0 

3 ɿʝʥʢʫʚʘʥʥʷ 1 1 1 1 0 0 0 é 0 

4 ʎʝʢʫʚʘʥʥʷ 1 1 1 1 0 0 0 é 0 

5 ʈʦʟʛʦʨʪʘʥʥʷ 1* 1* 0 0 1 0 0 é 0 

6 ʊʦʯʽʥʥʷ 0 0 0 0 0 1 0 é 0 

7 ʈʦʟʪʦʯʫʚʘʥʥʷ 0 0 0 0 0 0 1 é 0 

é éé.. ... ... é é é é é é é 

n ʌʨʝʟʝʨʫʚʘʥʥʷ 1**  0 0 0 0 0 0 é 1***  

 

ʇʨʠʤʽʪʢʘ: * ï ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷ ʫ ʨʘʟʽ ʧʦʩʣʽʜʦʚʥʦʾ ʦʙʨʦʙʢʠ; ** - ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ; *** - ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘʙʦʨʫ ʬʨʝʟ.  

 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ, ʟ ʧʦʛʣʷʜʫ ʢʽʥʝʤʘʪʠʢʠ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʻ ʦʙ'ʻʜʥʘʥʥʷ ʫ ʙʣʦʮʽ 

ʦʜʥʦʪʠʧʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʨʽʞʫʯʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʇʨʠ ʦʙ'ʻʜʥʘʥʥʽ ʨʽʟʥʦʪʠʧʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʦʜʘʪʢʦʚʦ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. ɿʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʘ ʤʽʥʽʤʘʣʴʥʦʾ 

ʪʦʯʥʦʩʪʽ (ʢʚʘʣʽʪʝʪʽʚ) ʧʦʚʝʨʭʦʥʴ, ʦʙʨʦʙʣʶʚʘʥʠʭ j-ʠʤ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʙʣʦʢʦʤ, ʥʝ ʧʦʚʠʥʥʽ ʚʽʜʨʽʟʥʷʪʠʩʷ 

ʙʽʣʴʰ ʥʽʞ ʥʘ ʜʚʘ-ʪʨʠ ʢʚʘʣʽʪʝʪʘ ʧʨʠ ʧʘʨʘʣʝʣʴʥʽʡ ʦʙʨʦʙʮʽ. 

 

 
  

 ʜʝ,   ʢʚʘʣʽʪʝʪ ji -ʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ,  - ʚʝʢʪʦʨ 

ʧʘʨʘʤʝʪʨʽʚ ji -ʦʾ ʧʦʚʝʨʭʥʽ, .- ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʨʽʟʥʠʮʽ ʢʚʘʣʽʪʝʪʽʚ ʧʨʠ ʦʙʨʦʙʮʽ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ 

ʙʣʦʮʽ (ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʦ ʧʽʜ ʯʘʩ ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʩʠʥʪʝʟʫ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ). 

ʄʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʢʦʞʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʤ ʙʣʦʢʦʤ, ʚʞʝ 

ʚʨʘʭʦʚʘʥʦ ʫ ʤʘʪʨʠʮʽ ʩʫʤʽʩʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

 

ɻʝʦʤʝʪʨʠʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʆʩʥʦʚʥʠʤ ʛʝʦʤʝʪʨʠʯʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʻ ʫʤʦʚʘ ʥʘʣʝʞʥʦʩʪʽ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ, ʜʦ ʦʜʥʦʾ 

ʩʪʦʨʦʥʠ ʦʙʨʦʙʢʠ, ʪʦʙʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʢʽʥʝʤʘʪʠʢʫ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʚʽʜʥʦʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʽ 

ʟʘʛʦʪʦʚʢʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ. 

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʱʝ ʜʚʘ ʦʙʤʝʞʝʥʥʷ, ʷʢʽ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʙʣʦʢʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʘ ʪʦʯʥʽʩʪʴ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ. 

ʆʙʤʝʞʝʥʥʷ ʟ ʚʠʣʴʦʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʚʞʠʥʠ ʚʠʣʴʦʪʫ ʰʧʠʥʜʝʣʷ 

ʘʙʦ ʧʘʪʨʦʥʘ ʪʘ ʽʥʩʪʨʫʤʝʥʪʫ ʫ ʧʝʚʥʦʤʫ ʜʽʘʧʘʟʦʥʽ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʝʦʙʭʽʜʥʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʙʣʦʢʫ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ. 
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ʜʝ -  ʚʽʜʩʪʘʥʴ ʚʽʜ ʝʣʝʤʝʥʪʘ ʥʘ ʜʝʪʘʣʽ, ʱʦ ʟʘʚʘʞʘʻ ʧʝʨʝʤʽʱʝʥʥʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʚ 

ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦ ʧʦʯʘʪʢʫ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʤʤ; - ʜʦʚʞʠʥʘ ji -ʦʾ ʧʦʚʝʨʭʥʽ, ʤʤ; - 

ʜʦʧʫʩʪʠʤʠʡ ʧʝʨʝʧʘʜ ʜʦʚʞʠʥ ʚʠʣʴʦʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ., ʤʤ. 

ʈʦʟʢʠʜ ʜʽʘʤʝʪʨʽʚ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ, ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ: 

 

, 

 

ʜʝ  - ʜʽʘʤʝʪʨ ji -ʦʾ ʧʦʚʝʨʭʥʽ, ʤʤ;  - ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʧʝʨʝʧʘʜʫ ʜʽʘʤʝʪʨʽʚ ʦʙʨʦʙʣʶʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ. 

ʊʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ. 

ʊʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʧʦʚ'ʷʟʘʥʽ ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʘʨʽʘʥʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʥʘʷʚʥʠʤ ʥʘʙʦʨʦʤ ʤʦʜʫʣʽʚ ʘʙʦ ʢʦʥʩʪʨʫʢʮʽʻʶ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʚʫʟʣʘ. 

ɼʦ ʮʠʭ ʦʙʤʝʞʝʥʴ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʤʠʢʘʥʥʷ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ (ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʮʝ ʦʙʤʝʞʝʥʥʷ ʚʪʨʘʪʠʣʦ ʘʢʪʫʘʣʴʥʽʩʪʴ); ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʜʘʯʫ 

ɿʆʊʈ ʫ ʟʦʥʫ ʦʙʨʦʙʢʠ ʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ; ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʚʫʟʣʘ ʪʘ ʽʥ. 

ʊʘʢ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʦʩʴʦʚʠʤ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʷʢ ʪʘʢʝ 

ʦʙʤʝʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʤʽʞʮʝʥʪʨʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʦʩʷʤʠ ʰʧʠʥʜʝʣʽʚ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʤʦʛʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʽʜʰʠʧʥʠʢʽʚ ʰʧʠʥʜʝʣʷ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ, ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʨʦʟʤʽʨʽʚ ʙʘʛʘʪʦʰʧʠʥʜʝʣʴʥʦʛʦ ʙʣʦʢʫ. 

 

, 

 

ʜʝ    - ʢʦʦʨʜʠʥʘʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ji -ʦʾ ʧʦʚʝʨʭʥʽ ʜʣʷ ʦʪʚʦʨʽʚ ʘʙʦ ʢʦʦʨʜʠʥʘʪʘ ʧʦʯʘʪʢʫ ji -ʦʾ ʧʦʚʝʨʭʥʽ 

ʜʣʷ ʽʥʰʦʛʦ ʪʠʧʫ ʧʦʚʝʨʭʦʥʴ;  ï ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʧʠʥʜʝʣʷʤʠ ʘʙʦ 
ʧʦʣʦʞʝʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʙʣʦʮʽ, ʤʤ  

ʊʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʙʘʛʘʪʦ ʯʦʤʫ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʜʫʣʽʚ, ʢʦʥʩʪʨʫʢʮʽʡ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʩʧʝʮʠʬʽʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʪ.ʜ. ʎʷ ʩʠʩʪʝʤʘ ʦʙʤʝʞʝʥʴ ʧʦʚʠʥʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʦʛʦ ʚʠʨʦʙʥʠʢʘ ʽ 

ʥʝ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ. 

ʈʝʟʫʣʴʪʘʪʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʫʪʦʯʥʝʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ, ʢʦʤʧʦʥʫʚʘʥʥʷ ʷʢʠʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʫʥʽʬʽʢʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʪʘ ʘʛʨʝʛʘʪʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʢʦʥʫʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ ʪʘ ʪʦʛʦ, ʷʢʽ ʩʘʤʝ ʤʦʜʫʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʢʦʤʧʦʥʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʫ. 

ʎʷ ʤʝʪʦʜʠʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʭʦʜʷʯʠ ʟ ʧʘʨʘʤʝʪʨʽʚ, ʬʦʨʤʦʚʘʥʠʭ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʦʥʴ ʽ ʚʠʨʦʙʠ 

ʟʘʛʘʣʦʤ, ʧʨʠʟʥʘʯʝʥʥʷ ʚʘʨʽʘʥʪʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʢʦʞʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʪʚʦʨʝʥʠʡ ʤʘʩʠʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʭʦʜʽʚ) ʻ ʦʩʥʦʚʦʶ ʧʦʙʫʜʦʚʠ ʛʨʘʬʘ ʚʘʨʽʘʥʪʽʚ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ. ɺʠʙʽʨ ʪʝʭʥʽʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʥʘʡʤʝʥʰʝ ʨʦʟʙʠʪʪʷ ʟ ʥʘʢʣʘʜʝʥʥʷʤ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʴ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʛʝʦʤʝʪʨʽʾ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ, ʽ ʦʙ'ʻʢʪʘ ʦʙʨʦʙʢʠ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ 

ʪʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʦʩʦʙʣʠʚʽʩʪʶ ʚʠʨʦʙʥʠʮʪʚʘ ʦʙʣʘʜʥʘʥʥʷ ʧʝʚʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʭ ʙʣʦʢʽʚ ʦʨʽʻʥʪʦʚʘʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʚʝʨʩʪʘʪʽʚ ʟ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʶ ʢʦʤʧʦʥʦʚʢʦʶ ʜʣʷ 

ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. ʄʝʪʦʜʠʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʙʘʟʠ ʟʥʘʥʴ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʤʦʜʫʣʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ. ʇʨʦʧʦʥʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʧʽʜʭʽʜ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʚʠʥʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʠʥʪʝʟʫ ʚʘʨʽʘʥʪʽʚ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʨʽʰʫʶʪʴʩʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ, ʰʣʷʭʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʧʫʩʪʠʤʠʭ ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ , ,  ʪʘ ʽʥ. 
ʊʘʢʦʞ ʤʦʞʥʘ ʢʦʨʠʛʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʽ ʤʘʪʨʠʮʽ ʩʠʩʪʝʤ ʦʙʤʝʞʝʥʴ ʥʘ ʧʽʜʩʪʘʚʽ ʚʽʜʩʪʝʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʠʧʫʱʝʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʝʨʽʦʜ ʡʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ, ʩʪʘʪʠʩʪʠʯʥʠʭ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʷʢ ʢʨʠʪʝʨʽʡ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʚʘʨʽʘʥʪʘ ʩʪʨʫʢʪʫʨ 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʦʮʽʥʢʠ ʩʬʦʨʤʦʚʘʥʠʭ ʽ ʪʝʭʥʽʯʥʦ ʨʝʘʣʽʟʦʚʘʥʠʭ ʚʘʨʽʘʥʪʽʚ 

(ʤʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʧʦʟʠʮʽʡ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘ ʨʽʟʥʠʤʠ ʙʣʦʢʘʤʠ ʪʘ ʽʥ.). ʋ 

ʢʣʘʩʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ ʧʨʦ ʤʽʥʽʤʘʣʴʥʝ ʨʦʟʙʠʪʪʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ. ʆʜʥʘʢ ʚʠʙʽʨ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʤʦʞʝ ʙʫʪʠ ʟʤʽʥʝʥʠʡ ʥʘ ʝʪʘʧʽ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 
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ɺʠʩʥʦʚʢʠ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʪʝʥʜʝʥʮʽʡ ʚʠʧʫʩʢʫ ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʷʚʥʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʧʦʧʠʪʫ ʪʘʢʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʩʪʘʥʦʚʣʝʥʦ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʶ ʦʙʨʦʙʢʦʶ ʥʘ ʙʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ 

ʜʦʩʷʛʥʝʥʴ ʢʦʤʧʦʥʝʪʠʢʠ, ʤʝʭʘʪʨʦʥʽʢʠ ʪʘ CALS-ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʝʮʽʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʘʛʨʝʛʘʪʥʦ-ʤʦʜʫʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʜʽʣʝʥʦ ʪʘ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʪʨʠ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʜʦʤʽʥʫʶʯʠʡ ʚʧʣʠʚ ʥʘ ʩʠʥʪʝʟ ʩʪʨʫʢʪʫʨ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ: ʪʝʭʥʦʣʦʛʽʯʥʽ, ʛʝʦʤʝʪʨʠʯʥʽ ʪʘ ʪʝʭʥʽʯʥʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ 

ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʪʘʢʦʞ ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʨʠʮʽ ʩʫʤʽʩʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʬʘʢʪʦʨʘ ʟ ʚʽʜʧʦʚʽʜʥʦʾ ʛʨʫʧʠ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʘʚʪʦʨʘʤ ʟʘʧʨʦʧʦʥʫʚʘʪʴ ʫʜʦʩʢʦʥʘʣʝʥʫ ʪʘ ʦʨʽʻʥʪʦʚʘʥʫ ʥʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʚʘʨʽʘʥʪʽʚ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʦʾ ʦʙʨʦʙʢʠ, ʱʦ ʪʝʭʥʽʯʥʦ 

ʨʝʘʣʽʟʫʶʪʴʩʷ, ʷʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ ʪʝʦʨʽʾ ʛʨʘʬʽʚ. ʋ ʜʘʥʽʡ ʤʝʪʦʜʠʮʽ ʩʠʥʪʝʟ ʚʘʨʽʘʥʪʽʚ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ 

ʙʣʦʢʽʚ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʚʽʜʦʤʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʨʦ ʥʘʡʤʝʥʰʝ ʨʦʟʙʠʪʪʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʩʪʘʥʦʚʣʝʥʦʾ ʜʦʜʘʪʢʦʚʦʾ ʩʠʩʪʝʤʠ ʦʙʤʝʞʝʥʴ ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʛʨʫʧʠ ʬʘʢʪʦʨʽʚ, ʱʦ ʙʫʜʠ 

ʜʦʩʣʽʜʞʝʥʠ ʘʚʪʦʨʤʘʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʢʦʤʧʦʥʦʚʦʢ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʙʣʦʢʽʚ, ʱʦ ʧʨʦʛʣʷʜʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʩʧʨʦʩʪʠʪʠ ʯʘʩ ʪʘ ʩʘʤ ʧʨʦʮʝʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʢʦʤʧʦʥʦʚʢʠ ʚʝʨʩʪʘʪʘ.  

ʇʽʜʪʚʝʨʜʞʝʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʩʠʥʪʝʟʫ ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʥʠʭ 

ʙʣʦʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʥʘ ʍʘʨʢʽʚʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʽʚʥʦʤʫ ʟʘʚʦʜʽ çʉʚʽʪʣʦ ʐʘʭʪʘʨʷè ʫʢʨʘʾʥʩʴʢʦʾ 

ʢʦʨʧʦʨʘʮʽʾ CORUM Group ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʚʫʛʽʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. 
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Mathcad 15, ʘ ʷʢ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʽʣʷʥʢʠ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 
ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚ ɺɸʊ çʊʋʈɹʆɸʊʆʄè. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʦʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʩʥʦʚʥʝ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ, ʩʫʤʘʨʥʠʡ ʯʘʩ 

ʦʙʨʦʙʢʠ, ʚʘʨʽʘʥʪʠ ʦʙʨʦʙʢʠ, ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

SHELKOVOI A. N., FEDENYUK D. V., LETYUK V. M., MIRONENKO S. A., ISHCHENKO M. G.  

SEARCH ALGORITHM UNDER THE CONDITIONS OF SERIAL PRODUCTION OF STRUCTURE OPTIONS OF THE 

TECHNOLOGICAL PROCESS OF MACHINING ON A GIVEN SET OF TECHNOLOGICAL EQUIPMENT  

  

The article describes the algorithm for the formation of a set of options for the structures of technological processes (TP) of metal cutting 

on a given set of technological equipment and the sequence of operations in mass production. Variants of technological processes are presented in 
the form of a graph-tree, taking into account the sequence of operations and the possibility of using the main technological equipment for this. 

The algorithm for generating TP options is designed to form the most rational combination of the sequence of technological operations and the 

equipment on which they are implemented in the system of simulation of the production process. As a criterion for selecting TP options, the total 
time for their implementation was used. The algorithm is built into the software of the simulation system for production systems "GPS". It is 

implemented in the environment of the Mathcad 15 package, and as an example of calculations, the formation of the organizational and 

technological structure of the section for machining turbine blades of steam turbines in PJSC "TURBOATOM" is presented. 
Keywords: metal cutting, the structure of the technological process, the main technological equipment, the total processing time, 

processing options, optimization of the structure of the technological process. 

1. ɺʩʪʫʧ. ɺ ʫʤʦʚʘʭ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʝʬʽʮʽʻʥʪ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ (ʊʆ) ʟʘ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ (ʂʟ) ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ ʦʜʠʥʠʮʽ ʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʤʝʥʢʣʘʪʫʨʠ ʚʠʧʫʩʢʫ ʚʠʨʦʙʽʚ, 

ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ (10 õ 25) (ʧʨʠʢʣʘʜ, ʨʠʩ. 1). ʎʝ ʩʧʨʠʯʠʥʷʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ (ʊʇ) ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʨʦʙʥʠʯʦʾ ʩʠʪʫʘʮʽʾ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʜʽʣʷʥʮʽ ʤʝʪʘʣʦʦʙʨʦʙʢʠ, ʪʦʙʪʦ. 

ʤʘʡʞʝ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʥʷ, ʱʦ ʥʘʢʣʘʜʘʶʪʴʩʷ 

ʥʘ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʷʢ ʟ ʙʦʢʫ ʪʝʭʥʽʯʥʦʾ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʧʽʜʩʠʩʪʝʤ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ, ʥʘʧʨʠʢʣʘʜ, ʦʜʥʦʤʫ 

ʚʝʨʩʪʘʪʽ ʥʝ ʤʦʞʥʘ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʦʥʫʚʘʪʠ ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʪʘʢ ʷʢ ʮʝ ʩʫʧʝʨʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʶ 

ʧʦʥʷʪʪʷ çʊʝʭʥʦʣʦʛʽʯʥʘ ʦʧʝʨʘʮʽʷè [6], ʘ ʧʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʊʇ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʝʨʝʙʽʨ 

ʚʘʨʽʘʥʪʽʚ ʡʦʛʦ ʩʪʨʫʢʪʫʨ. ɿʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ çʨʫʯʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷè ʚʘʨʽʘʥʪʽʚ ʤʦʞʣʠʚʠʭ ʩʪʨʫʢʪʫʨ ʊʇ 

ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ, ʪʘʢ ʷʢ ʚʦʥʦ ʪʨʫʜʦʤʽʩʪʢʝ ʽ ʥʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ 

ʟʘʚʞʜʠ ʣʽʤʽʪʦʚʘʥʝ ʯʘʩʦʤ ʚʠʢʦʥʘʥʥʷ ʧʣʘʥʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʟ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʊʇ ʪʘ ʽʥʰʠʭ ʊʇ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ. 

2. ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ. ʈʦʟʛʣʷʥʝʤʦ ʪʝʭʥʦʣʦʛʽʯʥʽ, ʪʝʭʥʽʯʥʽ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʬʘʢʪʦʨʠ ʮʴʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 

2) [1 - 5, 7, 8 - 26, 31 - 33]: 

- ʊʝʭʥʦʣʦʛʽʯʥʽ ʬʘʢʪʦʨʠ : ʟʥʠʞʝʥʥʷ ʧʨʠʧʫʩʢʽʚ ʪʘ ʾʭ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʧʦʚʝʨʭʥʝʶ ʟʘʛʦʪʦʚʦʢ (1); 

ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ ʥʘʣʘʛʦʜʞʝʥʥʷ ʟ ʧʦʩʣʽʜʦʚʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʧʝʨʝʭʦʜʽʚ (2); ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ (3); ʙʘʛʘʪʦʽʥʩʪʨʫʤʝʥʪʘʣʴʥʘ (ʧʘʨʘʣʝʣʴʥʘ) ʦʙʨʦʙʢʘ (4); ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʝ ʦʙʨʦʙʣʝʥʥʷ (5); 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʾ ʦʙʨʦʙʢʠ (6); 

- ʊʝʭʥʽʯʥʽ ʬʘʢʪʦʨʠ : ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʦʙʣʘʜʥʘʥʥʷ (7); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʮʠʢʣʫ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ - ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʢʦʥʪʨʦʣʴ ʪʦʱʦ. (8); ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʢʦʥʪʨʦʣʶ (9); ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (10); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʧʝʨʘʮʽʡ ʫʩʪʘʥʦʚʢʠ-ʟʥʷʪʪʷ, 

ʟʘʚʘʥʪʘʞʝʥʥʷ-ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘʛʦʪʦʚʦʢ ʪʘ ʜʝʪʘʣʝʡ (11); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʦʤ 

(12); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʦ-ʩʢʣʘʜʩʴʢʠʭ ʦʧʝʨʘʮʽʡ (13); ʩʢʦʨʦʯʝʥʥʷ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʧʨʦʮʝʩʽ (14); ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʤʽʥʥʦʩʪʽ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʽʯʥʦʛʦ ʬʦʥʜʫ ʯʘʩʫ (15); 

ʦʧʪʠʤʽʟʘʮʽʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ ʧʨʦʮʝʩʽʚ (16); ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʚʠʨʦʙʥʠʯʦʛʦ 

ʮʠʢʣʫ (17); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʢʝʨʫʶʯʠʭ ʬʫʥʢʮʽʡ (18); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ ʚʝʨʩʪʘʪʘʤʠ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʪʨʘʥʩʧʦʨʪʥʦ-ʥʘʢʦʧʠʯʫʚʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ (ɸʊʅʉ), ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ 

ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ɸʉɯʆ) ʪʘ ɼʇʉ ʟʘʛʘʣʦʤ (19); ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʦʛʦ 

ʘʧʘʨʘʪʫ (20); ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ, ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ, ʨʠʪʤʽʯʥʦʩʪʽ (21); ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʧʨʦʮʝʩʽʚ 

ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ (ʪʝʭʥʦʣʦʛʽʯʥʦʾ, ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ, ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ) (22); ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ɯʊʇ 

(23); ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ (24); 

- ʆʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʬʘʢʪʦʨʠ : ʩʪʨʫʢʪʫʨʥʘ ʦʧʪʠʤʽʟʘʮʽʷ (ʢʦʥʮʝʥʪʨʘʮʽʷ, 

ʜʠʬʝʨʝʥʮʽʘʮʽʷ, ʽʥʪʝʛʨʘʮʽʷ ʦʧʝʨʘʮʽʡ), ʧʦʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ (25); ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʫʧʦʚʠʭ ʥʘʣʘʛʦʜʞʝʥʴ  

ʚʝʨʩʪʘʪʽʚ ʪʘ ʛʨʫʧʦʚʘ ʪʝʭʥʦʣʦʛʽʷ (26); ʬʦʨʤʫʚʘʥʥʷ (ʦʧʪʠʤʽʟʘʮʽʷ) ʨʝʛʣʘʤʝʥʪʽʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ 

(27); ʧʣʘʥʦʚʦ-ʝʢʦʥʦʤʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ (ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʽʢʽʚ ʟʘʧʫʩʢʫ, ʦʧʪʠʤʽʟʘʮʽʷ ʧʘʨʪʽʡʥʦʩʪʽ ʪʦʱʦ) (28). 
 

É ʆ. ʄ. ʐʝʣʢʦʚʠʡ, ɼ.ɺ. ʌʝʜʝʥʶʢ, ɺ.ʄ. ʃʝʪʶʢ, ʉ.ʆ. ʄʽʨʦʥʝʥʢʦ, ʄ.ɻ. ɯʱʝʥʢʦ 2023 
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ʈʠʩ. 1 ï ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʜʘʥʠʭ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʣʘʥʫʚʘʥʥʷ ʄʉʇ ʜʽʣʴʥʠʮʽ ʦʙʨʦʙʢʠ ʣʦʧʘʪʦʢ 

ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚ ɺɸʊ çʊʋʈɹʆɸʊʆʄè [35, 36] 
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ɺʧʣʠʚ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʟʤʽʥʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ 

ʩʠʩʪʝʤ, ʚʨʘʭʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʩʢʣʘʜʦʚʽ ʘʥʘʣʽʪʠʯʥʦʾ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ɼʇʉ (ʨʠʩ. 2): 1a ï ʩʢʦʨʦʯʝʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ; 1b ï ʩʢʦʨʦʯʝʥʥʷ ʜʦʧʦʤʽʞʥʦʛʦ ʯʘʩʫ ʟʘ ʨʘʭʫʥʦʢ ʩʢʦʨʦʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʮʠʢʣʦʚʠʭ ʚʪʨʘʪ ʪʘ 

ʧʨʦʩʪʦʾʚ; 2 ï ʟʤʽʥʘ ʢʘʧʽʪʘʣʴʥʠʭ ʚʢʣʘʜʝʥʴ ʫ ʫʩʪʘʪʢʫʚʘʥʥʷ; 3 ï ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ; 4 ï 

ʩʢʦʨʦʯʝʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʧʨʘʮʶʶʯʠʭ; 5 ï ʩʢʦʨʦʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʰʣʶʙʫ; 6 ï ʩʢʦʨʦʯʝʥʥʷ ʥʝʟʘʚʝʨʰʝʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. 

3. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʈʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨ ʊʇ ʥʘ ʟʘʜʘʥʽʡ ʤʥʦʞʠʥʽ 

ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ.  

ʄʝʪʦʜ ʘʥʘʣʽʟʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦ ʪʠʧʦʚʽʡ ʜʝʪʘʣʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʯʝʨʝʟ ʪʨʫʜʥʦʱʽ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʧʽʜʙʦʨʫ ʪʠʧʦʚʦʛʦ ʧʨʝʜʩʪʘʚʥʠʢʘ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʽʥʪʝʛʨʘʣʴʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʥʘ ʈʄ 

ʦʧʨʘʮʴʦʚʫʻʪʴʩʷ ʧʝʚʥʘ ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʝʪʘʣʝʡ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 
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ʜʝ t ʟ p 1 - ʉʝʨʝʜʥʽʡ ʯʘʩ ʦʙʨʦʙʢʠ ʦʜʥʦʛʦ ʚʠʨʦʙʫ; S - ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʭʦʜʽʚ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʧʨʦʮʝʩʽ 

ʦʙʨʦʙʢʠ; t x 1 - ʩʝʨʝʜʥʽʡ ʯʘʩ ʫʩʪʘʥʦʚʢʠ (ʟʥʽʤʘʥʥʷ) ʜʝʪʘʣʽ ʧʨʠ ʥʝʩʫʤʽʱʝʥʠʭ ʭʦʣʦʩʪʠʭ ʧʝʨʝʤʽʱʝʥʥʷʭ; t x 2 ï 

ʩʝʨʝʜʥʽʡ ʯʘʩ ʟʘʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ ʚʝʣʠʯʠʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʪʫʯʥʦ ʚʠʣʫʯʠʪʠ ʟ 

ʘʥʘʣʽʟʫ ʚʩʽ ʝʢʩʪʨʝʤʘʣʴʥʽ ʨʝʞʠʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ. ʆʜʥʘʢ ʟʘʣʝʞʥʽʩʪʴ (1) ʟʨʫʯʥʘ ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ, ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥʠ ʨʽʟʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʦʤʝʥʢʣʘʪʫʨʠ ʪʘ 

ʦʙʨʦʙʥʦʾ ʩʠʩʪʝʤʠ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʤ ʫ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʻ ʘʥʘʣʽʟ ʇʉ, ʢʦʣʠ ʦʙʯʠʩʣʝʥʥʷ Q ʫ ʷʚʥʽʡ ʬʦʨʤʽ 

ʥʝʤʦʞʣʠʚʝ, ʪʦʤʫ ʱʦ ʚ ʥʽʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʩʧʽʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʜʝʪʘʣʝʡ ʨʽʟʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ. ʎʝ ʟʫʤʦʚʣʶʻ 

ʧʦʻʜʥʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʯʘʩʽ ʪʘ ʧʨʦʩʪʦʨʽ, ʪ. ʝ. ʢʽʣʴʢʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʱʦ ʚʽʜʙʠʚʘʶʪʴ ʧʦʨʷʜʦʢ ʧʨʦʭʦʜʫ ʟʘʛʦʪʦʚʦʢ ʯʝʨʝʟ ʨʽʟʥʽ ʨʦʙʦʯʽ ʤʽʩʮʷ, ʧʝʨʝʪʠʥʘʶʪʴ ʦʜʥʝ 

ʦʜʥʦʛʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʜʥʦʛʦ ʡ ʪʦʛʦ ʞ ʦʙʣʘʜʥʘʥʥʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʧʝʨʝʪʠʥʫ ʫʪʚʦʨʶʻʪʴʩʷ ʯʝʨʛʦʚʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʨʽʟʥʠʭ ʟʘʛʦʪʦʚʦʢ (ʧʘʨʪʽʡ ʟʘʛʦʪʦʚʦʢ ʨʽʟʥʦʛʦ ʥʘʡʤʝʥʫʚʘʥʥʷ) ʯʝʨʝʟ ʢʦʞʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ. ʆʪʨʠʤʘʥʽ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ, ʾʭʥʻ ʧʨʠʟʥʘʯʝʥʥʷ ʻ ʘʢʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʚʠʨʦʙʥʠʮʪʚʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʇʉ ʩʣʽʜ ʦʮʽʥʶʚʘʪʠ ʧʦ ʚʠʭʦʜʫ ʧʨʠʜʘʪʥʦʾ ʧʨʦʜʫʢʮʽʾ ʽʟ ʩʠʩʪʝʤʠ ʪʘ ʩʧʽʣʴʥʦ ʟ ʮʠʤ 

ʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʧʦ ʨʦʙʦʯʠʭ ʤʽʩʮʷʭ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʧʨʦʩʪʦʾ ʟ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʠʯʠʥ, ʦʙʫʤʦʚʣʝʥʽ ʪʠʤ, ʱʦ 

ʧʝʨʝʭʽʜ ʟ ʦʜʥʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ ʥʘ ʽʥʰʝ ʤʦʞʝ ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʘʙʦ ʦʯʽʢʫʚʘʥʥʷʤ ʧʘʨʪʽʻʶ ʟʘʛʦʪʦʚʦʢ, ʧʦʢʠ 

ʟʚʽʣʴʥʠʪʴʩʷ ʥʘʩʪʫʧʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ, ʘʙʦ ʧʨʦʩʪʦʻʤ ʚʝʨʩʪʘʪʘ, ʱʦ ʯʝʢʘʻ ʥʘ ʟʘʛʦʪʦʚʢʫ ʟ ʧʦʧʝʨʝʜʥʴʦʾ ʧʦʟʠʮʽʾ. 

ʆʪʞʝ, ʟʘʚʜʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʇʉ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʬʦʨʤʫʚʘʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʟʘ ʢʨʠʪʝʨʽʻʤ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ, 

ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʘʚʘʥʪʘʞʝʥʥʶ ʦʙʣʘʜʥʘʥʥʷ ʘʙʦ ʤʽʥʽʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʈʦʟʨʘʭʫʥʢʠ ʫ ʨʘʟʽ ʧʨʦʚʦʜʷʪʴʩʷ ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʟ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ ʯʠ ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʆʧʪʠʤʽʟʘʮʽʷ ʥʘʚʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʜʘʥʠʭ ʚʠʭʽʜʥʦʛʦ 

(ʙʘʟʦʚʦʛʦ) ʚʘʨʽʘʥʪʘ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʦʙʨʦʙʢʠ. ɼʦ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

ʘʙʦ ʛʝʥʝʨʘʮʽʷ ʥʦʚʠʭ (ʢʦʨʠʛʫʚʘʥʥʷ ʩʪʘʨʠʭ) ʤʘʨʰʨʫʪʽʚ ʦʙʨʦʙʢʠ, ʘʙʦ ʛʝʥʝʨʘʮʽʷ ʥʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʦʙʨʦʙʢʠ 

ʟʘ ʤʦʞʣʠʚʦʾ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤʥʠʭ ʦʙʤʝʞʝʥʴ (ʢʽʣʴʢʦʩʪʽ ʪʘ ʚʠʜʫ ʆʋ). ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʦʚʠʡ ʮʠʢʣ ʦʙʯʠʩʣʝʥʴ, 

ʽ ʪʘʢ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʜʦ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ɿʘ ʥʘʷʚʥʦʩʪʽ ʷʚʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʪʘ ʪʝʭʥʽʯʥʠʤʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʪʘ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ɼʇʉ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚʽʜʥʦʩʥʠʡ ʧʦʢʘʟʥʠʢ ( ji ), ʷʢʠʡ ʻ ʚʽʜʥʦʰʝʥʥʷʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʦʪʦʯʥʦʛʦ ( Q i ) ʽ ʙʘʟʦʚʦʛʦ ( Q ʙ ) ʚʘʨʽʘʥʪʽʚ: 

()i

i

ʙ

Q
. 2

Q
f =  

ʇʨʠ ʮʴʦʤʫ ʦʮʽʥʢʫ ʨʝʟʝʨʚʽʚ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʩʢʣʘʜʦʚʠʤʠ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʨʽʟʥʠʭ ʟʤʽʥ ʫ ʇʉ 

ʘʙʦ ʾʾ ʬʫʥʢʮʽʷʭ ʥʘ ʨʝʟʫʣʴʪʘʪ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʟʘ ʙʘʣʘʥʩʦʤ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ (ʨʠʩ 3). 

ɿ ʤʘʣʶʥʢʘ ʩʣʽʜ, ʦʩʥʦʚʥʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʣʷʛʘʶʪʴ ʫ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʪʢʠ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ ʣʶʜʠʥʠ ʫ ʚʠʨʦʙʥʠʯʦʤʫ ʧʨʦʮʝʩʽ, ʪʦʙʪʦ. ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ 

ʧʨʦʮʝʩʫ. ʊʦʜʽ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɼʇʉ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ: 
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ʅʝʜʦʩʢʦʥʘʣʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʆʧʪʠʤʽʟʘʮʽʷ ʪʘ ʩʪʘ-

ʙʽʣʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽ-

ʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ 

ʧʨʦʮʝʩʽʚ 

 

ɺʪʨʘʪʠ ʟ ʪʝʭʥʽʯʥʠʭ ʧʨʠʯʠʥ ʉʪʨʫʢʪʫʨʥʘ ʛʥʫʯ-

ʢʽʩʪʴ 

ɺʪʨʘʪʠ ʟ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʧʨʠʯʠʥ ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʛʥʫʯ-

ʢʽʩʪʴ 

ɺʪʨʘʪʠ ʥʘ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ ʊʝʭʥʦʣʦʛʽʯʥʘ ʛʥʫʯ-

ʢʽʩʪʴ 

ɺʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʪʨʝʪʴʦʾ ʟʤʽʥʠ ʉʢʦʨʦʯʝʥʥʷ ʙʝʟʧʦ-

ʩʝʨʝʜʥʴʦʾ ʫʯʘʩʪʽ 

ʣʶʜʠʥʠ ʫ ʚʠʨʦʙʥʠ-

ʯʦʤʫ ʧʨʦʮʝʩʽ - ʟʙʽ-

ʣʴʰʝʥʥʷ ʨʽʯʥʦʛʦ 

ʬʦʥʜʫ ʯʘʩʫ, ʧʽʜʚʠ-

ʱʝʥʥʷ ʨʽʚʥʷ ʘʚʪʦ-

ʤʘʪʠʟʘʮʽʾ 

ɺʪʨʘʪʠ ʚʽʜ ʚʠʭʽʜʥʠʭ ʪʘ ʩʚʷʪʢʦʚʠʭ ʜʥʽʚ 

  

ʈʠʩ. 3 ï ʌʦʨʤʫʚʘʥʥʷ ʙʘʣʘʥʩʫ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ɼʇʉ [15] 

 

ʇʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ (S) ʩʪʨʫʢʪʫʨʫ ʊʇ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ (Nʦʧ) ʦʧʝʨʘʮʽʡ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ 

M ʩʪ ʚʝʨʩʪʘʪʘʭ (4). 

( )

( )
ʦʧ

ʩʪ

1 0 1 1

0 1 1 0
S ,

1 0 1 1

1 1 0 1

ʊʇ j 1, N 4 ,

ʉʊ i 1, M 4 .

ûè ø
îé ù
îé ù=
îé ù
îé ùî

ê úü
î
î
îÍ = =
î

Í = =îý

      (4) 

ʜʝ i , j ï ʥʦʤʝʨʠ ɺʇ ʪʘ ʚʝʨʩʪʘʪʽʚ (ʉʊ), ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʊʇ; 

0 - ʥʘ i -ʤʫ ʚʝʨʩʪʘʪʽ ʥʝ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ j -ʘ ʆʇ; 

1 - ʥʘ i -ʤʫ ʚʝʨʩʪʘʪʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʷ j -ʘ ʆʇ. 

 

ʂʦʞʝʥ ʽʟ ʨʷʜʢʽʚ ʤʘʪʨʠʮʽ S (1) ʚʽʜʧʦʚʽʜʘʻ ʤʦʞʣʠʚʦʤʫ ʚʘʨʽʘʥʪʫ ʚʠʢʦʥʘʥʥʷ ʚʩʴʦʛʦ ʊʇ ʚʘʨʽʘʥʪʫ ʥʘ 

ʟʘʜʘʥʦʤʫ ʚʝʨʩʪʘʪʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʞʦʜʝʥ ʽʟ ʚʝʨʩʪʘʪʽʚ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʚʥʽʩʪʶ ʚʠʢʦʥʘʪʠ ʦʙʨʦʙʢʫ ʧʦ 

ʟʘʜʘʥʦʤʫ ʊʇ. 

1. ɺʠʟʥʘʯʠʤʦ ʧʘʨʠ ʧʦʩʣʽʜʦʚʥʦ ʥʘʩʪʫʧʥʠʭ ʦʜʠʥ ʟʘ ʦʜʥʠʤ ʦʧʝʨʘʮʽʡ ʟ ʥʦʤʝʨʘʤʠ ( n ʽ n+1) (ʤʘʪʨʠʮʷ S ), 

ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʥʘ ʜʚʦʭ ʨʽʟʥʠʭ ʚʝʨʩʪʘʪʘʭ : (n

mst ) ʽ ʦʜʥʠʤ ʽʟ ʚʝʨʩʪʘʪʽʚ ( )n 1 n 1 n 1

f k lst ,st ,st+ + +
, ʟʘʧʠʩ (5) : 

[ ] [ ] []

[ ] [ ]

[ ] [ ] [ ]

1 ʘ ʦʧʝʨʘʮʽʷ 2 ʘʦʧʝʨʘʮʽʷ

1 2 4 ; 3 2 4 ; 4 2 .

2 ʘ ʦʧʝʨʘʮʽʷ 3 ʘʦʧʝʨʘʮʽʷ

2 1 3 ; 4 1 2 3 .

3 ʘ ʦʧʝʨʘʮʽʷ 4 ʘʦʧʝʨʘʮʽʷ

1 3 4 ; 2 1 3 4 ; 3 1 4 .

- - -

- - -

- - -

      (5) 
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ʈʠʩ. 4 ï ʇʨʠʢʣʘʜ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʊʇ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʽʤʽʪʘʮʽʡʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʄʉʇ ʜʽʣʴʥʠʮʽ ʦʙʨʦʙʢʠ ʣʦʧʘʪʦʢ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʚ ɺɸʊ çʊʋʈɹʆɸʊʆʄè 

ʎʠʤ ʤʘʪʨʠʮʷʤ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʘ ʚʠʜʫ (6) 

[ ]

n 1

f

n 1

n k

m

n 1

l

st

st
m f ,k, , l st .

st

+

+

+

å õ
æ ö
æ ö¹ ­
æ ö
æ öæ ö
ç ÷

      (6) 

ɼʝ  Ÿ  ʟʥʘʢ ʧʝʨʝʭʽʜ ʚʽʜ ʚʠʢʦʥʘʥʥʷ n ï ʦʧʝʨʘʮʽʾ ʥʘ m -ʤʫ ʚʝʨʩʪʘʪʽ ʜʦ ʚʠʢʦʥʘʥʥʷ n +1 ï ʥʦʤʝʨ ʥʘʩʪʫʧʥʦʛʦ 

ʦʧʝʨʘʮʽʾ ʥʘ ʦʜʥʦʤʫ ʟ ʜʦʧʫʩʪʠʤʠʭ ʜʣʷ ʾʾ ʚʠʢʦʥʘʥʥʷ ʚʝʨʩʪʘʪʽʚ. 

2. ɺʠʟʥʘʯʘʻʤʦ ʟʚ'ʷʟʢʠ ʤʽʞ ʤʘʪʨʠʮʷʤʠ (2) ʥʘ ʦʩʥʦʚʽ ʟʘʪʚʝʨʜʞʝʥʥʷ (7) 

( ) ( )
( ) ( )

ʩʪ ʩʪ

n n 1
m f

m 1,N f 1,M
n n 1 n n 1

m f m f
C m C f m CT st ,st

st ,st st st
+

= =
+ +

' ' ¸ Í

" " $ Ý ­ .     (7) 

ʌʦʨʤʫʚʘʥʥʷ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ, ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʚʝʨʩʪʘʪʘʭ ( n n 1

m fst ,st+ ; n n 1

m fst ,st+ ; n n 1

m fst ,st+; é), 

ʧʦʯʠʥʘʻʪʴʩʷ ʟ 1-ʾ ʦʧʝʨʘʮʽʾ ʊʇ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʩʪʘʥʥʴʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʪʚʝʨʜʞʝʥʥʷ (7). ʆʪʨʠʤʘʥʝ ʨʽʰʝʥʥʷ 

ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʘ (ʨʠʩ. 1), ʬʦʨʤʫʣʴʥʠʡ ʟʘʧʠʩ ʷʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʚʠʛʣʷʜʽ (8) 

1.1 (2.2 (3.1 (4.3 4.4) 3.3 (4.1 4.4)) 2.4 (3.1 (4.3 4.4) 3.2 (4.1 4.3 4.4) 3.3 (4.1 4.4)))

1.3 (2.2 (3.1 (4.3 4.4) 3.3 (4.1 4.4)) 2.4 (3.1 (4.3 4.4) 3.2 (4.1 4.3 4.4) 3.3 (4.1 4.4)))

1.4 2.2 (3

³ ³ ³ + + ³ + + ³ ³ + + ³ + + + ³ + +

+ ³ ³ ³ + + ³ + + ³ ³ + + ³ + + + ³ + +

+ ³ ³.1 (4.3 4.4) 3.3 (4.1 4.4)). (8)³ + + ³ +

 

ʜʝ: n.m ï ʧʦʟʥʘʯʝʥʥʷ ʥʦʤʝʨʘ ʦʧʝʨʘʮʽʾ (n) ʪʘ ʥʦʤʝʨʘ ʚʝʨʩʪʘʪʘ (m), ʜʝ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ; 

ʟʥʘʢ " "³ - ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʨʦʭʦʜʞʝʥʥʷ ʦʧʝʨʘʮʽʡ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ (ʨʠʩ. /); 

ʟʥʘʢ " "+ - ʧʝʨʝʭʽʜ ʥʘ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʝʨʩʪʘʪʽʚ ( m ) ʥʘ ʦʧʝʨʘʮʽʾ ʟ ʥʦʤʝʨʦʤ (n). 

 

ɺʘʨʽʘʥʪ ʦʙʨʦʙʢʠ ʚʠʨʦʙʫ ʚ ʜʘʥʦʤʫ ʧʨʠʢʣʘʜʽ ʦʧʠʩʫʻʪʴʩʷ ʟʘʧʠʩʦʤ (5) ʧʦʯʠʥʘʶʯʠ ʟ ʥʦʤʝʨʘ 1.m - ʧʝʨʰʘ 

ʦʧʝʨʘʮʽʷ ʪʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʟʘʧʠʩʦʤ ʟ ʥʦʤʝʨʦʤ 4.f . ï ʦʩʪʘʥʥʷ ʦʧʝʨʘʮʽʷ ʟ ʮʴʦʛʦ ʊʇ: 

ʅʘʧʨʠʢʣʘʜ: 

1.1 2.2 3.1 4.3

1.1 2.2 3.1 4.4

.
1.3 2.2 3.3 4.4

1.4 2.2 3.3 4.4

³ ³ ³û
î

³ ³ ³
î
îî
ü

³ ³ ³î
î
î

³ ³ ³îý

     (9) 
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ʈʠʩ. 5 ï ɺʭʽʜʥʽ ʜʘʥʽ , ʧʨʦʛʨʘʤʘ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʬʦʨʤʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʊʇ 

 

ɿʥʘʢ " "+ʽʟ ʟʘʧʠʩʫ ʚʠʢʣʶʯʘʻʪʴʩʷ, ʪʦʙʪʦ. ʢʦʞʝʥ ʽʟ ʟʘʧʠʩʽʚ (6) ʻ ʟʘʧʠʩ çʙʝʟʚʘʨʽʘʥʪʥʦʾ ʦʙʨʦʙʢʠ ʧʦ 
ʟʘʜʘʥʦʤʫ ʊʇè. 

ɼʘʥʠʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʽʟʦʚʘʥʠʡ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʊʇ ʫ ʩʝʨʝʜʦʚʠʱʽ ʧʘʢʝʪʘ 

MathCad 14, ʷʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 5, ʙ,  ʘ ʚʭʽʜʥʽ ʜʘʥʽ ʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ï ʥʘ ʨʠʩ. 5,ʘ ʪʘ 5, ʚ. 

ɻʨʘʬʽʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 6. 

ɸ. ɺʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ (ʩʪʨʫʢʪʫʨʘ 

ʪʘ ʟʤʽʩʪ 

ɹ. ʇʨʦʛʨʘʤʘ ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬ-ʜʝʨʝʚʘ 

ʚʘʨʽʘʥʪʽʚ ʤʘʨʰʨʫʪʫ ʦʙʨʦʙʢʠ 

ɺ. ʈʝʟʫʣʴʪʘʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʛʨʘʬʫ ʊʇ 
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ʅʘʚʝʜʝʥʠʡ ʘʣʛʦʨʠʪʤ ʨʝʘʣʽʟʦʚʘʥʦ ʫ ʚʠʛʣʷʜʽ ʧʽʜʩʠʩʪʝʤʠ ʛʝʥʝʨʘʮʽʾ ʚʘʨʽʘʥʪʽʚ ʊʇ ʩʠʩʪʝʤʠ  ʽʤʽʪʘʮʽʡʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʙʘʛʘʪʦʥʦʤʝʥʢʣʘʪʫʨʥʦʛʦ ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ çGPSè [28 - 30]. 

 

 

 

ʈʠʩ. 6 - ɻʨʘʬ-ʜʝʨʝʚʦ ʚʘʨʽʘʥʪʽʚ ʊʇ, ʟʛʝʥʝʨʦʚʘʥʠʭ ʟʘ ʧʨʦʧʦʥʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʦʤ 

 

4. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɻʦʣʦʚʥʦʶ ʚʽʜʤʽʥʥʽʩʪʶ ɼʇʉ ʚʽʜ ʚʽʜʦʤʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʚʠʜʢʦʾ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʪʦʙʪʦ. ʛʥʫʯʢʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʧʨʦʪʷʛʦʤ ʟʘʧʣʘʥʦʚʘʥʦʛʦ ʯʘʩʫ 

ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʫʯʘʩʪʶ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ, ʟʜʘʪʥʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʾ ʟʤʽʥʠ ʭʦʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 



ISSN 2079ï004ʍ(Print), ISSN 2786ï7587(Online). ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2023.ˉ2 (8) 47 

ʧʨʠ ʟʤʽʥʘʭ ʚʠʭʽʜʥʦʛʦ ʩʪʘʥʫ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʮʽʣʝʩʧʨʷʤʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʨʦʙʦʪʘ ʤʦʜʫʣʽʚ, 

ʘʛʨʝʛʘʪʽʚ ʪʘ ʧʨʠʩʪʨʦʾʚ. 

ʈʘʟʦʤ ʟ ʪʠʤ, ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ɺʉ, ʷʢ ʽ ʨʘʥʽʰʝ, 

ʜʽʣʠʪʴʩʷ ʥʘ ʜʚʘ ʝʪʘʧʠ: ʪʝʭʥʦʣʦʛʽʯʥʫ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʫ ʧʽʜʛʦʪʦʚʢʫ ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ, ʧʨʠ ʛʥʫʯʢʦʩʪʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʟʜʘʻʪʴʩʷ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʞʦʨʩʪʢʠʭ ʩʭʝʤ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ɺʉ , ʚ ʷʢʠʭ 

ʚʘʨʽʶʚʘʪʠ ʧʨʦʮʝʩʘʤʠ ʦʙʨʦʙʢʠ ʤʦʞʣʠʚʦ ʪʽʣʴʢʠ ʥʘ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʘ ʾʾ 

ʦʨʛʘʥʽʟʘʮʽʡʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʨʽʻʥʪʫʻʪʴʩʷ ʥʘ ʟʘʜʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ. ʎʝ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻ ʚʠʨʦʙʥʠʯʠʡ 

ʧʦʪʝʥʮʽʘʣ ɼʇʉ ʪʘ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʨʠʚʽʘʣʴʥʦʛʦ ʢʦʧʽʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʧʨʘʮʽ. 

ʇʨʦʙʣʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻʇʉ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʮʴʦʤʫ, ʚʞʝ ʥʝ ʤʦʞʥʘ 

ʚʠʨʽʰʠʪʠ ʪʽʣʴʢʠ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʯʘʩʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ, ʪʘʢ ʷʢ ʚʦʥʦ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ 6 - 20% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠ ʮʴʦʤʫ 

ʯʘʩʪʢʘ ʜʦʧʦʤʽʞʥʦʛʦ ʯʘʩʫ ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 50 - 60%. ʊʦʤʫ ʦʩʥʦʚʥʠʡ ʥʘʛʦʣʦʩ 

ʟʨʦʙʣʝʥʦ ʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ, ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʫ 

ʚʝʯʽʨʥʽ ʪʘ ʥʽʯʥʽ ʟʤʽʥʠ, ʨʽʟʢʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʯʘʩʫ ʧʝʨʝʥʘʣʘʛʦʜʞʝʥʥʷ, ʧʝʨʝʦʩʥʘʱʝʥʥʷ, ʟʤʽʥʠ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʧʨʘʚʣʽʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʉʴʦʛʦʜʥʽ ʩʪʘʣʦ ʦʯʝʚʠʜʥʠʤ, ʱʦ ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʝʪʦʜʦʣʦʛʽʯʥʽ ʟʘʩʘʜʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

âʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʚʨʘʭʦʚʫʻ ʰʚʠʜʢʫ ʟʤʽʥʫ ʫʤʦʚ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ. 

ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ 

ʨʽʟʘʥʥʷʤ ʰʣʷʭʦʤ ʾʾ ʧʝʨʝʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʪʝʛʨʘʮʽʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚʠʨʦʙʥʠʮʪʚʘ ʟ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʨʦʜʥʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʙʣʝʤʦʶ. 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʩʥʦʚʥʠʭ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʦʧʝʨʘʮʽʡ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, 

ʱʦ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʮʝʡ ʧʨʦʮʝʩ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ " ʽʥʪʝʣʝʢʪʫʘʣʽʟʘʮʽʶ " ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ɼɺʉ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʘʜʘʧʪʠʚʥʝ ʫʧʨʘʚʣʽʥʥʷ ʦʩʥʦʚʥʠʤʠ ʪʘ ʜʦʧʦʤʽʞʥʠʤʠ ʦʧʝʨʘʮʽʷʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚ ʟʘʛʘʣʴʥʦʤʫ ʦʙʩʷʟʽ ʚʠʪʨʘʪ ʥʘ ʩʪʚʦʨʝʥʥʷ ɼʇʉ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ 

ʟʘʡʤʘʶʪʴ ʥʝ ʤʝʥʰʝ 50%, ʷʢ ʽ ʨʘʥʽʰʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʧʦʚʥʽʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʜʦ 

ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ, ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʛʥʫʯʢʽʩʪʴ. 

ɺʦʥʠ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʥʫ ʨʝʩʫʨʩʦʤʽʩʪʢʽʩʪʴ ʮʴʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʷʢ ʫ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ, ʽ 

ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, ʩʪʨʫʢʪʫʨʥʘ ʩʢʣʘʜʥʽʩʪʴ ɼɺʉ ʚʠʟʥʘʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʪʷ ʥʝ ʢʨʘʱʠʭ 

ʨʽʰʝʥʴ, ʧʦʤʠʣʦʢ ʪʘ ʧʨʦʨʘʭʫʥʢʽʚ ʧʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʘʭ ʨʦʙʦʪʠ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʗʢ 

ʽʥʩʪʨʫʤʝʥʪ, ʱʦ ʧʝʚʥʦʶ ʤʽʨʦʶ ʦʙʤʝʞʫʻ ʪʚʦʨʮʽʚ ʪʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ɻʇʉ ʚʽʜ ʥʝʚʠʧʨʘʚʜʘʥʦʛʦ ʚʠʪʨʘʯʘʥʥʷ 

ʣʶʜʩʴʢʠʭ, ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʝʪʦʜʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʊʦʤʫ ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʭʥʽʯʥʘ, ʪʝʭʥʦʣʦʛʽʯʥʘ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʠ ʇʉ, ʚ ʨʘʤʢʘʭ ʷʢʦʾ, ʷʢ 

ʧʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʤʝʪʦʜʠ ʫʧʨʘʚʣʽʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʢʦʤʧʦʥʫʚʘʥʥʷʤ ʛʥʫʯʢʦʾ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ ʥʘ ʨʽʚʥʽ ʜʽʣʷʥʢʠ ʪʘ 

ʮʝʭʫ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟʘʜʘʥʦʾ ʷʢʦʩʪʽ ʫ ʩʪʨʦʢʠ, ʦʙʫʤʦʚʣʝʥʽ ʧʣʘʥʦʤ ʚʠʧʫʩʢʫ. 

ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ɼɺʉ ʧʦʢʘʟʘʚ, ʱʦ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʩʠʩʪʝʤ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʻ ʝʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ. ʗʢ ʙʘʟʦʚʠʡ 

ʤʝʪʦʜ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʨʘʥʠʡ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʠʡ ʤʝʪʦʜ, ʱʦ ʽʥʪʝʛʨʫʻ ʫ ʩʦʙʽ ʧʝʨʝʚʘʛʠ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʦʨʽʻʥʪʦʚʘʥʠʭ ʧʨʦʮʝʩʠ.. 

 

5. ɺʠʩʥʦʚʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʠ 

ʤʝʪʘʣʽʚ ʨʽʟʘʥʥʷʤ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʩʥʦʚ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʱʦ ʚʢʣʶʯʘʻ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʯʦʾ ʩʠʩʪʝʤʠ ʚ ʫʤʦʚʘʭ 

ʩʝʨʽʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

ɼʣʷ ʮʴʦʛʦ ʚʠʨʽʰʝʥʽ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ɺʉ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʝʨʝʜʥʴʦʾ 

ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʚʠʪʨʘʪ ʥʘ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ; 

2. ʇʨʠʧʠʩʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʙʘʛʘʪʦʚʘʨʽʘʥʪʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʦʩʥʦʚʽ 

ʘʥʘʣʽʟʫ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ɺʉ ɿʄʈ. 

3. ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʩʧʨʷʤʦʚʘʥʦʾ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 
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 ʊɽʆʈɽʊʀʏʅɽ ɺʀɿʅɸʏɽʅʅʗ ʊɽʄʇɽʈɸʊʋʈʀ ʈɯɿɸʅʅʗ ʇʈʀ ʃɽɿʆɺɯʁ ʆɹʈʆɹʎɯ 

 
ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʇʝʨʰʘ 

ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʨʘʭʫʚʘʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚ ʯʘʩʽ ʟʥʷʪʪʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ 
ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ, ʢʦʣʠ ʟʚ'ʷʟʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʙʝʟʫʧʠʥʥʦ ʢʦʥʪʘʢʪʫʻ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɼʨʫʛʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ ʚ ʫʤʦʚʘʭ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʠʭ ʟʩʫʚʽʚ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʚʟʜʦʚʞ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʦʙʨʦʙʣʶʚʘʥʦʾ 
ʜʝʪʘʣʽ. ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʾʭ ʟʥʘʯʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʜʦ 10 ʨʘʟʽʚ. ʎʝ ʤʘʻ ʤʽʩʮʝ 

ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟʚ'ʷʟʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʽʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʇʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ 

ʢʽʣʴʢʽʩʪʴ ʚʠʥʠʢʘʶʯʠʭ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʟʩʫʚʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝʟʥʘʯʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 
ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʧʨʠʚʝʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʟʠʮʽʡ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ 

ʚʽʜ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ. 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʙʘʣʘʥʩ ʪʝʧʣʘ, ʪʦʯʽʥʥʷ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʨʠʪʝʨʽʡ, ʜʞʝʨʝʣʦ ʪʝʧʣʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʨʪʷ, ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ, ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ 

 

ʅʆɺʀʂʆɺ ʌ. ɺ., ʇʆʃʗʅʉʂʀʁ ɺ. ʀ. 

ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʈɽɿɸʅʀʗ ʇʈʀ ʃɽɿɺʀʁʅʆʁ ʆɹʈɸɹʆʊʂɽ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʜʚʝ ʨʘʩʯʝʪʥʳʝ ʩʭʝʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʝʨʚʘʷ 

ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʫʯʝʪʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʩʲʝʤʘ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʠʛʘʝʤʦʛʦ ʚ 

ʫʩʣʦʚʠʷʭ ʰʣʠʬʦʚʘʥʠʷ, ʢʦʛʜʘ ʩʚʷʟʢʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʥʝʧʨʝʨʳʚʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺʪʦʨʘʷ ʨʘʩʯʝʪʥʘʷ 
ʩʭʝʤʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʪʨʫʞʢʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʨʝʟʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʲʝʤʦʚ ʤʘʪʝʨʠʘʣʘ ʚʜʦʣʴ ʫʩʣʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩʜʚʠʛʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʜʝʪʘʣʠ. ʈʘʩʯʝʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʟʘʥʠʷ 
ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʜʦ 10 ʨʘʟ. ʕʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʰʣʠʬʦʚʘʥʠʠ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʢʦʥʪʘʢʪʘ ʩʚʷʟʢʠ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʩ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʨʠ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʩʜʚʠʛʦʚʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʦʙʲʝʤʦʚ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʝʟʘʥʠʷ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʦʙʨʘʙʦʪʢʠ, ʧʨʠʚʝʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʟʘʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩ ʥʦʚʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʦʙʦʩʥʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʥʘ ʬʠʥʠʰʥʳʭ ʦʧʝʨʘʮʠʷʭ ʦʪ ʧʨʦʮʝʩʩʘ ʰʣʠʬʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ 

ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʙʘʣʘʥʩ ʪʝʧʣʘ, ʪʦʯʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ, ʠʩʪʦʯʥʠʢ ʪʝʧʣʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʨʝʥʠʷ, ʢʘʯʝʩʪʚʦ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʫʩʣʦʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʨʝʟʘʥʠʷ 
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THEORETICAL DETERMINATION OF CUTTING TEMPERATURE DURING BLADE PROCESSING  

 
The paper proposes two calculation schemes for determining the cutting temperature during mechanical processing. The first calculation 

scheme is based on taking into account the continuous uniform removal of the processed material over time, which is achieved in grinding 

conditions, when the connection of the grinding wheel is in continuous contact with the processed material. The second calculation scheme is 
based on the fact that the process of chip formation during cutting under the conditions of blade processing is carried out by periodic shifts of 

elementary volumes of the material along the conventional shear plane, which is located at a certain angle to the direction of movement of the 

processed part. Calculations have established that with their significant increase, the cutting temperature can increase up to 10 times. This occurs 
when grinding in conditions of continuous contact between the bond of the grinding wheel and the processed material. During blade processing, 

the number of shear elementary volumes of the processed material arising in the cutting zone is insignificant, which allows you to reduce the 

cutting temperature and increase the quality and productivity of processing, bring the calculated and experimental values of the cutting 
temperature into line. This makes it possible to justify the effectiveness of the transition from the grinding process to modern methods of blade 

processing in the finishing operations from new theoretical positions. 

Key words: heat balance, turning, temperature criterion, heat source, friction intensity, processing quality and productivity, conventional 
cutting stress 

 

ɺʩʪʫʧ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʙʽʨʥʠʭ ʨʽʞʫʯʠʭ ʣʝʟʦʚʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʽ ʢʝʨʘʤʽʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʽ 

ʟʥʦʩʦʩʪʽʡʢʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʟʘʢʦʨʜʦʥʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜʢʨʠʣʦ ʰʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟ ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʚ ʜʘʥʠʡ ʯʘʩ ʧʽʜʧʨʠʻʤʩʪʚʘ ʋʢʨʘʾʥʠ ʦʩʥʘʱʫʶʪʴʩʷ ʩʫʯʘʩʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ 

ʟʽ ʟʥʘʯʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ, ʪʦʯʥʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ. ʆʜʥʘʢ, 

ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʙʽʨʥʠʭ ʨʽʞʫʯʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʣʝʟʦʚʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʽ ʟʥʦʩʦʩʪʽʡʢʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ ʟ ʤʝʪʦʶ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʤʘʛʘʻ ʛʣʠʙʦʢʠʭ ʟʥʘʥʴ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ, 

ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʪʝʨʤʽʥʠ ʦʢʫʧʥʦʩʪʽ ʚʠʪʨʘʪ ʥʘ ʾʭ ʧʨʠʜʙʘʥʥʷ ʤʦʞʫʪʴ 

ʚʠʷʚʠʪʠʩʷ ʟʥʘʯʥʠʤʠ ʽʟ-ʟʘ ʚʠʩʦʢʦʾ ʩʦʙʽʚʘʨʪʦʩʪʽ ʦʙʨʦʙʢʠ. ʇʨʠʢʣʘʜʦʤ ʪʦʤʫ ʻ ʜʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʋʢʨʘʾʥʠ ʩʫʯʘʩʥʠʭ (ʧʨʦʪʝ ʜʦʩʪʘʪʥʴʦ ʢʦʰʪʦʚʥʠʭ) ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʢʦʨʜʦʥʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ. ʗʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʚʥʘʩʣʽʜʦʢ ʥʝʦʙˇʨʫʥʪʦʚʘʥʠʭ ʫʤʦʚ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʤʦʞʝ 

ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʚʘʪʠ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʙʨʦʙʢʠ ʚʽʪʯʠʟʥʷʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʊʦʤʫ ʜʣʷ ʾʭ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ 

ʥʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʫ ʡ ʩʠʣʦʚʫ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. ɿʥʘʯʥʦʶ ʤʽʨʦʶ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ, ʷʢʘ 

ʚʠʟʥʘʯʘʻ ʩʪʽʡʢʽʩʪʴ ʣʝʟʦʚʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʦʙʨʦʙʢʠ. ʊʦʤʫ ʫ ʨʦʙʦʪʽ ʚʠʨʽʰʫʻʪʴʩʷ 

ʘʢʪʫʘʣʴʥʝ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʝ ʟʘʚʜʘʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ  ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ 



ISSN 2079ï004ʍ(Print), ISSN 2786ï7587(Online). ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2023.ˉ2 (8) 51 

ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʜʦʩʷʛʥʝʥʴ ʪʘ ʣʽʪʝʨʘʪʫʨʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʽ  ʦʧʫʙʣʽʢʦʚʘʥʦ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʚʠʟʥʘʯʝʥʥʶ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ 

ʤʘʪʝʨʽʘʣʽʚ. ʋ ʮʠʭ ʨʦʙʦʪʘʭ [6, 8, 10, 13] ʥʘʚʝʜʝʥʦ ʢʣʘʩʠʯʥʽ ʨʽʰʝʥʥʷ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʟʘʜʘʯ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʪʨʠʤʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. ʊʘʢʦʞ ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ 

ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʧʪʠʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʨʠʪʝʨʽʻʤ  ʥʘ ʦʩʥʦʚʽ ʚʠʨʽʰʝʥʥʷ ʢʣʘʩʠʯʥʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʦʙʣʠʚʦ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʮʝʩʽʚ ʰʣʽʬʫʚʘʥʥʷ [9, 11, 12, 14], ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʪʘ ʥʘ ʷʢʠʭ, ʷʢ  ʧʨʘʚʠʣʦ, ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʝʬʝʢʪʠ (ʧʨʠʧʽʢʘʥʥʷ, ʤʽʢʨʦʪʨʽʱʠʥʠ 

ʪʦʱʦ) ʥʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʥʷʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. ʇʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ, ʷʢ ʧʦʢʘʟʫʻ ʧʨʘʢʪʠʢʘ, ʩʠʣʦʚʘ ʽ 

ʪʝʧʣʦʚʘ ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʥʠʞʯʽ, ʥʽʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ [13]. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʪʝʧʣʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʧʨʠʜʽʣʷʻʪʴʩʷ ʤʝʥʰʝ ʫʚʘʛʠ ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʨʦʮʝʩʘʤʠ ʰʣʽʬʫʚʘʥʥʷ. ɺʠʭʦʜʷʯʠ ʽʟ 

ʮʴʦʛʦ, ʚʘʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʟʠʮʽʡ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ 

ʦʙʨʦʙʮʽ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʾ ʚ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʦ 

ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʥʘʧʨʷʤʠ ʝʬʝʢʪʠʚʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʥʠʤ 

ʢʨʠʪʝʨʽʻʤ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʽʜʭʦʜʫ 

ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʪʘ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʰʣʷʭʽʚ ʾʾ ʟʤʝʥʰʝʥʥʷ  

ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ: 

Å  ʘʥʘʣʽʪʠʯʥʦ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʟʠʮʽʡ ʚʠʟʥʘʯʠʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʧʨʠ ʤʝʭʘʥʽʯʥʽʡ 

ʦʙʨʦʙʮʽ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʾ ʚ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ ʪʘ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ;  

Å  ʚʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʪʘ 

ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ;  

Å  ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʦʮʽʥʶʚʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʽʰʝʥʴ; 

Å ʨʦʟʨʦʙʠʪʠ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʪʘ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ. 

ʄʘʪʝʨʽʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ 

ʦʙʨʦʙʮʽ ʩʣʽʜ ʩʢʦʨʠʩʪʘʪʠʩʷ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʩʭʝʤʦʶ ʧʣʦʩʢʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʫʭʫ ʪʝʧʣʦʚʦʛʦ 

ʜʞʝʨʝʣʘ ʫʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʨʽʟV  (ʨʠʩ. 1) [5]. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ 

ʘʥʘʣʽʪʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʧʣʘ, ʷʢʝ ʚʠʥʠʢʘʻ ʧʨʠ ʨʽʟʘʥʥʽ ʪʘ ʥʘʜʭʦʜʠʪʴ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʡ ʩʪʨʫʞʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ, ʪʘ ʚʠʟʥʘʯʝʥʦ ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ:  
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ee ,                                                             (1) 

ʜʝ ( )rsq Ö= c/max  ï ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ, ʛʨʘʜ; 

s
 
ï ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ, ʅ/ʤ2;  

ʩ ī ʧʠʪʦʤʘ ʪʝʧʣʦʻʤʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɼʞ/(ʢʛĀʂ);  
r ī ʱʽʣʴʥʽʩʪʴ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʢʛ/ʤ3; 

l ī ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ɺʪ/ʤĀʂ; 

t ï ʯʘʩ ʧʝʨʝʨʽʟʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʩ. 
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ʈʠʩ. 1 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʧʣʦʩʢʦʤʫ ʰʣʽʬʫʚʘʥʥʽ: 1 ï ʰʣʽʬʫʚʘʣʴʥʠʡ ʢʨʫʛ;  

2 ï ʦʙʨʦʙʣʶʚʘʥʠʡ ʤʘʪʝʨʽʘʣ; 3 ï ʘʜʽʘʙʘʪʠʯʥʠʡ ʩʪʝʨʞʝʥʴ (1l  ï ʜʦʚʞʠʥʘ ʟʨʽʟʘʥʦʾ ʯʘʩʪʠʥʠ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ; 2l ï 

ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʘ ʚ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʦʙʨʦʙʣʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ; ʢʨV , ʜʝʪV ï ʚʽʜʧʦʚʽʜʥʦ, ʰʚʠʜʢʦʩʪʽ ʢʨʫʛʘ ʽ 

ʜʝʪʘʣʽ) 
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ʑʦʜʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʣʝʟʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ (ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ) ʰʚʠʜʢʽʩʪʴ ʨʽʟV , ʱʦ ʚʭʦʜʠʪʴ ʫ ʟʘʣʝʞʥʽʩʪʴ 

(1), ʥʝʦʙʭʽʜʥʦ ʚʠʨʘʟʠʪʠ ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ V  (ʨʠʩ. 2,ʘ) [3]: 

btgVVʨʽʟ Ö= ,                                                                     (2) 

ʜʝ   b ï ʫʤʦʚʥʠʡ ʢʫʪ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʦʜʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʨʘʟʽʚ ʨʽʟʟʨʽʟV/ʘ=t   ̔  bss tg/ʩʪ=  [3] ʟʘʣʝʞʥʽʩʪʴ (1) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

b
l

r
q

q
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q tgQ
c

max
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max ee
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=Öö
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÷

õ

æ
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ç

å
-1 ,                                            (3) 

ʜʝ ʟʨʽʟʘ  ï ʪʦʚʱʠʥʘ ʟʨʽʟʫ, ʤ;  

ʟʨʽʟʧʠʪ ʘVQ Ö=   ï ʧʠʪʦʤʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʤ2/ʩ;  

ʩʪs  ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʅ/ʤ2. 
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ʈʠʩ. 2 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʨʽʚʥʦʤʽʨʥʦʛʦ (ʘ)  

ʪʘ ʧʝʨʽʦʜʠʯʥʦʛʦ (ʙ) ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʯʘʩʽ ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ: 1 ï ʨʽʟʝʮʴ;  

2 ï ʦʙʨʦʙʣʶʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ; 3 ï ʩʪʨʫʞʢʘ; 4 ï ʘʜʽʘʙʘʪʠʯʥʠʡ ʩʪʝʨʞʝʥʴ 

 

ɿʘʣʝʞʥʽʩʪʴ (3) ʩʧʨʘʚʝʜʣʠʚʘ ʟʘ ʫʤʦʚʠ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚ ʯʘʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʟ ʧʦʩʪʽʡʥʦʶ 

ʰʚʠʜʢʽʩʪʶ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʚʥʦʤʽʨʥʝ ʚ ʯʘʩʽ ʟʥʷʪʪʷ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ, ʢʦʣʠ ʟʚ'ʷʟʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʙʝʟʫʧʠʥʥʦ ʢʦʥʪʘʢʪʫʵ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʆʜʥʘʢ, ʚ ʫʤʦʚʘʭ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʧʨʦʮʝʩ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʠʭ ʟʩʫʚʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ 

ʚʟʜʦʚʞ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʢʫʪʦʤ b ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ (ʨʠʩ. 

2,ʙ). ʊʦʤʫ ʧʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʙʫʜʝ ʥʝ ʙʝʟʧʝʨʝʨʚʥʠʤ, ʘ ʧʝʨʽʦʜʠʯʥʠʤ 

(ʩʪʨʠʙʢʦʧʦʜʽʙʥʠʤ) ʟ ʢʨʦʢʦʤ n/ʘʘ ʟʨʽʟ=D , ʜʝ n  ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʯʘʩ ʧʝʨʝʤʽʱʝʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ ʚ ʤʝʞʘʭ ʟʦʥʠ ʨʽʟʘʥʥʷ ʜʦʚʞʠʥʦʶ btg/ʘʟʨʽʟ (ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ). ʊʦʙʪʦ, ʥʘ ʧʨʦʪʷʟʽ ʯʘʩʫ ʨʽʟV/ʘDt=  ʜʞʝʨʝʣʦ ʪʝʧʣʘ ʫʤʦʚʥʦ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʨʫʭʦʤʠʤ, ʘ ʧʦʪʽʤ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʴ ʘD  ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʽ ʟʥʦʚʫ ʥʘ 

ʧʨʦʪʷʟʽ ʯʘʩʫ ʨʽʟV/ʘDt=  ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʨʫʭʦʤʠʤ. ʎʝʡ ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ n  ʨʘʟʽʚ. ʆʯʝʚʠʜʥʦ, 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʚ ʮʴʦʤʫ  ʚʠʧʘʜʢʫ  ʙʫʜʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʚʠʧʘʜʢʫ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʚ ʯʘʩʽ ʧʝʨʝʤʽʱʝʥʥʷʤ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ  (ʨʠʩ. 2,ʘ) ʫ ʟʚ'ʷʟʢʫ ʽʟ 

ʧʝʨʽʦʜʠʯʥʠʤ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʡʦʛʦ ʦʩʥʦʚʥʦʾ ʤʘʩʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʯʘʩʪʠʥʘ ʪʝʧʣʘ, ʱʦ ʚʠʥʠʢʘʻ ʚ ʤʦʤʝʥʪ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ 

ʤʘʪʝʨʽʘʣʫ  (ʧʦʨʽʚʥʷʥʦ ʽʟ ʰʣʽʬʫʚʘʥʥʷʤ), ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʫ, ʘ ʥʝ ʚ ʟʘʣʠʰʝʥʫ ʯʘʩʪʠʥʫ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʩʪʝʨʞʥʷ (ʨʠʩ. 2,ʙ). ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʪʦʯʽʥʥʽ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʘʣʽʪʠʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ [3]:    
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2 ,                                                                            (5)                                   

ʜʝ   nt , 1-nt  
ï ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʡʦʛʦ ʧʝʨʝʨʽʟʘʥʥʽ ʥʘ ʚʝʣʠʯʠʥʠ tdVn ʨʽʟÖÖ  ʪʘ 

( ) tdVn ʨʽʟÖÖ-1 , ʩ;  

n  ï ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ;  

n/d tt=  ï ʯʘʩ ʚʽʜʦʢʨʝʤʣʝʥʥʷʤ (ʫ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʽʟʘʥʥʷ) ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʚʽʜ ʡʦʛʦ 

ʦʩʥʦʚʥʦʾ ʤʘʩʠ, ʩ;  

ʨʽʟʟʨʽʟV/ʘ=t  ï ʯʘʩ ʦʙʨʦʙʢʠ, ʩ;  

jsinSaʟʨʽʟÖ=  ï ʪʦʚʱʠʥʘ ʟʨʽʟʫ, ʤ;  

Sï ʧʦʜʘʯʘ, ʤʤ/ʦʙ.;   
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j ï ʛʦʣʦʚʥʠʡ ʢʫʪ ʨʽʟʮʷ ʚ ʧʣʘʥʽ. 

ʏʘʩ ʥʘʛʨʽʚʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʧʨʠ ʡʦʛʦ ʧʝʨʝʨʽʟʘʥʥʽ nt  ʚʠʟʥʘʯʘʻʪʴʩʷ  ʟʘʣʝʞʥʽʩʪʶ [3]:   
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2
02   ï ʛʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʪʝʧʣʘ ʚ ʘʜʽʘʙʘʪʠʯʥʠʡ ʩʪʝʨʞʝʥʴ ʟʘ ʯʘʩ td , ʤ. 

ɼʣʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ: ʪʦʯʽʥʥʷ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45 ʨʽʟʮʝʤ ʽʟ ʛʝʢʩʘʥʽʪʫ-ʈ ʟ j= 450;  V = 100 ʤ/ʭʚ.;             

=S 0,07 ʤʤ/ʦʙ.; t = 0,2 ʤʤ; ʘ = 8Ö10-6 ʤ2/ʩ; ºb  200 (ʟʘ ʜʘʥʠʤʠ ʧʨʦʬʝʩʦʨʘ ʂʦʣʦʤʽʡʮʷ ɺ. ɺ.) ʨʦʟʨʘʭʫʥʢʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ: =t 0,824Ŀ10-4 ʩ; =ʨʽʟV 0,607 ʤ/ʩ; =ʟʨʽʟʘ 0,05 ʤʤ (ʪʘʙʣ. 1).  

ʋ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʝʡ (4) ï (6) ʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥ nt , 2l  ʽ max/qq  ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n, ʧʨʠʡʤʘʶʯʠ ʜʣʷ ʩʪʘʣʽ 45 ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ( )rl Öʩ/  = 8Ö10-6 ʤ2/ʩ. ʅʘ ʨʠʩ. 3 ʛʨʘʬʽʯʥʦ ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ max/qq  ʚ ʟʘʣʝʞʥʦʩʪʽ  ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n . 
 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʪʦʯʽʥʥʽ 

n  410-Ötd , ʩ a 410-Önt , ʩ 2l , ʤʢʤ max/qq  

1 0,824 1,377 ï ï ï 

2 0,412 0,9737 0,000285 0,675 0,1 

3 0,275 0,795 0,0145 4,817 0,3658 

4 0,206 0,6885 0,02961 6,883 0,522 

5 0,165 0,6158 0,041 8,1 0,6158 

6 0,137 0,562 0,05 8,944 0,6729 

7 0,118 0,52 0,0562 9,483 0,7191 

8 0,103 0,487 0,06206 9,965 0,7558 

9 0,0916 0,459 0,06648 10,313 0,7823 

10 0,0824 0,435 0,07027 10,6 0,8042 

11 0,075 0,415 0,073 10,81 0,8205 

 

0                                                          3    6    9     n

0,2

0,4

0,6

0,8

max/qq

 
ʈʠʩ. 3 ï ɿʘʣʝʞʥʽʩʪʴ max/qq  ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n  

 

ɯʟ ʪʘʙʣ. 1 ʪʘ ʨʠʩ. 3 ʚʠʧʣʠʚʘʻ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n  ʯʘʩ nt  

ʟʙʽʣʴʰʫʻʪʴʩʷ (ʧʦʯʠʥʘʶʯʠ ʽʟ n= 2) ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ, ʧʨʠʡʤʘʶʯʠ ʟʥʘʯʝʥʥʷ, ʤʝʥʰʽ ʯʘʩʫ ʧʦʚʥʦʛʦ ʧʝʨʝʨʽʟʘʥʥʷ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ V/l=t . ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʫ nt, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʝʣʠʯʠʥ 2l  ʽ 

max/qq . ʆʪʞʝ, ʯʠʤ ʙʽʣʴʰʝ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n, ʪʠʤ ʙʽʣʴʰʝ ʚʽʜʥʦʰʝʥʥʷ max/qq  

ʡ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ q. ɺ ʽʜʝʘʣʽ (ʟʘ ʫʤʦʚʠ ¤­n ) ʧʨʠʭʦʜʠʤʦ ʜʦ ʨʽʰʝʥʥʷ (3), ʦʪʨʠʤʘʥʦʛʦ ʧʨʠ 

ʨʽʚʥʦʤʽʨʥʦʤʫ ʧʝʨʝʨʽʟʘʥʥʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʰʝʥʥʷ max/qq , ʷʢʝ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (3), ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ, 

ʨʽʚʥʝ max/qq  = 0,99. ɺʣʘʩʥʝ, ʮʠʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʧʨʦʮʝʩʦʤ ʪʦʯʽʥʥʷ, ʢʦʣʠ ʨʫʡʥʫʚʘʥʥʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʨʝʤʠʤʠ 

ʯʘʩʪʠʥʘʤʠ (ʝʣʝʤʝʥʪʘʤʠ ʩʪʨʫʞʢʠ). ʍʦʯʘ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʱʝ ʤʘʻ ʤʽʩʮʝ ʡ ʽʥʪʝʥʩʠʚʥʝ ʪʝʨʪʷ ʟʚ'ʷʟʢʠ 

ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʱʦ ʻ ʜʦʜʘʪʢʦʚʠʤ ʦʩʝʨʝʜʢʦʤ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʦʚʦʾ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ, ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q, ʱʦ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʶ (4).  

ɿʘ ʫʤʦʚʠ n  = 1 ʚʩʝ ʪʝʧʣʦ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ ʨʽʟʘʥʥʽ, ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʟʨʽʟʘʥʽʡ ʯʘʩʪʠʥʽ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʩʪʝʨʞʥʷ (ʨʠʩ. 2,ʙ) ʪʘ ʥʘʜʭʦʜʠʪʴ ʚ ʩʪʨʫʞʢʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ʆʪʞʝ, ʧʨʠ ʨʽʟʘʥʥʽ ʣʝʟʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʥʝʦʙʭʽʜʥʦ ʧʨʘʛʥʫʪʠ ʜʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n  (ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ 
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ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʝʞʘʭ ʟʦʥʠ ʨʽʟʘʥʥʷ). ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʙʽʣʴʰʝ ʪʝʧʣʘ, ʱʦ 

ʚʠʜʽʣʷʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, ʙʫʜʝ ʥʘʜʭʦʜʠʪʠ ʚ ʩʪʨʫʞʢʫ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ, ʟʥʠʞʫʶʯʠ ʪʠʤ ʩʘʤʠʤ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ ʡ ʧʽʜʚʠʱʫʶʯʠ ʷʢʽʩʪʴ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ. ʊʦʤʫ ʥʘ ʦʧʝʨʘʮʽʷʭ ʬʽʥʽʰʥʦʾ ʦʙʨʦʙʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘ ʤʦʞʣʠʚʽʩʪʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʮʝʩʠ ʨʽʟʘʥʥʷ ʣʝʟʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʟʘʤʽʩʪʴ 

ʧʨʦʮʝʩʽʚ ʰʣʽʬʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʭʦʜʷʯʠ ʟ ʪʘʙʣ. 1 ʪʘ ʨʠʩ. 3, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ n  

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ q ʟʤʝʥʰʫʻʪʴʩʷ. ɿʘ ʫʤʦʚʠ ¤­n  ʧʨʠʭʦʜʠʤʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ 

ʩʭʝʤʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʧʝʨʝʤʽʱʝʥʥʷʤ ʚ ʯʘʩʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ 

(ʨʠʩ. 2,ʘ). ʆʜʥʘʢ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ. ʊʦʤʫ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʩʭʝʤʦʶ ʨʽʟʘʥʥʷ ʟ ʧʝʨʽʦʜʠʯʥʠʤ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʚ ʯʘʩʽ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ (ʨʠʩ. 2,ʙ). ʎʝ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʜʘʥʠʤ, ʥʘʚʝʜʝʥʠʤ ʫ ʨʦʙʦʪʽ [4]. ʊʘʢ,  ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45 (6105Ö=Örʩ  

ɼʞ/(ʤ3Āʛʨʘʜ.)= = 5 ʅ/(ʤʤ2Āʛʨʘʜ.)) ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ 3107Ö=s ʅ/ʤʤ2. ʊʦʜʽ ʨʦʟʨʘʭʫʥʢʦʚʝ 

ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ  ( )rsq Ö= c/max  =1400 0ʉ. ɿʘ ʫʤʦʚʠ max/qq = 0,522 (ʜʣʷ n  = 4) 

ʦʪʨʠʤʘʥʦ q= 730,8 0ʉ.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʜʦʨʽʚʥʶʻ q=700 0ʉ ʧʨʠ  ʰʚʠʜʢʦʩʪʽ 

ʨʽʟʘʥʥʷ V = 100 ʤ/ʭʚ (ʟʘ ʜʘʥʠʤʠ ʧʨʦʬʝʩʦʨʘ ʂʦʣʦʤʽʡʮʷ ɺ. ɺ. [2]). ʆʪʞʝ, ʤʘʻ ʤʽʩʮʝ ʥʝʟʥʘʯʥʝ ʨʦʟʭʦʜʞʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ (ʚ ʤʝʞʘʭ 10 %), ʨʠʩ. 4.  
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ʈʠʩ.4 ï ʈʦʟʨʘʭʫʥʢʦʚʝ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45 

 

ʅʘ ʨʠʩ. 5 ʥʘʚʝʜʝʥʦ ʬʦʪʦ ʩʪʨʫʞʦʢ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʪʦʯʽʥʥʷ ʜʝʪʘʣʝʡ ʟʽ ʩʪʘʣ ̔ʋ10 ʪʘ ʩʪʘʣ ̔ʈ6ʄ5 

ʟʘ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʫʤʦʚ ʦʙʨʦʙʢʠ (ʦʪʨʠʤʘʥʽ ʧʨʦʬʝʩʦʨʦʤ ʂʦʣʦʤʽʡʮʝʤ ɺ. ɺ. [2]). ʗʢ ʚʠʜʥʦ, ʤʘʶʪʴ ʤʽʩʮʝ 

ʧʝʨʽʦʜʠʯʥʽ ʟʩʫʚʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʚʟʜʦʚʞ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʢʫʪʦʤ 

b ʜʦ ʥʘʧʨʷʤʫ ʨʫʭʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ (ʨʠʩ. 2,ʙ). ʎʝ ʚʢʘʟʫʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ ʦʙʨʦʙʮʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʯʘʩʽ 

ʪʝʧʣʦʚʦʛʦ ʜʞʝʨʝʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ (ʨʠʩ. 2,ʙ).  

 

      
ʘ                                                                     ʚ 

     
ʙ                                                                       ʛ 

ʈʠʩ. 5 ï ʊʠʧʠ ʩʪʨʫʞʦʢ [2]: ʩʪʘʣʴ ʋ10 ï V = 70 ʤ/ʭʚ (ʘ); ʩʪʘʣʴ ʋ10 ï V = 100 ʤ/ʭʚ (ʙ); ʩʪʘʣʴ ʈ6ʄ5 ï V = 90 ʤ/ʭʚ (ʚ); 

ʩʪʘʣʴ ʈ6ʄ5 ï V = 180 ʤ/ʭʚ (ʛ) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʩʣʽʜ ʨʦʟʨʘʭʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ 

ʟʜʽʡʩʥʶʚʘʪʠ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʠʩʢʨʝʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʨʽʟʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʚ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʭʘʨʘʢʪʝʨʽ ʧʝʨʝʨʽʟʘʥʥʷ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ q ʧʨʠʡʤʘʻ 

ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʤʘʶʪʴ ʤʽʩʮʝ ʚ  ʧʨʦʮʝʩʽ ʰʣʽʬʫʚʘʥʥʷ (ʨʠʩ. 6). 
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ʈʠʩ. 6 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʰʝʥʥʷ max/qq  ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ V  ʧʨʠ ʪʦʯʽʥʥʽ  

(ʘʙʦ ʰʚʠʜʢʦʩʪʽ ʜʝʪʘʣʽ ʜʝʪV  ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ) 

 

ʆʩʥʦʚʥʦʶ ʫʤʦʚʦʶ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n  (ʢʽʣʴʢʦʩʪʽ ʟʩʫʚʽʚ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʤʝʞʘʭ ʟʦʥʠ ʨʽʟʘʥʥʷ) ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʟʙʽʣʴʰʝʥʥʷ ʫʤʦʚʥʦʛʦ 

ʢʫʪʘ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ b ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʠʭ ʨʽʟʘʣʴʥʠʭ ʣʝʟʦʚʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʨʪʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ʆʯʝʚʠʜʥʦ, ʯʠʤ ʙʽʣʴʰʝ ʪʦʚʱʠʥʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʝʣʝʤʝʥʪʘ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʟʩʫʚʫ ʚʟʜʦʚʞ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ, ʪʠʤ ʤʝʥʰʝ 

ʩʪʫʧʽʥʴ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʤʝʥʰʝ ʫʤʦʚʥʝ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s, ʷʢʝ ʧʦʚ'ʷʟʘʥʝ ʟ ʫʤʦʚʥʠʤ 
ʢʫʪʦʤ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ b ʟʘʣʝʞʥʽʩʪʶ: bss tg/ʩʪ= . ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ, ʟʽ 

ʟʤʝʥʰʝʥʥʷʤ ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s ʟʙʽʣʴʰʫʻʪʴʩʷ ʫʤʦʚʥʠʡ ʢʫʪ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

b. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʝʣʝʤʝʥʪʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʚʽʜʜʽʣʷʻʪʴʩʷ, ʡ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥʰʝʥʥʷ 

ʫʤʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʨʽʟʘʥʥʷ s ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ( )rsq Ö= ʩ/max  ʡ, 

ʚʽʜʧʦʚʽʜʥʦ, ʧʦʪʦʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʜʣʷ ʟʘʜʘʥʠʭ ʫʤʦʚ ʦʙʨʦʙʢʠ. ʎʠʤ ʧʦʢʘʟʘʥʦ ʙʽʣʴʰ 

ʩʢʣʘʜʥʠʡ ʟʚ'ʷʟʦʢ ʧʘʨʘʤʝʪʨʽʚ ʪʝʧʣʦʚʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʨʽʟʘʥʥʽ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʥʘʣʽʪʠʯʥʘ ʟʘʣʝʞʥʽʩʪʴ (1) ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʩʧʨʘʚʝʜʣʠʚʘ ʟʘ ʫʤʦʚʠ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʚ ʯʘʩʽ ʧʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʟ ʧʦʩʪʽʡʥʦʶ ʰʚʠʜʢʽʩʪʶ ʨʽʟV  ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ.    

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʙʝʟʧʝʨʝʨʚʥʝ ʨʽʚʥʦʤʽʨʥʝ ʚ ʯʘʩʽ ʟʥʷʪʪʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ, ʢʦʣʠ ʟʚ'ʷʟʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʙʝʟʫʧʠʥʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʩʧʨʘʚʝʜʣʠʚʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ [3]: ʨʽʟV/t=t ; ʢʨʜʝʪʨʽʟ R/t,VV ÖÖ= 50 , ʜʝ t  ï 

ʛʣʠʙʠʥʘ ʰʣʽʬʫʚʘʥʥʷ, ʤ; ʢʨR  ï ʨʘʜʽʫʩ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʤ. ʇʨʠ ʪʦʯʽʥʥʽ ʨʽʟʟʨʽʟV/a=t ; btgVVʨʽʟ Ö= , ʜʝ 

ʟʨʽʟa  ï  ʪʦʚʱʠʥʘ ʟʨʽʟʫ, ʤ; V ï ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʩ; b ï ʫʤʦʚʥʠʡ ʢʫʪ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.           

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʢʘʟʥʠʢ ʩʪʫʧʝʥʷ ʯʠʩʣʘ 722,ʝº  ʚ ʧʨʘʚʽʡ ʯʘʩʪʠʥʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʜʦʨʽʚʥʶʻ: ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ï 

( )ÖÖ lr/ʩ ʢʨʜʝʪ R/t,tV ÖÖÖ 50 ; ʧʨʠ ʪʦʯʥ̔ʥ ̔ï ( )ÖÖ lr/ʩ btgVaʟʨʽʟÖÖ . 

ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʧʦʢʘʟʘʣʠ ʥʘ 

ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ ʩʪʫʧʽʥʴ ʾʾ ʟʙʽʞʥʦʩʪʽ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ (ʨʦʟʙʽʞʥʽʩʪʴ ʚ ʤʝʞʘʭ 10 %). ʇʨʠ 

ʪʦʯʽʥʥʽ ʜʝʪʘʣʝʡ  ʟʽ ʩʪʘʣʽ (ʷʢ ʧʦʢʘʟʘʥʦ ʚʠʱʝ) ʤʘʻ ʤʽʩʮʝ ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʜʦ 2 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʻ 

ʧʝʨʽʦʜʠʯʥʠʡ (ʜʠʩʢʨʝʪʥʠʡ) ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʽʟʘʥʥʷ ʨʽʟʘʣʴʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ (ʨʠʩ. 2,ʙ), ʷʢʠʡ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (1).  

ʇʨʦʮʝʩ ʰʣʽʬʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʜʝʪʘʣʽ ʜʝʪV  ʡ, ʚʽʜʧʦʚʽʜʥʦ, 

ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ ʧʝʨʝʨʽʟʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ 

ʢʨʫʛʦʤ ʨʽʟV   

(ʨʠʩ. 1). ʊʦʤʫ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʘʢʪʠʯʥʦ ʚ ʫʤʦʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʧʝʨʝʨʽʟʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ. ʆʪʞʝ, ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʤʦʞʥʘ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʧʝʨʽʦʜʠʯʥʦʛʦ (ʜʠʩʢʨʝʪʥʦʛʦ) ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʨʽʟʘʥʥʷ ʰʣʽʬʫʚʘʣʴʥʠʤ ʢʨʫʛʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ 

ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ. 

ʇʨʠ ʪʦʯʽʥʥʽ, ʧʦ-ʧʝʨʰʝ, ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ V  ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʰʚʠʜʢʦʩʪʽ ʜʝʪʘʣʽ ʜʝʪV  ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. 

ʇʦ-ʜʨʫʛʝ, ʙʽʣʴʰʝ ʪʦʚʱʠʥʘ ʟʨʽʟʫ ʡ ʪʦʚʱʠʥʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙ'ʻʤʫ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʚʽʜʜʽʣʷʻʪʴʩʷ ʚʽʜ ʦʩʥʦʚʥʦʾ 

ʤʘʩʠ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʡʦʛʦ ʟʩʫʚʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʪʝʧʣʘ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ 

ʨʽʟʘʥʥʽ, ʧʦʩʪʽʡʥʦ ʚʽʜʥʦʩʠʪʴʩʷ ʩʪʨʫʞʢʦʶ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ. ʎʝ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʻ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʪʦʯʽʥʥʽ ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʟʤʝʥʰʝʥʥʷ. ʊʦʤʫ ʨʦʟʨʘʭʫʥʦʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (1) ʧʦʚʠʥʝʥ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ ʘʥʘʣʦʛʽʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, 
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ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ 

q ʟʤʝʥʰʫʚʘʪʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ n, ʪʦʙʪʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʨʽʟʮʝʤ ʟʦʥʠ 

ʨʽʟʘʥʥʷ (ʪʘʙʣ. 1).  

ɺʠʭʦʜʷʯʠ ʟ ʨʠʩ. 6, ʯʠʤ ʙʽʣʴʰʝ ʚʝʣʠʯʠʥʘ n, ʪʠʤ ʙʽʣʴʰʝ ʚʽʜʥʦʰʝʥʥʷ max/qq . ʆʯʝʚʠʜʥʦ, ʧʨʠ ʪʦʯʽʥʥʽ 

ʚʝʣʠʯʠʥʘ n  ʟʥʘʯʥʦ ʤʝʥʰʝ, ʥʽʞ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ʆʪʞʝ, ʧʨʠ ʪʦʯʽʥʥʽ ʤʝʥʰʝ ʚʽʜʥʦʰʝʥʥʷ max/qq  ʡ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ q. ʎʝ ʧʨʠʚʦʜʠʪʴ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q. ɯʟ ʫʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʨʽʰʝʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʟʘʣʝʞʥʦʩʪʽ (1), ʥʝʦʙʭʽʜʥʦ 

ʢʦʨʠʛʫʚʘʪʠ, ʤʥʦʞʘʯʠ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ q ʥʘ ʚʽʜʥʦʰʝʥʥʷ max/qq , ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1, ʜʣʷ ʟʘʜʘʥʦʾ 

ʚʝʣʠʯʠʥʠ n . 

ʇʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚʝʣʠʯʠʥʘ n  ʧʨʠʡʤʘʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ʡ, ʚʠʭʦʜʷʯʠ ʟ ʪʘʙʣ. 1, ʚʽʜʥʦʰʝʥʥʷ 

1­max/qq . ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ (1) ʥʝ ʚʠʤʘʛʘʻ ʢʦʨʝʛʫʚʘʥʥʷ. ʎʠʤ ʽ ʧʦʷʩʥʶʻʪʴʩʷ ʪʝ, ʱʦ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʽʟʘʥʥʷ q ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʟʘ ʟʘʣʝʞʥʽʩʪʶ (1) ʧʨʠʚʦʜʷʪʴ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ 

ʜʘʥʠʤ, ʘ ʧʨʠ ʪʦʯʽʥʥʽ ʤʘʻ ʤʽʩʮʝ ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ 

q.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʫ ʨʦʙʦʪʽ ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʽʜʤʽʥʥʽ ʨʠʩʠ ʬʦʨʤʫʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʪʘ 

ʰʣʽʬʫʚʘʥʥʽ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʫʪʦʯʥʠʪʠ ʨʦʟʨʘʭʫʥʢʠ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ q ʧʨʠ ʪʦʯʽʥʥʽ. ɯʟ 

ʥʘʚʝʜʝʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʧʣʠʚʘʻ ʚʘʞʣʠʚʠʡ ʧʨʘʢʪʠʯʥʠʡ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʩʣʽʜ ʟʤʝʥʰʫʚʘʪʠ ʚʝʣʠʯʠʥʫ  n ʜʦ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ n = 2. 

ʊʦʜʽ, ʟʛʽʜʥʦ ʪʘʙʣ. 1, ʚʽʜʥʦʰʝʥʥʷ max/qq  ʡ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʤʧʝʨʘʪʫʨʫ ʨʽʟʘʥʥʷ q ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʜʦ 10 ʨʘʟʽʚ. 

ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʫʤʦʚʥʦʛʦ ʢʫʪʘ ʟʩʫʚʫ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ b 

ʰʣʷʭʦʤ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʝʨʪʷ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ [1] ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʨʽʞʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʫ. 

ʆʪʞʝ, ʫʨʘʭʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ n  ʻ ʚʘʞʣʠʚʠʤ ʯʠʥʥʠʢʦʤ ʫ ʬʦʨʤʫʚʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʣʝʟʦʚʽʡ 

ʦʙʨʦʙʮʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʧʽʜʽʡʪʠ ʜʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ ʾʾ ʟʤʝʥʰʝʥʥʷ ʡ ʦʮʽʥʶʚʘʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʝʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʭʦʜʫ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʚʽʜ ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʽʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʡ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ [7]. 

ʆʪʨʠʤʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʨʽʰʝʥʥʷ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʽʟ ʻʜʠʥʠʭ ʧʦʟʠʮʽʡ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʽ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʶʚʘʪʠ 

ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ. 1. ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ 

ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʇʝʨʰʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʫʨʘʭʫʚʘʥʥʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʚ ʯʘʩʽ 

ʟʥʷʪʪʷ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʩʷʛʘʻʪʴʩʷ ʚ ʫʤʦʚʘʭ ʰʣʽʬʫʚʘʥʥʷ, ʢʦʣʠ ʟʚ'ʷʟʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʙʝʟʫʧʠʥʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ɼʨʫʛʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ 

ʩʪʨʫʞʢʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʨʽʟʘʥʥʽ (ʚ ʫʤʦʚʘʭ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ) ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʽʦʜʠʯʥʠʭ ʟʩʫʚʽʚ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʤʘʪʝʨʽʘʣʫ ʚʟʜʦʚʞ ʫʤʦʚʥʦʾ ʧʣʦʱʠʥʠ ʟʩʫʚʫ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʧʽʜ ʧʝʚʥʠʤ ʢʫʪʦʤ ʜʦ 

ʥʘʧʨʷʤʫ ʨʫʭʫ ʦʙʨʦʙʣʶʚʘʥʦʾ ʜʝʪʘʣʽ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʤʽʱʝʥʥʷ ʜʞʝʨʝʣʘ ʪʝʧʣʘ ʚʟʜʦʚʞ ʘʜʽʘʙʘʪʠʯʥʦʛʦ 

ʩʪʝʨʞʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʙʝʟʧʝʨʝʨʚʥʦ, ʘ ʧʝʨʽʦʜʠʯʥʦ ʟ ʧʝʚʥʠʤ ʢʨʦʢʦʤ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʽʚʥʦʤʽʨʥʦʤʫ ʚ ʯʘʩʽ ʟʥʷʪʪʽ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ ʬʘʢʪʠʯʥʦ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʨʦʟʙʽʞʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ. ʊʘʢ, ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʨʦʟʙʽʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʯʝʥʴ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʥʝʚʝʣʠʢʘ ï ʚ ʤʝʞʘʭ 10 %, ʘ ʧʨʠ  ʪʦʯʽʥʥʽ ʚʦʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 2 ʨʘʟʽʚ ʽ ʙʽʣʴʰʝ, ʱʦ 

ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʻ ʧʝʨʽʦʜʠʯʥʠʡ (ʜʠʩʢʨʝʪʥʠʡ) ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʽʟʘʥʥʷ ʨʽʞʫʯʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ, ʷʢʠʡ ʥʝ ʫʨʘʭʦʚʫʻʪʴʩʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ 

ʩʭʝʤʽ.  ʊʦʤʫ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ ʩʣʽʜ ʫʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʝʨʝʨʽʟʘʥʴ ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ, ʪʦʙʪʦ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ ʨʽʟʮʝʤ ʟʦʥʠ ʨʽʟʘʥʥʷ. ʇʽʜʚʝʜʝʥʥʷ ʪʝʧʣʘ ʜʦ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ 

ʘʜʽʘʙʘʪʠʯʥʦʛʦ ʩʪʝʨʞʥʷ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʜʠʩʢʨʝʪʥʦ ʟʽ ʟʤʽʥʦʶ ʚ ʯʘʩʽ.  

3. ʈʦʟʨʘʭʫʥʢʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʠʥʠʢʘʶʯʠʭ ʟʩʫʚʥʠʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʪʦʯʽʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʦ 

ʤʦʞʣʠʚʦʶ ʢʽʣʴʢʽʩʪʶ ʝʣʝʤʝʥʪʘʨʥʠʭ ʦʙ'ʻʤʽʚ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʯʘʩ ʧʨʦʭʦʜʞʝʥʥʷ 

ʨʽʟʮʝʤ ʟʦʥʠ ʨʽʟʘʥʥʷ, ʨʽʚʥʦʶ 2, ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʜʦ 10 ʨʘʟʽʚ ʱʦʜʦ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ. ʋʨʘʭʫʚʘʥʥʷ ʮʽʻʾ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʦʟʚʦʣʠʣʦ ʧʨʠʚʝʩʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʧʨʠ ʪʦʯʽʥʥʽ. 
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ʰʣʽʬʫʚʘʥʥʽ ʤʘʻ ʤʽʩʮʝ ʬʘʢʪʠʯʥʦ ʙʝʟʧʝʨʝʨʚʥʠʡ ʭʘʨʘʢʪʝʨ ʧʝʨʝʨʽʟʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʘʜʽʘʙʘʪʠʯʥʠʭ ʩʪʝʨʞʥʽʚ ʽ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʽʟʘʥʥʷ ʧʨʠʡʤʘʻ ʥʘʡʙʽʣʴʰʽ ʟʥʘʯʝʥʥʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʟʚ'ʷʟʢʘ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʬʘʢʪʠʯʥʦ ʙʝʟʫʧʠʥʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʆʪʞʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʝ ʚ ʨʦʙʦʪʽ ʨʽʰʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʟ ʥʦʚʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʧʦʟʠʮʽʡ ʦʙˇʨʫʥʪʫʚʘʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʬʽʥʽʰʥʠʭ ʦʧʝʨʘʮʽʷʭ ʚʽʜ 

ʧʨʦʮʝʩʫ ʰʣʽʬʫʚʘʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʣʝʟʦʚʦʾ ʦʙʨʦʙʢʠ ʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʽʟʘʥʥʷ ʡ 
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ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʙʨʦʙʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. 
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ɺʠʢʦʥʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʝʭʥʦʣʦʛʽʶ ʽ ʟʘʩʦʙʠ ʦʯʠʩʪʢʠ ʄʆʈ, ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ  ʨʽʟʥʽ ʬʽʟʠʯʥʽ 
ʧʨʠʥʮʠʧʠ. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʦʯʠʩʥʠʢʘʤʠ ʧʨʠ ʾʭ ʧʦʩʣʽʜʦʚʥʦ-

ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʽ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʪʚʦʨʝʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʯʠʩʪʢʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʰʣʽʬʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ 
ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, ʟʘʤʽʥʠ ʘʙʦ ʧʨʘʚʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʦʯʠʩʪʢʠ ʘʙʦ ʟʘʤʽʥʠ  

ʄʆʈ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ, ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʽ ʦʯʠʩʪʢʠ ʄʆʈ, ʢʨʠʪʝʨʽʾ ʦʯʠʩʪʢʠ, ʜʨʽʙʥʦʟʝʨʥʠʩʪʽ ʬʨʘʢʮʽʾ, 

ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʣʝʥʥʷ, ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʦʯʠʩʥʠʢ, ʰʣʘʤʦʚʠʡ ʨʝʟʝʨʚʫʘʨ.  

STEPANOV M.S., POLONSKIY  L. G., LITOVCHENKO  P.I ., IVANOVA  M.S., KORNI IENKO V.A. 

DETERMINATION OF CONTAMINATION OF COOLANT WITH MECHANICAL IMPURITIES DURING GRINDING OF 

ROLLS OF ROLLING MILLS  

 

Analytical studies have been carried out and a technology and means of coolant cleaning using various physical principles have been 

proposed. The structure has been developed and a mathematical model of an installation with several cleaners in series-parallel connection has 

been developed. Based on the mathematical model, analytical dependencies were created to calculate all the main cleaning characteristics. The 
results of the study make it possible to predict the required values of the quality parameters of ground surfaces and make optimal decisions on the 

appointment of rational parameters for cutting modes, replacement or dressing of the grinding wheel, cleaning or replacement of coolant. 

Keywords: concentration of mechanical impurities, coolant purification degree coefficient, purification criteria, fine-grained fractions, 
accumulation rate, gravity cleaner, sludge reservoir. 

 

1. ɺʩʪʫʧ. ʅʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʣʢʽʚ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʷʢʦʩʪʽ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʩʫʢʫʧʥʽʩʪʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʰʦʨʩʪʢʽʩʪʶ ʽ ʭʚʠʣʷʩʪʽʩʪʶ), ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʤʠ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʝʪʘʣʫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʌʦʨʤʫʚʘʥʥʷ ʥʘʟʚʘʥʠʭ ʚʠʱʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʝʪʘʧʽ ʰʣʽʬʫʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʄʆʈ, ʢʦʪʨʘ ʫ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ 

ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʤʝʭʘʥʽʯʥʠʤʠ ʜʦʤʽʰʢʘʤʠ ï ʚʽʜʭʦʜʘʤʠ ʤʘʪʝʨʽʘʣʫ ʚʘʣʢʘ ʽ ʘʙʨʘʟʠʚʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ. 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʛʣʷʜʫʚʘʥʦʾ ʧʨʦʙʣʝʤʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʦʙôʻʤʦʤ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ï 

ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʨʦʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʪʘʥʫ ʭʦʣʦʜʥʦʾ ʧʨʦʢʘʪʢʠ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʜʦ 

400 ʨʦʙʦʯʠʭ ʽ ʜʦ 15 ʦʧʦʨʥʠʭ ʚʘʣʢʽʚ, ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʠʭ ʟʜʽʡʩʥʶʻʪʴʩʷ ʰʣʽʬʫʚʘʥʥʷʤ.   

2. ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ. ʅʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʢʽʚ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ 

ʄʆʈ, ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʨʦʙʣʷʶʪʴʩʷ, ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ [1]. ʆʩʦʙʣʠʚʦ ʩʠʣʴʥʦ ʪʚʝʨʜʽ 

ʯʘʩʪʢʠ, ʱʦ ʚʤʽʱʫʶʪʴʩʷ ʫ ʄʆʈ, ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ Rmax[2]. ɼʽʘʧʘʟʦʥ ʟʤʽʥʠ ʰʦʨʩʪʢʦʩʪʽ ʜʦʩʠʪʴ 

ʟʥʘʯʥʠʡ. ʅʘʧʨʠʢʣʘʜ, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʦʥʴ ʚʘʣʢʽʚ 4-ʭ ʢʣʽʪʠʥʥʦʛʦ ʩʪʘʥʫ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ Ra 3,2 (1-ʰʘ ʢʣʽʪʴ) ʜʦ Ra 0,32 

(3-ʷ ʢʣʽʪʴ). 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ Ra 0,32 ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʄʆʈ (ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʾʭ ʨʦʟʤʽʨʽʚ) ʧʦʚʠʥʥʘ ʚʽʜʧʦʚʽʜʘʪʠ ʜʘʥʠʤ, ʧʨʠʚʝʜʝʥʠʤ ʥʘ ʨʠʩ. 1 [1].  ɼʘʥʽ 

ʦʪʨʠʤʘʥʽ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 35 ʤ/ʩʂV = .  

 
ʈʠʩ. 1 ï ʇʘʨʘʤʝʪʨʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʄʆʈ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʰʣʽʬʦʚʘʥʦʾ ʧʦʚʝʨʭʥʽ Ra 0,2 

 

ɺʩʪʘʥʦʚʣʝʥʦ [3], ʱʦ ʤʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʚ ʄʆʈ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ, ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʝʪʘʣʝʡ ʽ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʠʤ, ʱʦ 

ʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ, ʻ ʜʝʬʝʢʪʥʦʶ, ʤʘʻ ʧʽʜʚʠʱʝʥʫ ʢʨʠʭʢʽʩʪʴ ʽ ʚʠʩʦʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʥʘʧʨʫʞʝʥʴ ʡ ʥʠʞʯʫ ʤʽʮʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʽʩʣʷ ʟʘʛʘʨʪʫʚʘʥʥʷ. 

ʇʨʠ ʥʝʫʭʠʣʴʥʦʤʫ ʟʨʦʩʪʘʥʥʽ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʧʨʦʢʘʪʥʠʭ ʚʘʣʢʽʚ ʮʝ ʥʘʧʦʣʝʛʣʠʚʦ ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʪʝʣʴʥʦʾ 

ʦʯʠʩʪʢʠ ʄʆʈ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘ ʦʧʝʨʘʮʽʾ ʰʣʽʬʫʚʘʥʥʷ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ ʨʽʜʠʥʠ [4].  
É ʄ.ʉ. ʉʪʝʧʘʥʦʚ, ʃ.ɻ. ʇʦʣʦʥʩʴʢʠʡ, ʇ.ɯ. ʃʽʪʦʚʯʝʥʢʦ, ʄ.ʉ. ɯʚʘʥʦʚʘ, ɺ.ʆ. ʂʦʨʥʽʻʥʢʦ, 2023 
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ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [5] ʜʦʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʽ ʚʠʚʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʦʯʠʩʪʢʠ ʄʆʈ ʯʝʨʝʟ 

ʧʦʨʠʩʪʽ ʩʝʨʝʜʦʚʠʱʘ. 

ɺ ʜʝʷʢʠʭ ʜʞʝʨʝʣʘʭ [6] ʩʪʚʝʨʜʞʫʻʪʴʩʷ,  ʱʦ ʤʦʞʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ  ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ 

ʟ ʧʦʢʨʠʪʪʷʤʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʥʝ ʪʽʣʴʢʠ ʰʣʷʭʦʤ ʫʧʨʘʚʣʽʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʘʪʝʨʽʘʣʫ, ʘ ʡ ʦʯʠʩʪʢʦʶ ʄʆʈ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʢʽʚ.  

3. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʙʫʜʦʚʘ ʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʄʆʈ ʧʨʠ 

ʰʣʽʬʫʚʘʥʥʽ ʚʘʣʢʽʚ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘ ʮʽʡ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʰʣʽʬʦʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ. 

4. ɺʠʢʣʘʜʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʦʯʠʩʪʢʠ ʄʆʈ ʚ ʧʝʚʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʷʢ ʽʥʜʠʚʽʜʫʘʣʴʥʫ ʜʣʷ ʚʘʣʴʮʝʰʣʽʬʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘ, ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʯʝʨʝʟ ʫʩʪʘʥʦʚʢʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʥʘʩʪʫʧʥʠʤʠ 

ʢʨʠʪʝʨʽʷʤʠ.  

ʂʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʄʆʈ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʟʘʣʝʞʥʽʩʪʶ 
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ʜʝ ʚʭʉ  ̔  ʚʠʭʉ ï ʤʘʩʦʚʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʢʽʚ ʥʘ ʚʭʦʜʽ ʚ ʫʩʪʘʥʦʚʢʫ ʽ ʥʘ ʚʠʭʦʜʽ ʟ ʥʝʾ. 

ʉʫʤʘʨʥʠʡ (ʟʘʛʘʣʴʥʠʡ) ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʄʆʈ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n  ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ 

ʦʯʠʩʥʠʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʜʝ 
ixï ʢʦʝʬʽʮʽʻʥʪ ʩʪʝʧʝʥʽ ʦʯʠʩʪʢʠ -̔ʪʦʛʦ ʦʯʠʩʥʠʢʘ ʫʩʪʘʥʦʚʢʠ;  imï ʚʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ (ʜʦʣʷ) ʄʆʈ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ -̔ʡ ʦʯʠʩʥʠʢ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʨʽʜʠʥʠ, ʱʦ ʦʯʠʱʘʻʪʴʩʷ ʫʩʪʘʥʦʚʢʦʶ. 

ʇʨʠ ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʥʽ n  ʦʯʠʩʥʠʢʽʚ ʟʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʦʯʠʩʪʢʠ ʩʢʣʘʜʘʻ  
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n
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mx xS
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ʉʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʄʆʈ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n  ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʘʥʠʭ ʦʯʠʩʥʠʢʽʚ ʽ 

ʧʽʩʣʷ ʥʠʭ kʧʘʨʘʣʝʣʴʥʦ ʚʚʽʤʢʥʫʪʠʭ ʦʯʠʩʥʠʢʽʚ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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ʉʫʤʘʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʄʆʈ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ n  ʧʘʨʘʣʝʣʴʥʦ ʚʚʽʤʢʥʫʪʠʭ ʥʘ 

ʚʽʜʛʘʣʫʞʝʥʥʽ ʽ ʧʽʩʣʷ ʥʠʭ k ʧʦʩʣʽʜʦʚʥʦ ʚʚʽʤʢʥʫʪʠʭ ʦʯʠʩʥʠʢʘʭ   
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ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʽʢʠ ʦʯʠʩʪʢʠ ʄʆʈ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʢʨʠʪʝʨʽʾ ʦʯʠʩʪʢʠ: 

ï mind ʤʽʥʽʤʘʣʴʥʫ ʪʦʥʢʽʩʪʴ ʦʯʠʩʪʢʠ (ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʤʽʨ ʯʘʩʪʦʢ, ʱʦ ʚʠʜʘʣʷʶʪʴʩʷ);  ï  50d ï ʪʦʥʢʽʩʪʴ ʦʯʠʩʪʢʠ 

(ʜʽʘʤʝʪʨ ʯʘʩʪʦʢ, 50% ʷʢʠʭ ʚʠʜʘʣʷʶʪʴʩʷ ʽʟ ʄʆʈ). ʄʝʭʘʥʽʯʥʽ ʜʦʤʽʰʢʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʫ ʄʆʈ ʻ ʥʘʩʣʽʜʢʘʤʠ ʥʘʩʪʫʧʥʠʭ 

ʧʨʦʮʝʩʽʚ: ï ʟʡʦʤʫ ʤʝʪʘʣʫ ʟ ʧʦʚʝʨʭʥʽ ʚʘʣʢʘ; ï ʟʥʦʩʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ; ï ʨʫʡʥʫʚʘʥʥʷ ʟʚôʷʟʢʠ ʽ ʘʙʨʘʟʠʚʫ ʧʨʠ 

ʚʽʜʥʦʚʣʝʥʥʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʨʫʛʘ ʧʨʠ ʡʦʛʦ ʧʨʘʚʮʽ [7]. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʮʽ ʧʨʦʮʝʩʠ ʟʜʽʡʩʥʶʶʪʴʩʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʦʧʝʨʘʮʽʾ ʰʣʽʬʫʚʘʥʥʷ, ʚʠʨʘʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʫʤʘʨʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʢʽʚ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ:  
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ʜʝ M

ʚʭC  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʝʚʠʭ ʜʦʤʽʰʦʢ ʥʘ ʚʭʦʜʽ ʚ ʫʩʪʘʥʦʚʢʫ ʥʘ ʝʪʘʧʽ ʰʣʽʬʫʚʘʥʥʷ; 1a

ʚʭC ï ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʘʙʨʘʟʠʚʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʚʭʦʜʽ ʚ ʫʩʪʘʥʦʚʢʫ ʥʘ ʝʪʘʧʽ ʰʣʽʬʫʚʘʥʥʷ; ʘ

ʚʭC ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʙʨʘʟʠʚʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʚʭʦʜʽ ʚ 

ʫʩʪʘʥʦʚʢʫ ʥʘ ʝʪʘʧʽ ʧʨʘʚʢʠ ʢʨʫʛʘ. 

ʄʘʩʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʝʪʘʣʝʚʠʭ ʜʦʤʽʰʦʢ ʚ ʄʆʈ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 
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ʜʝ 
ʚD  ï ʜʽʘʤʝʪʨ ʚʘʣʢʘ, ʤʤ; 

ʧʨt  ï ʛʣʠʙʠʥʘ ʧʨʘʚʢʠ, ʤʤ;ʧʨ

ʧʚS  ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ 

ʧʨʘʚʣʷʯʦʛʦ ʘʣʤʘʟʥʦʛʦ ʦʣʽʚʮʷ, ʤʤ/ʩ; ʘr  ï ʛʫʩʪʠʥʘ ʘʙʨʘʟʠʚʫ, ʛ/ʤʤ3; ʧʨ

ʄʆʈQ  ï ʚʠʪʨʘʪʘ ʄʆʈ ʧʨʠ ʧʨʘʚʮʽ, ʤʤ3/c. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʠʚʯʝʥʥʶ ʚʧʣʠʚʫ ʤʘʪʝʨʽʘʣʫ ʟʝʨʥʘ ʢʨʫʛʘ ʥʘ ʡʦʛʦ ʟʥʦʩ  ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚʘʣʢʽʚ ʟʽ ʩʪʘʣʽ 

9ʍ2, 9ʍʄʌ2 ʧʽʜʪʚʝʨʜʠʣʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ M

ʚʭC =(30é50)Ț1a

ʚʭC  [10]. ɿʚʽʜʢʠ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʧʘʨʘʤʝʪʨ 1a

ʚʭC . 

ʄʘʩʦʚʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʘʙʨʘʟʠʚʥʠʭ ʜʦʤʽʰʦʢ ʚ ʄʆʈ ʧʨʠ ʧʨʘʚʮʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʧʦ ʬʦʨʤʫʣʽ 
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ʜʝ 
ʢD ï ʜʽʘʤʝʪʨ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʤʤ; ʧʨt ï ʛʣʠʙʠʥʘ ʧʨʘʚʢʠ, ʤʤ; ʧʨ

ʧʚS  ï ʰʚʠʜʢʽʩʪʴ ʧʦʚʟʜʦʚʞʥʴʦʛʦ 

ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ  ʧʨʘʚʮʽ, ʤʤ/ʩ; ʘr  ï ʛʫʩʪʠʥʘ ʘʙʨʘʟʠʚʫ, ʛ/ʤʤ3; ʧʨ

ʄʆʈQ  ï ʚʠʪʨʘʪʘ ʄʆʈ ʧʨʠ ʧʨʘʚʮʽ, ʤʤ3/ʩ.  

ʆʯʠʩʪʢʘ ʄʆʈ ʧʨʠ ʰʣʽʬʫʚʘʥʥʽ ʚʘʣʢʽʚ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ ʤʘʻ ʩʚʦʶ ʩʧʝʮʠʬʽʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʝʣʠʢʠʭ 

ʟʡʦʤʽʚ (ʧʨʠʧʫʩʢ, ʱʦ ʟʥʽʤʘʻʪʴʩʷ ʟʘ ʦʜʥʫ ʧʝʨʝʰʣʽʬʦʚʢʫ ʜʦʩʷʛʘʻ ʜʦ 0,5 ʤʤ) ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ. ʅʘʧʨʠʢʣʘʜ, ʙʘʢ ʟ ʯʦʪʠʨʤʘ ʚʽʜʩʽʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʙʽʣʷ ʚʝʨʩʪʘʪʘ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʯʠʩʪʢʠ 

ʄʆʈ, ʱʦ ʧʦʩʪʫʧʘʻ ʧʽʩʣʷ ʮʴʦʛʦ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʩʠʩʪʝʤʫ, ʤʦʞʝ ʙʫʪʠ ʟʘʧʦʚʥʝʥʠʡ ʟʘ 1é1,5 ʨʦʙʦʯʠʭ ʟʤʽʥʠ ʥʘ 

ʦʧʝʨʘʮʽʷʭ ʦʙʜʠʨʢʠ ʚʘʣʢʽʚ. ʆʙôʻʤ ʄʆʈ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʽʥʜʠʚʽʜʫʘʣʴʥʽʡ ʩʠʩʪʝʤʽ, ʩʢʣʘʜʘʻ 2é4 ʤ3, ʘ 

ʚʠʪʨʘʪʘ ï 200é250 ʤ3.  

ɺʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʢ ʚ ʄʆʈ ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʨʘʚʢʫ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ 

ʚʠʢʦʥʫʶʪʴ ʜʦ ʯʦʪʠʨʴʦʭ ʨʘʟʽʚ ʟʘ ʨʦʙʦʯʫ ʟʤʽʥʫ, ʘ ʽʥʦʜʽ ï ʚ ʽʥʪʝʨʚʘʣʽ 30 ʭʚ.  

ɼʣʷ ʦʯʠʩʪʢʠ ʄʆʈ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫʩʪʘʥʦʚʢʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʟʥʫ ʾʾ ʷʢʽʩʪʴ ʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʦʯʠʩʥʠʢʠ, ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʷʢʠʭ ʧʦʢʣʘʜʝʥʽ ʨʽʟʥʽ ʧʨʠʥʮʠʧʠ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʷ 1 ï ɺʘʨʽʘʥʪʠ ʩʭʝʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʦʯʠʩʪʢʠ ʄʆʈ ʚʘʣʴʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ 
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˥͍͒ͪ͊͜͜͡;ͤ͊ ͫͻ͔ͣ͊ 
˹͊ͨͪΎͣͦ͟ ͪͯͻͯ 
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˿ͦͪͦ͟;͔ͤͤΎ ͜ ͨͦͤ͊͘;͔ͤͤΎΣ ͍͙͙ͦͪͫͭ͊ͤ͟͜ ͍ ͙ͭ͊͋͡ͼ͜ ͜ ͒͊͜͡ ͨͦ ͔ͭͫͭͯ͟Υ ˤ ς ͍͔ͪͫͭ͊ͭΤ ̅́ ς ͺ͜͡Έͭͪ-͔ͭͪ͊ͤͫͨͦͪͭͪΤ ˤ1Σ ˤ2Σ ˤ3Σ ˤ4Σ ˤ3Σ ˤ4Σ ˤ5 ς ͍͙͒ͫ͜͜͟ 
͍͚͙͒ͫͭͤ͊͜͜͟Τ˹Σ ˹1Σ ˹2  ς ͙ͤ͊ͫͦͫΤ ̇ ς ͼ͔͙ͤͭͪͺ͎ͯ͊Τ ˥ͼ ς ͎͒ͪͦ͜ͼ͙ͦͤ͟͡Τ ˹˽̅ ς ͙͍͙͚ͤ͊ͣͤ ͙͚ͨ͊ͭͪͦͤͤ ͺ͜͡ΈͭͪΤ ̊˸Σ ̊˥Σ ̊̅ ς ΄͍͊ͣͦ͜͡ ͙͋͊͟ 
͎͎ͣ͊ͤͭͤͦͦ͜ ͔ͫͨ͊ͪ͊ͭͦͪ͊Σ ͎͒ͪͦ͜ͼ͙ͦͤ͊͟͡ ͜ ͙͍͎ͤ͊ͣͤͦͦ ͺ͜͡Έͭͪ͊Σ ͍͍͒ͨͦ͒ͤͦ͜͜Φ 

ʈʘʥʽʰ ʚʞʝ ʧʨʦʚʦʜʠʣʦʩʷ ʤʦʜʝʣʶʚʘʥʥʷ ʯʠʩʪʦʪʠ ʄʆʈ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʣʠʩʪʦʚʦʾ ʧʨʦʢʘʪʢʠ 

ʟ ʮʽʣʣʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʯʠʩʪʢʠ ʄʆʈ [8]. 

ɽʬʝʢʪʠʚʥʠʤ ʟʘʩʦʙʦʤ ʩʪʘʙʽʣʽʟʘʮʽʾ ʯʠʩʪʦʪʠ ʄʆʈ ʚ ʧʨʦʮʝʩʽ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʬʽʣʴʪʨʽʚ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ, ʥʘʧʨʠʢʣʘʜ, ʥʘʤʠʚʥʠʭ ʧʘʪʨʦʥʥʠʭ ʬʽʣʴʪʨʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʦʯʠʩʪʢʠ 

ʜʣʷ ʯʘʩʪʦʢ ʟ ʨʦʟʤʽʨʘʤʠ 3é5 ʤʢʤ ʽ ʩʧʨʠʷʶʪʴ ʨʽʟʢʦʤʫ ʟʥʠʞʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʢʦʧʣʝʥʥʷ ʯʘʩʪʦʢ ʪʦʥʢʦʾ 
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ʬʨʘʢʮʽʾ [9]. 

ʗʢ ʦʙôʻʢʪ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ (ʨʠʩ. 2), ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʚʽʜʩʪʽʡʥʠʢʘ 

(ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʦʯʠʩʥʠʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʪʠʧʫ) ʟ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʧôʷʪʴ ʛʨʘʚʽʪʘʮʽʡʥʠʭ 

ʦʯʠʩʥʠʢʽʚ 1 2 3 4 5, , , ,ɺ ɺ ɺ ɺ ɺ ʟʽ ʩʪʫʧʝʥʷʤʠ ʦʯʠʩʪʢʠ 01 02 03 04 05, , , ,x x x x x. ʄʆʈ ʟ ʚʝʨʩʪʘʪʘ ʟ ʧʦʯʘʪʢʦʚʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ ʚʭʉ ʧʦʧʘʜʘʻ ʚ ʤʘʛʥʽʪʥʠʡ ʩʝʧʘʨʘʪʦʨ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʄx , ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʚʠʭʦʜʽ1ʉ. ʅʘʜʘʣʽ ʄʆʈ ʥʘʩʦʩʦʤ ʅ1 ʧʦʜʘʻʪʴʩʷ ʚ ʛʽʜʨʦʮʠʢʣʦʥ, ʚ ʷʢʦʤʫ 

ʄʆʈ ʦʯʠʱʫʻʪʴʩʷ ʟʽ ʩʪʫʧʝʥʝʤ ʦʯʠʩʪʢʠ ɻx, ʨʦʟʜʽʣʷʶʯʠʩʴ ʥʘ ʜʚʘ ʧʦʪʦʢʠ: ʦʯʠʱʝʥʠʡ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ 

3ʉ  ʽ ʟʘʙʨʫʜʥʝʥʠʡ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ4ʉ . 

ɿʘʙʨʫʜʥʝʥʠʡ ʧʦʪʽʢ ʧʦʧʘʜʘʻ ʚ ʰʣʘʤʦʚʠʡ ʨʝʟʝʨʚʫʘʨ ʟʽ ʩʪʫʧʝʥʝʤ ʦʯʠʩʪʢʠ ʐx  ʽ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʜʦʤʽʰʦʢ ʥʘ ʚʠʭʦʜʽ 5ʉ  ʨʫʭʘʻʪʴʩʷ ʚ ʛʨʘʚʽʪʘʮʽʡ ʦʯʠʩʥʠʢ 2ɺ  ʽ ʦʯʠʱʫʻʪʴʩʷ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ 6ʉ . 

ʆʯʠʱʝʥʠʡ ʧʦʪʽʢ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʚ ʨʝʟʝʨʚʫʘʨ ʛʨʘʚʽʪʘʮʽʡʥʦʾ ʦʯʠʩʪʢʠ 4ɺ ʟʽ ʩʪʫʧʝʥʝʤ ʦʯʠʩʪʢʠ 04x . 

ʇʦʪʽʢ ʄʆʈ ʟʽ ʰʣʘʤʦʚʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ 5ʉ  ʨʫʭʘʻʪʴʩʷ ʚ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʦʯʠʩʥʠʢ 

2ɺ ʽ ʧʽʩʣʷ ʦʯʠʩʪʢʠ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ 6ʉ  ʧʦʧʘʜʘʻ ʚ ʛʨʘʚʽʪʘʮʽʡʥʠʡ ʦʯʠʩʥʠʢ 3ɺ. 

ɯʟ ʦʯʠʩʥʠʢʘ 3ɺ ʄʆʈ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ 7ʉ  ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʦʯʠʩʥʠʢ 4ɺ. ɺ ʮʴʦʤʫ ʦʯʠʩʥʠʢʫ 

ʤʦʞʝ ʙʫʪʠ ʧʝʨʝʜʙʘʯʝʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʨʫʛʠʭ ʦʯʠʩʥʠʢʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ 

ʬʨʘʢʮʽʡ. 

 

 

ʈʠʩ. 2 ï ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ ʄʆʈ  

ɯʟ ʦʯʠʩʥʠʢʘ 4ɺ ʄʆʈ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ 8ʉ  ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚ ʦʯʠʩʥʠʢ 5ɺ, ʟʚʽʜʢʠ ʧʽʩʣʷ 

ʚʽʜʩʪʦʶʚʘʥʥʷ ʥʘʩʦʩʦʤ ʅ2 ʧʦʜʘʻʪʴʩʷ ʚ ʟʦʥʫ ʰʣʽʬʫʚʘʥʥʷ ʚʝʨʩʪʘʪʘ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʜʦʤʽʰʦʢ ʚʠʭʉ . 

ɺ ʩʭʝʤʽ, ʱʦ ʨʦʟʛʣʷʜʘʻʪʴʩʷ, ʄʆʈ ʧʨʦʭʦʜʠʪʴ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ ʦʯʠʩʪʢʠ.  

1-ʡ ʝʪʘʧ ï ʦʯʠʱʝʥʥʷ ʫ ʤʘʛʥʽʪʥʦʤʫ ʩʝʧʘʨʘʪʦʨʽ. ɼʣʷ ʮʴʦʛʦ ʝʪʘʧʫ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʥʘ ʚʠʭʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

 

1ʚʭ

ʄ

ʚʭ

ʉ ʉ

ʉ
x

S

S

-
= ;   

1 (1 )ʚʭ ʄʉ ʉ xS= - .    (9)  

 

2-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʽʢʫ 1ɺ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ: 

 

1 2

01

1

ʉ ʉ

ʉ
x

-
= ;   

2 1 01 01(1 ) (1 ) (1 )(1 )ʄ ʚʭ ʄʉ ʉ ʉx x x xS= - = - = - - .  (10)  

 

3-ʡ ʝʪʘʧ ï ʚʽʜʮʝʥʪʨʦʚʘ ʦʯʠʩʪʢʘ ʚ ʛʽʜʨʦʮʠʢʣʦʥʽ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ: 

 

 2 3

2

ɻ

ʉ ʉ

ʉ
x

-
= ; 

3 2 01(1 ) (1 )(1 )(1 )ɻ ʚʭ ʄ ɻʉ ʉ ʉx x x xS= - = - - -.   (11)  

 

4-ʡ ʝʪʘʧ ï ʟʛʫʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʫ ʛʽʜʨʦʮʠʢʣʦʥʽ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ: 
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4 2 01(1 )(1 )(1 )ɻ ʚʭ ʄ ɻ ʄʉ ʉ ʉx x x x xS= = - - - .    (12) 

 

5-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʦʯʠʩʪʢʠ ʛʽʜʨʦʮʠʢʣʦʥʦʤ ʫ ʰʣʘʤʦʚʦʤʫ ʨʝʟʝʨʚʫʘʨʽ. 

ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ: 

 

4 5

4

ʰ

ʉ ʉ

ʉ
x

-
= ;   

5 4 01(1 ) (1 ) (1 )(1 )(1 )ɻ ʚʭ ʐ ʚʭ ʄ ʐ ɻʉ ʉ ʉ ʉx x x x x xS S= - = - = - - -.  (13) 

 

6-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʽʢʫ 2ɺ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ: 

 

5 6

02

5

ʉ ʉ

ʉ
x

-
= ;   

6 5 02 01 01 02(1 ) (1 ) (1 )(1 )(1 ) (1 )ʚʭ ʚʭ ʄ ʐ ɻʉ ʉ ʉ ʉx x x x x x xS S= - = - = - - - - (14) 

 

7-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʽʢʫ 3ɺ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ: 

 

6 7

03

6

ʉ ʉ

ʉ
x

-
= ;   

7 6 03 01 01 02 03(1 ) (1 ) (1 )(1 )(1 ) (1 )(1 )ʚʭ ʚʭ ʄ ʐ ɻʉ ʉ ʉ ʉx x x x x x x xS S= - = - = - - - - -. (15) 

8-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʽʢʫ 4ɺ(ʜʚʘ ʚʭʽʜʥʠʭ ʧʦʪʦʢʠ ʟʘʙʨʫʜʥʝʥʦʾ ʄʆʈ). ʇʘʨʘʤʝʪʨʠ 

ʦʯʠʩʪʢʠ: 

 

7 3 8

04

7 3

0,5( )

0.5( )

ʉ ʉ ʉ

ʉ ʉ
x

+ -
=

+
;          

 

8 7 3 04 01 04 02 030,5( )(1 ) 0,5 (1 )(1 )(1 )[ (1 )(1 )(1 ) (1 )]ʚʭ ʄ ɻ ʐ ɻʉ ʉ ʉ ʉx x x x x x x x xS= + - = - - - - - - + -. (16) 

9-ʡ ʝʪʘʧ ï ʛʨʘʚʽʪʘʮʽʡʥʝ ʦʩʘʜʞʝʥʥʷ ʫ ʚʽʜʩʽʢʫ 5ɺ. ʇʘʨʘʤʝʪʨʠ ʦʯʠʩʪʢʠ: 

 

8

05

8

ʚʠʭʉ ʉ

ʉ
x

-
= ;       

 

8 05 01 04 05 02 03(1 ) 0,5 (1 )(1 )(1 )(1 )[ (1 ) (1 ) (1 ) (1 )]ʚʠʭ ʚʭ ʄ ɻ ʐ ɻʉ ʉ ʉx x x x x x x x x xS= - = - - - - - - - + - .     (17) 

 

 ɿʘʛʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʚʩʽʻʾ ʫʩʪʘʥʦʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣ 

ʦʶ: 

01 04 05 02 03

0,5
1 1 (1 )(1 )(1 )(1 )[ (1 ) (1 ) (1 ) (1 )]ʚʠʭ

ʄ ɻ ʐ ɻ

ʚʭ ʚʭ

ʉ

ʉ ʉ
x x x x x x x x x xS S S

ë ûî î
= - = - - - - - - - - + -ì ü

î îí ý
. (18) 

 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʢʦʥʘʥʠʭ ʧʝʨʝʚʽʨʦʯʥʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʧʦʨʽʚʥʷʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ ʫ ʄʆʈ ʧʽʩʣʷ ʾʾ ʦʯʠʩʪʢʠ ʨʽʟʥʠʤʠ ʦʯʠʩʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. 

ʅʘʚʝʜʝʥʘ ʜʽʘʛʨʘʤʘ ʽʣʶʩʪʨʫʻ ʩʪʨʫʢʪʫʨʫ ʽ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʟʤʽʥʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʚ 

ʧʨʦʮʝʩʽ ʧʦʩʣʽʜʦʚʥʦʾ ʦʯʠʩʪʢʠ ʄʆʈ ʧʨʠ ʾʾ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʦʯʠʩʥʫ ʫʩʪʘʥʦʚʢʫ.  

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʦʯʠʩʪʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʽ ʩʫʢʫʧʥʦʩʪʽ 

ʥʘʜʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ, ʱʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 2. 

ɸʥʘʣʽʟ ʜʽʘʛʨʘʤʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʜʦʣʶ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʯʘʩʪʦʢ, ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʣʝʥʥʷ ʷʢʠʭ ʚ 

ʄʆʈ ʥʘʡʙʽʣʴʰ ʚʝʣʠʢʘ. ʄʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʦʞ, ʥʘ ʷʢʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʦʯʠʩʥʠʢʠ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ (ʥʘʤʠʚʥʠʡ ʬʽʣʴʪʨ, ʮʝʥʪʨʠʬʫʛʫ, ʚʘʢʫʫʤʥʠʡ ʬʣʦʪʘʪʦʨ) ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʪʨʦʾʚ. 
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ʈʠʩ. 3 ï ɼʽʘʛʨʘʤʘ ʟʤʽʥʠ ʤʘʩʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʄʆʈ ʯʘʩʪʦʢ 5 ʤʢʤ ʽ ʤʝʥʰʝ ʚ ʦʯʠʩʥʽʡ ʫʩʪʘʥʦʚʮʽ 

 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʦʯʠʩʥʠʢ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʬʨʘʢʮʽʡ ʪʦʥʢʦʾ ʦʯʠʩʪʢʠ ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ ʦʩʪʘʥʥʴʦʤʫ 

ʝʪʘʧʽ ʦʯʠʩʪʢʠ. 

ʊʘʙʣʠʮʷ 2 ï ʆʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʩʪʨʦʾʚ ʜʣʷ ʦʯʠʩʪʢʠ ʄʆʈ ʫ ʚʘʣʴʮʝʰʣʽʬʫʚʘʣʴʥʠʭ ʚʝʨʩʪʘʪʘʭ  

Ѕ 
͘κͨ 

ˤ͙͒ ͦ;͙͙ͫͤ͊͟  ˽͙͍ͪͦ͒ͯͭͤͫͭ͟͜ΈΣ 
͒ͣ3/ͻ ͍

˿ͭͯͨͤ͜Έ ͦ;͙͙ͫͭ͟Σ 
% 

́ͦͤͫͭ͟͜Έ ͦ;͙͙ͫͭ͟Σ 
d50Σ ͣͣ͟ 

˴ͦͤͼ͔ͤͭͪ͊ͼ͜Ύ 
͒ͦͣ͜΄ͦ͟ ͤ͊ ͍ͻͦ͒͜Σ 
/͎ͣ3 

1.  ʕ͚͙͒ͫͭͤ͜͜͟  5-300 70-90 20-75 ͋ͯ͒Έ-Ύ͊͟ 

2.  ˸͎͙͚͊ͤͭͤ͜ 
͔ͫͨ͊ͪ͊ͭͦͪ 
͙͚͋͊ͪ͊͋͊ͤͤ 

5-300 70-90 20-75 ͋ͯ͒Έ-Ύ͊͟ 

3.  ̅͜͡Έͭͪ-͔ͭͪ͊ͤͫͨͦͪͭͪ 20-200* 75-98* 25 0,5 

4.  ˥͒ͪͦ͜ͼ͙ͦͤ͟͡ 20-100 80-92 5-15 0,5-5 

5.  ͔͙̇ͤͭͪͺ͎ͯ͊ ͒ͦ мрл 98 3 <1 

6.  ̅͜͡Έͭͪ ͙͍͙͚ͤ͊ͣͤ 150 ͜  ͋͜͡Έ΄͔ 97-99 2-5 0,5 

7.  ̅ͦͭ͊ͭͦͪ͡ 
͍͙͚͊ͯͯͣͤ͟  

˭͔͙͊͗ͭ͡Έ ͍͒͜ 
ͨͦ͡΅͜ 

65-95**  2-5 0,2-0,3 

* ς ͘ ͔͙͊͗ͭ͡Έ ͍͒͜ ͺ͜͡ΈͭͪͯΌ;͎ͦͦ ͨͦͦͭͤ͊͡Τ ϝϝ ς ͘  ͍͙͙ͦͪͫͭ͊ͤͤ͟Ύͣ ͍͔ͨͦͪͻ͔͍ͤͦ ͙͍͙͊ͭͤ͟ͻ ͔ͪ;͍͙ͦͤ 

 

ɼʣʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʯʠʩʪʢʠ ʚ ʫʩʪʘʥʦʚʮʽ ʩʣʽʜ ʚʠʟʥʘʯʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ 

ʦʯʠʩʪʢʠ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʘʛʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʘʥʽ ʧʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʜʣʷ ʦʢʨʝʤʠʭ ʜʽʘʧʘʟʦʥʽʚ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ (1é5 ʤʢʤ; 5é10 ʤʢʤ; 10é15 ʤʢʤ; 15é25 ʤʢʤ 

25é50 ʤʢʤ ʽ ʪʘʢ ʜʘʣʽ). ʎʝ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʥʘʢʦʧʣʝʥʥʷ ʜʦʤʽʰʦʢ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʆʈ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʮʴʦʤʫ ʻ ʜʽʘʧʘʟʦʥ ʜʨʽʙʥʦʟʝʨʥʠʩʪʠʭ ʜʦʤʽʰʦʢ ʨʦʟʤʽʨʘʤʠ 1é5 ʤʢʤ, ʦʩʢʽʣʴʢʠ 

ʰʚʠʜʢʽʩʪʴ ʥʘʢʦʧʣʝʥʥʷ ʾʭ ʚ ʄʆʈ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʘ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʾ ʦʯʠʩʪʢʠ ʙʽʣʴʰʦʩʪʽ 

ʦʯʠʩʥʠʢʽʚ ʚʽʜ ʮʠʭ ʯʘʩʪʦʢ. 

 

ɺʠʩʥʦʚʢʠ.  
1. ʈʦʟʨʦʙʣʝʥʦ ʩʪʨʫʢʪʫʨʫ ʽ ʧʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʫʩʪʘʥʦʚʢʠ ʟ ʜʝʢʽʣʴʢʦʤʘ ʦʯʠʩʥʠʢʘʤʠ ʧʨʠ ʾʭ 

ʧʦʩʣʽʜʦʚʥʦ-ʧʘʨʘʣʝʣʴʥʦʤʫ ʟôʻʜʥʘʥʽ. ʅʘ ʦʩʥʦʚʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘʜʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʯʠʩʪʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʻ ʩʧʨʘʚʝʜʣʠʚʦʶ ʧʨʠ ʦʜʥʦʨʘʟʦʚʦʤʫ 

ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʝʣʝʤʝʥʪʠ ʦʯʠʩʥʦʾ ʫʩʪʘʥʦʚʢʠ. 

2. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʨʘʚʽʪʘʮʽʡʥʠʭ ʦʯʠʩʥʠʢʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʢʦʝʬʽʮʽʻʥʪ  ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ (ʨʦʟʤʽʨʦʤ ʤʝʥʰʝ 5 ʤʢʤ) ʜʦʤʽʰʦʢ ʫ ʄʆʈ. ʇʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ ʩʪʫʧʝʥʷ ʦʯʠʩʪʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ, ʢʦʪʨʘ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʯʘʩʽ. 

3. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʰʣʽʬʦʚʘʥʠʭ 

ʧʦʚʝʨʭʦʥʴ ʽ ʧʨʠʡʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʽʰʝʥʥʷ ʱʦʜʦ ʧʨʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʽʚ ʨʽʟʘʥʥʷ, 

ʟʘʤʽʥʠ ʘʙʦ ʧʨʘʚʢʠ ʰʣʽʬʫʚʘʣʴʥʦʛʦ ʢʨʫʛʘ, ʦʯʠʩʪʢʠ ʘʙʦ ʟʘʤʽʥʠ ʄʆʈ. 

4. ʇʨʠʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʢʦʤʝʥʜʫʶʪʴʩʷ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʚʘʣʢʽʚ ʧʨʦʢʘʪʥʠʭ ʩʪʘʥʽʚ, ʘ ʪʘʢʦʞ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦ 

ʚʠʨʦʙʥʠʮʪʚʫ ʽ ʨʝʛʝʥʝʨʘʮʽʾ ʄʆʈ.  

5. ʇʝʨʩʧʝʢʪʠʚʦʶ ʨʦʟʚʠʪʢʫ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ 
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ʦʯʠʩʪʢʠ ʜʣʷ ʜʽʘʧʘʟʦʥʽʚ ʤʝʭʘʥʽʯʥʠʭ ʯʘʩʪʦʢ 1é5 ʤʢʤ; 5é10 ʤʢʤ; 10é15 ʤʢʤ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʚʠʟʥʘʯʘʪʠ ʽ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʜʠʥʘʤʽʢʫ ʥʘʢʦʧʣʝʥʥʷ ʜʦʤʽʰʦʢ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʄʆʈ.  
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ʉʊɸʊʀʏʅʀʁ ɸʅɸʃɯɿ ʐʇʀʅɼɽʃʔʅʆɻʆ ɺɸʃʋ ʄʆɹɯʃʔʅʆɻʆ ʈʆɿʊʆʏʋɺɸʃʔʅʆɻʆ 

ɺɽʈʉʊɸʊʋ 
 

ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠʤʦʛ ʪʘ ʢʨʠʪʝʨʽʾʚ, ʱʦ ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʤʦʙʽʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʅʘ ʙʘʟʽ ʚʽʜʦʤʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʘʪʠʯʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʨʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʪʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ 
ʥʘ ʥʝʣʽʥʽʡʥʠʭ ʦʧʦʨʘʭ. ʋ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ. ʈʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʟʽʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʤʘʪʨʠʯʥʽʡ ʬʦʨʤʽ. ʅʝʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʬʦʨʤʫʻʪʴʩʷ 
ʘʚʪʦʤʘʪʠʯʥʦ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ. ɼʣʷ ʾʾ ʨʽʰʝʥʥʷ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʨʦʩʪʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ. ʆʩʦʙʣʠʚʽʩʪʶ 
ʨʦʙʦʪʠ ʻ ʚʨʘʭʫʚʘʥʥʷ ʥʝʣʽʥʽʡʥʦʡ ʟʘʣʝʞʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʧʽʜʰʠʧʥʠʢʽʚ ʚʽʜ ʜʽʶʯʠʭ ʥʘ ʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʧʨʦʚʝʜʝʥʦ 

ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʤʦʙʽʣʴʥʦʡ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʍʊ7809-0524, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʚʝʣʠʢʦʛʦ 

ʜʽʘʤʝʪʨʫ. ɼʣʷ ʜʝʢʽʣʴʢʦʭ ʚʘʨʽʘʥʪʽʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʟʛʠʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʨʦʟʨʘʭʫʥʦʢ ʧʨʦʛʠʥʽʚ ʪʘ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ 
ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ. ʇʦʙʫʜʦʚʘʥʽ ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʧʝʨʝʤʽʱʝʥʴ ʧʝʨʝʨʽʟʽʚ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʚʟʜʦʚʞ ʡʦʛʦ ʦʩʽ. ɿôʷʩʦʚʘʥʦ ʱʦ ʣʽʥʽʡʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʍʊ7809-0524 ʥʠʞʯʝ ʥʦʨʤʘʪʠʚʥʦʾ, ʧʨʠʥʷʪʦʾ ʫ ʚʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʽ. ʇʨʠʚʝʜʝʥʦ 

ʛʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʟʫʩʠʣʴ ʫ ʧʝʨʝʨʽʟʘʭ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ, ʟʨʦʙʣʝʥʦ ʦʮʽʥʢʫ ʡʦʛʦ ʤʽʮʥʦʩʪʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʽʚʝʥʴ 
ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ ʻ ʧʨʠʡʥʷʪʥʠʤ ʽ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʚʘʣʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ, ʥʝʣʽʥʽʡʥʘ ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨ, ʩʪʘʪʠʯʥʠʡ ʥʘʣʽʟ, ʤʦʙʽʣʴʥʘ ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʤʘʰʠʥʘ. 
 

KHAVIN V., KYRKACH B., KYRKACH O., KHAVIN A I . 

STATIC DEFORMATION ANALYSIS OF A MOBILE CUTTING MACHINE  
A study of the special requirements and criteria to portable cutting machines was carried out. Based on the existing approaches to the 

deformation analysis of spindle units the calculation schemes and mathematical model for the static analysis of the problem were developed. The 

implemented approach makes use of the Timoshenko beam model. The resulting differential equation of the bent beam axis is solved by the 

method of initial parameters in the matrix form. The nonlinear equation system for the chosen calculation scheme is formed automatically and is 
solved iteratively. A special feature of the proposed approach is the nonlinear relation between the stiffness of the bearings and the forces acting 

upon them. As a model application example, the results of the static deformation analysis of portable boring machine XT7809-0524 are 

presented. An estimate of the bending stiffness and the corresponding distributions of bending deflections and rotations were obtained for several 
calculation schemes of the machine. The obtained solution quantities are presented in form of graphs along the spindle axis. It has been found, 

that the calculated equivalent stiffness of XT7809-0524 machine spindle shaft is lower than the normative value used in the industry. A strength 

assessment of the spindle shaft was also made and the distributions of internal forces and moments acting on shaft cross sections were obtained. It 
has been concluded, that under work loads the maximum stress in the shaft is acceptable to provide for the required factor of safety. 

Keywords: spindle shaft, nonlinear support stiffness, static deformation analaysis, mobile cutting machine. 
 

ɺʩʪʫʧ. ɸʥʘʣʽʟ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʽ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʽʡ ʩʫʯʘʩʥʠʭ ʚʝʨʩʪʘʪʽʚ ʻ 

ʦʜʥʠʤ ʟ ʚʘʞʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʾʭ ʨʦʟʨʦʙʮʽ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʙʘʛʘʪʦ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʮʽʡ ʮʘʨʝʥʽ, ʚʠʢʦʥʘʥʠʭ 

ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʚʝʨʩʪʘʪʽʚ. ɸʣʝ ʤʘʡʞʝ ʥʝʤʘʻ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʦʨʪʘʪʠʚʥʠʭ 

ʚʝʨʩʪʘʪʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʨʝʤʦʥʪʥʽ ʨʦʙʦʪʠ, ʘʙʦ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʟʘʛʦʪʦʚʢʦʢ çʧʦ ʤʽʩʮʶè. 

ɼʦ ʤʦʙʽʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ ʚʠʩʫʚʘʻʪʴʩʷ ʨʷʜ ʚʠʤʦʛ: 

- ʣʝʛʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ; 

- ʚʠʩʦʢʦʾ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ ʽ ʥʘʜʽʡʥʦʩʪʽ; 

- ʱʽʣʴʥʦʛʦ ʧʨʠʻʜʥʘʥʥʷ ʜʦ ʦʙʨʦʙʣʷʻʤʠʭ ʜʝʪʘʣʝʡ ʨʽʟʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ. 

ʂʨʽʤ ʮʴʦʛʦ, ʧʦʨʪʘʪʠʚʥʠʡ ʚʝʨʩʪʘʪ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʽ ʚʽʙʨʦʩʪʽʡʢʦʩʪʽ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʦʧʝʨʘʮʽʡ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʘʞʘʥʦʾ ʪʦʯʥʦʩʪʽ ʨʦʟʤʽʨʦʚ, ʧʨʦʬʽʣʷ ʽ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ 

ʜʝʪʘʣʽ. 

ʄʦʙʽʣʴʥʽ ʚʝʨʩʪʘʪʠ, ʚʥʘʩʣʽʜʦʢ ʾʭ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʧʦʚʠʥʥʽ ʤʘʪʠ ʚʽʜʥʦʩʥʦ ʤʘʣʫ ʚʘʛʫ, ʱʦ 

ʚʽʜʙʠʚʘʻʪʴʩʷ ʥʘ ʾʭ ʟʥʠʞʝʥʽʡ ʞʦʨʩʪʢʦʩʪʽ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʠʥʠʢʘʶʪʴ ʧʦʭʠʙʢʠ ʦʙʨʦʙʢʠ, ʢʦʣʠ ʩʠʩʪʝʤʘ 

ʚʝʨʩʪʘʪʫ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʟʫʩʠʣʣʷʤʠ ʨʽʟʘʥʥʷ. ʊʘʢʽ ʧʦʭʠʙʢʠ ʧʦʚôʷʟʘʥʽ ʟ ʜʝʬʦʨʤʘʮʽʻʶ ʝʣʝʤʝʥʪʽʚ ʚʝʨʩʪʘʪʫ, ʷʢʽ 

ʧʝʨʝʜʘʶʪʴ ʩʠʣʦʚʽ ʧʦʪʦʢʠ, ʽʩʥʫʚʘʥʥʷʤ ʟʘʟʦʨʽʚ ʫ ʨʦʟʙʽʨʥʠʭ ʟôʻʜʥʘʥʥʷʭ, ʢʦʤʧʦʥʦʚʦʯʥʦʶ ʩʭʝʤʦʶ ʚʝʨʩʪʘʪʫ. ʇʨʠ 

ʮʴʦʤʫ ʩʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʧʨʫʞʝʥʥʷ ʽ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʚʝʨʩʪʘʪʫ ʦʙʫʤʦʚʣʝʥʽ ʩʫʤʽʩʥʦʶ ʜʽʻʶ 

ʤʝʭʘʥʽʯʥʦʛʦ ʪʘ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʄʦʙʽʣʴʥʽ ʚʝʨʩʪʘʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʰʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ, ʷʢʠʡ ʥʝ ʪʽʣʴʢʠ ʫʪʨʠʤʫʻ ʽʥʩʪʨʫʤʝʥʪ, ʘ ʡ 

ʟʘʙʝʟʧʝʯʫʻ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʽ ʡʦʛʦ ʨʦʙʦʯʫ ʧʦʜʘʯʫ. ɾʦʨʩʪʢʽʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʤʘʻ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘ 

ʪʦʯʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʝʨʩʪʘʪʫ. ɺʦʥʘ ʤʦʞʝ ʩʢʣʘʜʘʪʠ 30 -40% ʚʽʜ ʩʫʤʘʨʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʚʝʨʩʪʘʪʘ [1]. 

ʐʧʠʥʜʝʣʴʥʽ ʚʘʣʠ ï ʩʪʘʣʴʥʽ ʮʠʣʽʥʜʨʠ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʧʽʜʰʠʧʥʠʢʠ. ʈʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʢʨʽʧʠʪʴʩʷ ʥʘ 

ʧʝʨʝʜʥʴʦʤʫ ʢʽʥʮʽ ʚʘʣʘ. ɺʽʩʴ ʦʪʚʦʨʫ ʚʘʣʘ ʰʧʠʥʜʝʣʷ ʽ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʧʦʚʠʥʥʽ ʩʧʽʚʧʘʜʘʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʪʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ. 

ɸʥʘʣʽʟ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦ ʟʜʘʪʥʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʤʽʮʥʦʩʪʽ), 

ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʜʠʥʘʤʽʯʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʉʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʦʪʨʽʙʝʥ ʜʣʷ ʦʮʽʥʢʠ ʧʝʨʝʤʽʱʝʥʴ, 

ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ. ʅʘʡʯʘʩʪʽʰʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʛʠʥʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʩʪʝʤʠ ʽʥʩʪʨʫʤʝʥʪ ï 

ʰʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ. ɸʣʝ ʜʣʷ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ 

(ʨʦʟʪʦʯʫʚʘʥʥʷ, ʟʝʥʢʝʨʫʚʘʥʥʷ ʽ ʪ.ʧ.), ʥʝʦʙʭʽʜʥʘ ʱʝ ʡ ʦʮʽʥʢʘ ʢʨʫʪʠʣʴʥʦʾ ʪʘ ʧʨʦʢʦʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʽʥʩʪʨʫʤʝʥʪ ï ʰʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʚ ʨʘʤʢʘʭ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ. 

 

É ɺ.ʃ. ʍʘʚʽʥ, ɹ.ʄ. ʂʠʨʢʘʯ, ʆ.ɹ. ʂʠʨʢʘʯ, ʀ.ʇ. ʍʘʚʽʥʘ,  2023 
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ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʦʙʣʝʤʠ ʽ ʥʝʚʠʨʽʰʝʥʽ ʧʠʪʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ ʨʦʟʪʦʯʫʚʘʥʥʷ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ 

ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʦʧʨʘʚʢʘ (ʚʘʣ ʰʧʠʥʜʝʣʷ) ʧʦʚʠʥʥʘ ʙʫʪʠ ʜʦʚʛʦʶ ʽ ʪʦʥʢʦʶ, ʪʦʤʫ ʚʦʥʘ ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ 

ʩʪʘʪʠʯʥʠʤ ʽ ʜʠʥʘʤʽʯʥʠʤ ʚʽʜʭʠʣʝʥʥʷʤ. ʎʽ ʦʙʩʪʘʚʠʥʠ ʧʨʠʚʦʜʷʪʴ ʜʦ ʨʦʟʤʽʨʥʠʭ ʧʦʤʠʣʦʢ, ʟʥʠʞʫʶʪʴ ʷʢʽʩʪʴ 

ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʟʥʠʞʫʶʪʴ ʪʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪʘ.  

ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʚʠʙʦʨʫ ʷʢ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʘʣʘ ʽ ʧʽʜʰʠʧʥʠʢʽʚ, ʪʘʢ ʽ ʦʧʝʨʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ. 

ʇʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ ʚʘʣ ʰʧʠʥʜʝʣʷ ʧʽʜʜʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷʤ ʟʛʠʥʘʥʥʷ, ʢʨʫʯʝʥʥʷ ʪʘ ʨʦʟʪʷʛʘʥʥʷ ï 

ʩʪʠʩʢʘʥʥʷ. ɿʛʠʥʘʥʥʷ ʚʠʢʣʠʢʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʥʦʨʤʘʣʽ ʪʘ ʜʦʪʠʯʥʦʾ ʜʦ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʫ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ 

ʨʽʞʫʯʦʛʦ ʢʣʠʥʫ ʪʘ ʟʘʛʦʪʦʚʢʠ, ʢʨʫʯʝʥʥʷ ʪʘ ʨʦʟʪʷʛʘʥʥʷ ï ʩʪʠʩʢʘʥʥʷ  - ʫ ʦʢʨʫʞʥʦʤʫ ʪʘ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʘʭ 

ʚʽʜʧʦʚʽʜʥʦ. 

ɺ ʨʘʤʢʘʭ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʮʽʥʶʶʪʴʩʷ ʚʠʱʝʟʛʘʜʘʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʨʝʞʠʤʘʭ. ʂʨʽʤ 

ʪʦʛʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʟʫʩʠʣʣʷ, ʥʘʧʨʫʞʝʥʥʷ ʪʘ ʜʝʬʦʨʤʘʮʽʾ ʫ ʢʦʤʧʦʥʝʥʪʘʭ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʧʽʜ 

ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ ʽ ʟʫʩʠʣʴ ʟ ʙʦʢʫ ʧʨʠʚʦʜʘ. 

ɺʠʟʥʘʯʘʣʴʥʫ ʨʦʣʴ ʧʨʠ ʦʮʽʥʮʽ ʞʦʨʩʪʢʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʚʽʜʽʛʨʘʶʪʴ ʧʝʨʝʤʽʱʝʥʥʷ ʧʨʠ ʟʛʠʥʘʥʥʽ. 

ʊʦʤʫ ʾʤ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʫ ʧʝʨʰʫ ʯʝʨʛʫ. 

ʇʝʨʰʦʶ ʤʦʜʝʣʣʶ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʘ ʧʨʫʞʥʘ ʙʘʣʢʘ ʥʘ ʞʦʨʩʪʢʠʭ ʦʧʦʨʘʭ ʧʽʜ ʜʽʻʶ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦʾ 

ʩʠʣʠ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʚ [1,2] ʨʦʟʨʦʙʣʝʥʠʡ ʙʽʣʴʰ ʪʦʯʥʠʡ ʧʽʜʭʽʜ, ʫ ʷʢʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʫʤʫʚʘʪʠ ʧʨʦʛʠʥʠ 

ʚʘʣʫ ʰʧʠʥʜʝʣʷ ʷʢ ʧʨʫʞʥʦʾ ʙʘʣʢʠ ʥʘ ʞʦʨʩʪʢʠʭ ʦʧʦʨʘʭ ʽ ʚʽʜʭʠʣʝʥʥʷ ʞʦʨʩʪʢʦʛʦ ʚʘʣʫ ʥʘ ʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ 

ʦʧʦʨʘʭ, ʱʦ ʤʦʜʝʣʶʶʪʴ ʧʽʜʰʠʧʥʠʢʠ. ʋ [4] ʚʠʷʚʣʝʥʽ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ 

ʞʦʨʩʪʢʽʩʪʴ ʛʦʣʦʚʥʦʛʦ ʰʧʠʥʜʝʣʷ ʚʝʨʩʪʘʪʫ. ʋ ʧʽʜʨʘʭʫʥʢʫ ʧʝʨʝʤʽʱʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚʠʱʝʟʘʟʥʘʯʝʥʠʡ 

ʧʽʜʭʽʜ ʩʫʤʫʚʘʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʈʦʟʜʠʚʣʷʣʠʩʷ ʧʠʪʘʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʧʽʜʰʠʧʥʠʢʽʚ, ʤʽʞ ʦʧʦʨʥʠʭ 

ʚʽʜʩʪʘʥʝʡ ʪʘ ʜʦʚʞʠʥʠ ʢʦʥʩʦʣʽ. 

ɸʥʘʣʽʟ ʨʦʟʛʣʷʥʫʪʠʭ ʨʦʙʦʪ ʚʢʘʟʫʻ ʥʘ ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʜʚʦʭ ʦʧʦʨʥʠʭ ʤʦʜʝʣʝʡ ʜʦ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦ 

ʦʧʦʨʥʠʭ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ. ɺ ʤʝʞʘʭ ʮʽʻʾ ʤʦʜʝʣʽ ʥʝʤʦʞʣʠʚʦ ʚʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʧʦʨ 

ʟ ʜʝʢʽʣʴʢʦʤʘ ʧʽʜʰʠʧʥʠʢʘʤʠ, ʘʙʦ ʟ ʙʘʛʘʪʦʨʷʜʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ. 

ʇ.ʄ. ʏʝʨʥʷʥʩʴʢʠʤ [1] ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦ ʨʦʟʨʘʭʫʥʢʫ ʟʛʠʥʘʣʴʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʙʘʛʘʪʦ 

ʦʧʦʨʥʠʭ ʚʘʣʽʚ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ, ʚ ʦʩʥʦʚʫ ʷʢʦʛʦ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʜʠʬʝʨʝʥʮʽʡʥʝ ʨʽʚʥʷʥʥʷ ʟʽʛʥʫʪʦʾ ʦʩʽ ʙʘʣʢʠ 

ʥʘ ʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ. ɹʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʣʝʢʩ[4]  ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʝʨʝʭʽʜʥʠʭ ʤʘʪʨʠʮʴ. 

ɹʝʟʧʦʩʝʨʝʜʥʻ ʚʨʘʭʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʤʦʞʣʠʚʝ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ, ʪʘʢʠʭ ʷʢ ʤʝʪʦʜ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʉɽ) ʘʙʦ ʤʝʪʦʜ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʄʇʇ), 

ʥʘʧʨʠʢʣʘʜ [5-12]. 

ɸʣʝ, ʚʽʜʧʦʚʽʜʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻ ʜʦʩʠʪʴ ʥʝʟʨʫʯʥʠʤ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ 

ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʟ ʥʝʣʽʥʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʊʦʤʫ, ʤʝʪʘ ʜʘʥʦʾ ʨʦʙʦʪʠ ï ʨʦʟʨʦʙʢʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ, ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʙʦʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʤʦʙʽʣʴʥʦʛʦ ʨʦʟʪʦʯʫʚʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʫ, ʡʦʛʦ 

ʤʽʮʥʦʩʪʽ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʣʽʥʽʡʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ, ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʪʘʪʠʯʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʰʧʠʥʜʝʣʴʥʦʛʦ 

ʚʘʣʘ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʽʚ ʪʘ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʝʨʝʨʽʟʘʭ, ʚʠʥʠʢʘʶʯʠʭ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʧʨʠʚʦʜʘ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʽ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʙʫʣʠ ʚʚʝʜʝʥʽ ʥʘʩʪʫʧʥʽ ʛʽʧʦʪʝʟʠ ʽ ʧʨʠʧʫʱʝʥʥʷ 

- ʮʝʥʪʨʫʚʘʥʥʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʪʘ ʧʽʜʰʠʧʥʠʢʽʚ ʦʜʥʘʢʦʚʝ; 

- ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʣʘ ʪʘ ʡʦʛʦ ʦʧʦʨ ʽʟʦʪʨʦʧʥʽ ʚ ʧʣʦʱʠʥʽ, ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ 

(ʦʩʝʩʠʤʝʪʨʠʯʥʘ ʟʘʜʘʯʘ); 

- ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʚʚʘʞʘʚʩʷ ʧʨʫʞʥʦʶ ʙʘʣʢʦʶ ʊʠʤʦʰʝʥʢʦ ʟ ʤʘʣʠʤʠ ʧʨʦʛʠʥʘʤʠ ʽ ʢʫʪʘʤʠ ʧʦʚʦʨʦʪʫ 

ʧʝʨʝʨʽʟʽʚ; 

- ʨʘʜʽʘʣʴʥʘ (ʧʦʧʝʨʝʯʥʘ) ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʤʘʻ ʥʝʣʽʥʽʡʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ; 

- ʢʦʨʧʫʩ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ, ʨʽʞʫʯʠʡ ʢʣʠʥ ʪʘ ʟʘʛʦʪʦʚʢʘ ʤʘʶʪʴ ʥʝʩʢʽʥʯʝʥʫ ʞʦʨʩʪʢʽʩʪʴ; 

- ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʚʢʣʶʯʘʻ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʟʫʩʠʣʣʷ ʟ ʙʦʢʫ ʧʨʠʚʦʜʘ ʪʘ ʨʝʘʢʪʠʚʥʽ ʩʠʣʠ ʚʽʜ 

ʦʧʦʨ ï ʧʽʜʰʠʧʥʠʢʽʚ; 

- ʛʨʘʚʽʪʘʮʽʡʥʽ ʪʘ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ ʚʚʘʞʘʶʪʴʩʷ ʤʘʣʠʤʠ, ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʽʚ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ʂʦʞʝʥ ʧʽʜʰʠʧʥʠʢ ʙʘʛʘʪʦ ʦʧʦʨʥʦʛʦ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʫ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʩʭʝʤʽ ʟʘʤʽʥʶʻʪʴʩʷ ʧʨʫʞʥʦʶ 

ʩʢʦʥʮʝʥʪʨʦʚʘʥʦʶ ʦʧʦʨʦʶ ʟ ʞʦʨʩʪʢʽʩʪʶ nC , ʜʦ ʷʢʦʾ ʧʨʠʢʣʘʜʝʥʘ ʨʝʘʢʮʽʷ NnnR ...3,2,1, = , ʅʘ ʨʠʩ.1 ʧʦʜʘʥʽ 

ʚʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʜʣʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʧʦʨʪʘʪʠʚʥʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʷʢʠʡ ʩʧʠʨʘʻʪʴʩʷ 

ʥʘ ʧôʷʪʴ ʧʨʫʞʥʠʭ ʦʧʦʨ. ʅʘ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʜʽʶʪʴ ʢʦʤʧʦʥʝʥʪʠ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ Fxr, Fyr, Fzr ʽ ʤʦʤʝʥʪʠ ʨʽʟʘʥʥʷ 

ʄxr, ʄyr, ʄzr, ʘ ʪʘʢʦʞ ʟʫʩʠʣʣʷ ʽ ʤʦʤʝʥʪʠ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ Fxpr, Fypr, Fzpr, ʄxpr, ʄypr, ʄzpr  (ʜʠʚ. ʨʠʩ. 1b,c). ɼʣʷ 

ʦʮʽʥʢʠ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʥʘʚʘʥʪʘʞʫʻʪʴʩʷ ʦʜʠʥʠʯʥʦʶ ʩʠʣʦʶ (ʜʠʚ. ʨʠʩ. 1a). 

 

 



ISSN 2079ï004ʍ(Print), ISSN 2786ï7587(Online). ɺʽʩʥʠʢ ʅʊʋ çʍʇɯè. 2023.ˉ2 (8) 67 

 
͊ύ 

 
b) 

 
ͫύ 

 

ʈʠʩ.1 ï ʈʦʟʨʘʭʫʥʢʦʚʽ ʩʭʝʤʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ 

ʘ) ï ʨʦʟʨʘʭʫʥʦʢ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʫ ʧʽʜ ʜʽʻʶ ʦʜʠʥʠʯʥʦʾ ʩʠʣʠ, 

b) ï ʨʦʟʨʘʭʫʥʦʢ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣʫ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʴ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ, 

c) ï ʨʦʟʨʘʭʫʥʦʢ ʞʦʨʩʪʢʦʩʪʽ ʪʘ ʤʽʮʥʦʩʪʽ ʚʘʣʫ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ 

 

ʄʦʜʝʣʽ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ. ɼʣʷ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʴ, ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʧʝʨʝʤʽʱʝʥʴ ʚʘʞʣʠʚʫ 

ʨʦʣʴ ʤʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʪʦʯʥʽʩʪʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʩʠʣ ʨʽʟʘʥʥʷ, ʚʠʥʠʢʘʶʯʠʭ ʟʦʢʨʝʤʘ ʧʨʠ ʨʦʟʪʦʯʫʚʘʥʥʽ. 

ʈʦʟʪʦʯʫʚʘʥʥʷ ï ʦʧʝʨʘʮʽʷ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʛʣʠʙʦʢʠʭ ʦʪʚʦʨʽʚ ʚʝʣʠʢʦʛʦ 

ʜʽʘʤʝʪʨʫ. ɼʽʘʤʝʪʨ ʦʪʚʦʨʫ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ ʘʙʦ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ, ʷʢʘ 

ʟʘʢʨʽʧʣʝʥʘ ʥʘ ʜʦʩʠʪʴ ʜʦʚʛʦʾ ʨʦʟʪʦʯʫʚʘʣʴʥʽʡ ʦʧʨʘʚʮʽ. ɼʦʚʛʽ ʦʧʨʘʚʢʠ ʜʝʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʩʠʣ ʨʽʟʘʥʥʷ, ʘ 

ʥʘʜʤʽʨʥʝ ʾʾ ʚʽʜʭʠʣʝʥʥʷ ʧʦʨʫʰʫʻ ʜʦʧʫʩʢ ʥʘ ʨʦʟʤʽʨ ʦʪʚʦʨʫ. ʊʦʤʫ, ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʨʠʩʪʘʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ 

ʧʨʦʮʝʩʩʫ ʨʦʟʪʦʯʫʚʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʦʧʪʽʤʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʪʫʞʥʦʩʪʽ, ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ, 

ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʙʦʢʫ ʧʨʠʚʦʜʫ.  

ʇʨʦʮʝʩ ʨʦʟʪʦʯʫʚʘʥʥʷ ʤʦʜʝʣʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʷʢ ʤʝʭʘʥʽʩʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʪʘʢ ʽ ʢʦʩʦʢʫʪʥʦʾ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʽʟʘʥʥʷ [13ï16]. 
ɿʫʩʠʣʣʷ ʨʽʟʘʥʥʷ ʟʘʟʚʠʯʘʡ ʦʙʯʠʩʣʶʶʪʴʩʷ ʷʢ ʬʫʥʢʮʽʷ ʧʣʦʱʽ ʟʨʽʟʘʥʥʷ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʘʜʽʫʩʫ ʚʝʨʰʠʥʠ ʽ 

ʛʝʦʤʝʪʨʽʾ ʨʽʞʫʯʦʛʦ ʢʣʠʥʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʫʤʦʚ ʨʽʟʘʥʥʷ. ʗʢʱʦ ʧʝʨʝʜʥʷ ʧʦʚʝʨʭʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʛʣʘʜʢʘ ʽ ʦʜʥʦʨʽʜʥʘ, 

ʪʦ ʨʽʞʫʯʠʡ ʢʨʘʡ ʤʦʜʝʣʶʻʪʴʩʷ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʧʦʭʠʣʠʭ ʨʽʞʫʯʠʭ ʢʨʘʾʚ [14]. ʇʠʪʦʤʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ʥʘ ʢʦʞʥʦʤʫ 

ʝʣʝʤʝʥʪʽ ʨʽʞʫʯʦʛʦ ʢʨʘʶ ʯʘʩʪʦ ʤʦʜʝʣʶʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʽʟʘʥʥʷ ʫ ʢʦʩʦʢʫʪʥʝ [15,16]. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʧʦʪʨʝʙʫʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʛʝʦʤʝʪʨʽʶ ʽʥʩʪʨʫʤʝʥʪʘ, ʥʘʧʨʫʞʝʥʥʽ ʧʣʘʩʪʠʯʥʦʛʦ ʟʩʫʚʫ, ʢʫʪʽ ʟʩʫʚʫ ʽ 

ʧʨʦ ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʜʣʷ ʦʨʪʦʛʦʥʘʣʴʥʦʛʦ ʨʽʟʘʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʆʪʚʦʨʠ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ ʟʘʟʚʠʯʘʡ ʦʙʨʦʙʣʷʶʪʴʩʷ ʨʦʟʪʦʯʫʚʘʣʴʥʠʤʠ ʛʦʣʦʚʢʘʤʠ ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʨʽʞʫʶʯʠʤʠ ʚʩʪʘʚʢʘʤʠ, ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʩʠʤʤʝʪʨʠʯʥʦ, ʱʦʙ ʩʫʤʘʨʥʘ ʢʦʤʧʦʥʝʥʪʘ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʦʨʪʦʛʦʥʘʣʴʥʘ 

ʜʦ ʦʙʨʦʙʣʷʻʤʦʾ ʧʦʚʝʨʭʥʽ, ʥʘʙʣʠʞʘʣʘʩʴ ʜʦ ʥʫʣʷ. 

ʈʽʞʫʯʽ ʚʩʪʘʚʢʠ ʤʦʞʥʘ ʨʦʟʧʦʜʽʣʠʪʠ ʥʘ ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

- ʟ ʦʧʦʨʥʠʤ ʢʨʘʻʤ ʽ ʥʝʟʥʘʯʥʠʤ ʨʘʜʽʫʩʦʤ ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʩʪʨʷ; 

- ʙʝʟ ʦʧʦʨʥʦʛʦ ʢʨʘʶ ʽ ʟʥʘʯʥʠʤ ʨʘʜʽʫʩʦʤ ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʩʪʨʷ 

- ʟ ʦʧʦʨʥʠʤ ʢʨʘʻʤ ʽ ʟʥʘʯʥʠʤ ʨʘʜʽʫʩʦʤ ʟʘʦʢʨʫʛʣʝʥʥʷ ʚʽʩʪʨʷ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ ʚʩʪʘʚʢʘʤʠ ʧʝʨʰʦʛʦ ʪʠʧʫ. ʆʧʝʨʘʮʽʷ 

ʨʦʟʪʦʯʫʚʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʯʽ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʥʘʧʨʷʤʢʫ ʦʩʽ ʚʘʣʘ ʰʧʠʥʜʝʣʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʨʽʞʫʯʠʡ ʢʨʘʡ ʧʣʘʩʪʠʥʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʡ ʜʦ ʥʘʧʨʷʤʫ ʧʦʜʘʯʽ, ʘ ʦʧʦʨʥʠʡ ʢʨʘʡ (ʙʦʢʦʚʠʡ) ʧʘʨʘʣʝʣʴʥʠʡ ʜʦ 

ʥʘʧʨʷʤʫ ʧʦʜʘʯʽ. ʇʨʠ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʨʦʮʝʩʽ ʨʽʟʘʥʥʷ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜʩʫʪʥʻ, ʘ ʤʘʻ ʤʽʩʮʝ ʣʠʰʝ 

ʪʝʨʪʷ ʤʽʞ ʦʧʦʨʥʠʤ ʢʨʘʻʤ ʽ ʦʙʨʦʙʣʷʻʤʦʶ ʧʦʚʝʨʥʝʶ. 
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 ɺ ʣʽʪʝʨʘʪʫʨʽ ʜʦʤʽʥʫʻ ʽʤʧʝʨʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʟʫʩʠʣʴ ʨʽʟʘʥʥʷ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʷʢʠʤ 

ʨʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʨʽʟʘʥʥʷ ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʥʘ: ʪʘʥʛʝʥʮʽʘʣʴʥʫ tF  (ʫ ʥʘʧʨʷʤʫ ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ), ʨʘʜʽʘʣʴʥʫ 

rF  ʪʘ ʦʩʴʦʚʫ fF . ɼʣʷ ʾʭ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʙʘʛʘʪʦ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʇʨʠ ʪʦʯʽʥʥʽ, ʨʦʟʪʦʯʫʚʘʥʥʽ, 

ʧʨʦʨʽʟʘʥʥʽ ʧʘʟʽʚ ʪʘ ʽʥ. ʛʦʣʦʚʥʘ ʪʘʥʛʝʥʮʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ tF  ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ [17]: 

 

ʥKVStCF p
nml

pt ,10=      (1) 

 

ʜʝ pC  - ʢʦʝʬʽʮʽʻʥʪ, ʚʨʘʭʦʚʫʶʯʠʡ ʫʤʦʚʠ ʦʙʨʦʙʢʠ; 

nml ,,  - ʧʦʢʘʟʥʠʢʠ ʩʪʫʧʝʥʶ; 

t  - ʛʣʠʙʠʥʘ (ʰʠʨʠʥʘ) ʟʨʽʟʫ, ʤʤ; 

S  - ʧʦʜʘʯʘ, ʤʤ/ʦʙ; 

V  - ʰʚʠʜʢʽʩʪʴ ʨʽʟʘʥʥʷ, ʤ/ʭʚ.; 

pK  - ʫʟʘʛʘʣʴʥʝʥʠʡ ʧʦʧʨʘʚʦʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʚʨʘʭʦʚʫʶʯʠʡ ʟʤʽʥʫ ʫʤʦʚ ʦʙʨʦʙʢʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʪʘʙʣʠʯʥʠʭ ʟʥʘʯʝʥʴ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʠʣ rF  ʪʘ fF ʽʩʥʫʶʪʴ ʘʥʘʣʦʛʽʯʥʽ ʝʤʧʽʨʠʯʥʽ ʩʪʫʧʝʥʝʚʽ ʬʦʨʤʫʣʠ. ɸʣʝ ʜʣʷ ʩʧʨʦʱʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ, ʚʝʣʠʯʠʥʠ ʨʘʜʽʘʣʴʥʦʾ rF  ʪʘ ʦʩʴʦʚʦʾ fF  ʢʦʤʧʦʥʝʥʪ ʩʠʣʠ ʨʽʟʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ [17]: 

.)25,01,0(,)5,025,0( tftr FFFF -=-=     (2) 

ɺʽʜʦʤʽ ʚʠʧʘʜʢʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʙʣʠʟʥʦʾ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʩʠʣʠ ʨʽʟʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʾʾ ʣʽʥʽʡʥʦʾ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʚʱʠʥʠ ʪʘ ʰʠʨʠʥʠ ʟʨʽʟʫ. ɺʽʜʧʦʚʽʜʥʝ ʣʽʥʽʡʥʝ ʨʽʚʥʷʥʥʷ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʫʚʘʪʠ ʢʦʤʧʦʥʝʥʪʠ 

ʩʠʣʠ ʨʽʟʘʥʥʷ ʫ ʪʘʥʛʝʥʮʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ tF , ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ (ʦʩʴʦʚʦʤʫ) fF  ʪʘ ʨʘʜʽʣʴʥʦʤʫ rF  [14]: 

 

,0 tKtaKF tetct +=  

,0 tKtaKF rercr +=
      (3)

 

,0 tKtaKF fefcf +=  

 

ʜʝ fefcrerctetc KKKKKK ,,,,,  - ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ, ʟʘʣʝʞʥʽ ʚʽʜ ʤʘʪʝʨʽʘʣʫ, 

ʛʝʦʤʝʪʨʽʾ ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ, ʰʚʠʜʢʦʩʪʽ ʨʽʟʘʥʥʷ. ʇʣʦʱʘ ʟʨʽʟʘʥʥʷ 0ta  ʚ ʣʽʥʽʡʥʽʡ ʤʦʜʝʣʽ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ 

ʜʦʙʫʪʦʢ ʰʠʨʠʥʠ ʟʨʽʟʘʥʥʷ (ʜʦʚʞʠʥʠ ʨʽʞʫʯʦʛʦ ʢʨʘʶ) t  ʟ ʪʦʚʱʠʥʦʶ ʟʨʽʟʫ (ʧʦʜʘʯʽ ʥʘ ʦʙʝʨʪ ʽʥʩʪʨʫʤʝʥʪʘ) 0a . 

ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʩʢʣʘʜʦʚʠʭ ft FF ,  ʪʘ rF  ʢʦʤʧʦʥʝʥʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ,,, zpypxp FFF ʱʦ 

ʜʽʶʪʴ ʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʥʘʧʨʷʤʘʭ ʧʦ ʬʽʢʩʦʚʘʥʠʤ ʚ ʧʨʦʩʪʦʨʽ ʦʩʷʤ zyx ,,  (ʜʠʚ. ʨʠʩ. 1), ʤʦʞʫʪʴ ʙʫʪʠ ʟʚôʷʟʘʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

,ff CosFSinFF rtxp -=  

,ff SinFCosFF rtyp +=
 

    (4) 

.fzp FF =  

ʊʘʥʛʝʥʮʽʘʣʴʥʘ ʪʘ ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʷ, 

ʦʩʴʦʚʘ (ʫ ʥʘʧʨʷʤʢʫ ʧʦʜʘʯʽ) ʻ ʥʝʟʤʽʥʥʦʶ. 

ɺ ʨʽʚʥʷʥʥʷʭ (4) wtf=  - ʢʫʪ ʧʦʚʦʨʦʪʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ, w - ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, t - ʯʘʩ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʨʽʞʫʯʠʭ ʚʩʪʘʚʦʢ ʬʦʨʤʫʣʠ (4) ʥʘʙʫʚʘʶʪʴ ʧʦʛʣʷʜʫ: 
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M
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iriitixp CosFSinFF
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),( ff  
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1
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M
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iriitiyp SinFCosFF ff              (5) 

.

1

ä
=

=
M

i

fizp FF  

 

ʜʝ ʄ ï ʢʽʣʴʢʽʩʪʴ ʨʽʞʫʯʠʭ ʚʩʪʘʚʦʢ, if - ʢʫʪʦʚʝ ʧʦʣʦʞʝʥʥʷ i  - ʦʾ ʨʽʞʫʯʦʾ ʚʩʪʘʚʢʠ. ʇʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʧʦʣʦʞʝʥʥʷ ʧʝʨʰʦʾ ʚʩʪʘʚʢʠ, ʧʦʟʠʮʽʷ i  - ʦʾ ʚʩʪʘʚʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
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.)1(2
M

ii
p

ff -+=  

 

ɿʥʘʯʝʥʥʷ ʢʦʤʧʦʥʝʥʪ ʤʦʤʝʥʪʘ ʩʠʣ ʨʽʟʘʥʥʷ zpypxp MMM ,,  ʚʠʨʘʭʦʚʫʶʪʴʩʷ ʧʦ ʟʘʣʝʞʥʦʩʪʷʤ: 
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ʜʝ cD  ïʜʽʘʤʝʪʨ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʧʦʧʘʨʥʦ ʩʠʤʝʪʨʠʯʥʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚʩʪʘʚʦʢ, ʢʦʤʧʦʥʝʥʪʠ ypxpypxp MMFF ,,,  ʜʦʨʽʚʥʶʶʪʴ 

ʥʫʣʶ, ʘ ʟ ʙʦʢʫ ʽʥʩʪʨʫʤʝʥʪʘ ʥʘ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʜ ʜʽʶʪʴ ʩʫʤʘʨʥʘ ʦʩʴʦʚʘ ʩʠʣʘ zpF  ʪʘ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ zpM . 

ʄʝʪʦʜ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʘʣʘ ʥʘ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ. ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʦʜʝʣʴ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ, ʚ ʷʢʽʡ ʧʦʨʷʜ ʟ ʜʝʬʦʨʤʘʮʽʷʤʠ ʟʛʠʥʘʥʥʷ ʚʨʘʭʦʚʫʶʪʴʩʷ ʽ 

ʜʝʬʦʨʤʘʮʽʾ ʟʩʫʚʫ. ʊʘʢʘ ʤʦʜʝʣʴ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʙʘʛʘʪʦ ʦʧʦʨʥʠʭ ʚʘʣʽʚ, ʜʝ ʟʛʠʥʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ ʤʽʞ ʦʧʦʨʥʠʭ 

ʜʽʣʷʥʦʢ ʩʧʽʚ ʩʪʘʚʥʘ ʟ ʞʦʨʩʪʢʽʩʪʶ ʮʠʭ ʜʽʣʷʥʦʢ ʥʘ ʟʩʫʚ. ʈʽʰʝʥʥʷ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʟʽʛʥʫʪʦʾ ʦʩʽ ʜʣʷ 

ʤʦʜʝʣʽ ʙʘʣʢʠ ʊʠʤʦʰʝʥʢʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʯʘʪʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʧʽʜʭʦʜʦʤ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʤ ʚ ʨʦʙʦʪʘʭ [18,19]. 

ʉʧʽʣʴʥʝ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ ʟʽʛʥʫʪʦʾ ʦʩʽ ʨʘʟʦʤ ʟ ʛʨʘʥʠʯʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘ ʦʧʦʨʘʭ ʜʦʟʚʦʣʷʻ ʩʬʦʨʤʫʚʘʪʠ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ ʟ ʷʢʦʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʨʦʛʠʥ ʪʘ ʢʫʪ ʧʦʚʦʨʦʪʫ ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʥʘ ʧʦʯʘʪʢʫ ʢʦʦʨʜʠʥʘʪ (ʧʦʯʘʪʢʦʚʽ 

ʧʘʨʘʤʝʪʨʠ 0y  ʪʘ 0Q ) ʽ ʨʝʘʢʪʠʚʥʽ ʟʫʩʠʣʣʷ NnRn ...2,1, = . ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʤʘʪʨʠʯʥʽʡ 

ʬʦʨʤʽ:  

 

BAX=       (7) 

 

ʜʝ A - ʤʘʪʨʠʮʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʨʠ ʥʝʚʽʜʦʤʠʭ ʨʦʟʤʽʨʦʤ )2()2( +³+ NN ; 

B  - ʚʝʢʪʦʨ - ʩʪʦʚʙʝʮʴ ʧʨʘʚʠʭ ʯʘʩʪʠʥ ʨʦʟʤʽʨʦʤ )2( +N : 

[ ]NRRRyX ,....,,, 2100 Q=  - ʚʝʢʪʦʨ ï ʩʪʦʚʙʝʮʴ ʥʝʚʽʜʦʤʠʭ (ʨʽʰʝʥʥʷ). 

ɺʠʨʘʟʠ ʜʣʷ ʤʘʪʨʠʮʴ A ʪʘ B  ʧʨʠʚʝʜʝʥʽ ʫ ʨʦʙʦʪʽ [18]. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʽʜʨʘʭʫʚʘʪʠ ʩʫʤʘʨʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʙʫʜʴ ʷʢʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʘʣʘ ʚʥʘʩʣʽʜʦʢ ʡʦʛʦ ʟʛʠʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʦʧʝʨʝʯʥʦʾ ʧʦʜʘʪʣʠʚʦʩʪʽ ʡʦʛʦ ʧʨʫʞʥʠʭ ʦʧʦʨ ï ʧʽʜʰʠʧʥʠʢʽʚ 

[18,19]. 

ɸʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʠ ʧʦ ʨʦʟʨʘʭʫʥʢʘʤ ʧʨʫʞʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʰʠʧʥʠʢʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʚʽʪʴ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʟʦʨʽʚ ʽ ʧʦʩʘʜʦʢ ʥʘ ʚʘʣ, ʞʦʨʩʪʢʽʩʪʴ ʧʽʜʰʠʧʥʠʢʽʚ ʻ ʩʫʪʪʻʚʦ ʥʝʣʽʥʽʡʥʦʶ. ʊʘʢ ʫ 

ʨʦʙʦʪʽ [18] ʦʪʨʠʤʘʥʦ ʚʠʨʘʟ ʜʣʷ ʨʘʜʽʘʣʴʥʦʾ ʩʝʢʫʯʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʘʨʠʢʦʧʽʜʰʠʧʥʠʢʘ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʘʟʦʨʫ:  

 
333,0666,0 )()(787)( nnn dRnrRC =     (8) 

 

ʜʝ n  - ʢʽʣʴʢʽʩʪʴ ʨʷʜʽʚ ʰʘʨʠʢʽʚ ʫ ʧʽʜʰʠʧʥʠʢʫ; r  - ʢʽʣʴʢʽʩʪʴ ʰʘʨʠʢʽʚ ʫ ʦʜʥʦʤʫ ʨʷʜʽ; d  - ʜʽʘʤʝʪʨ 
ʰʘʨʠʢʘ. 

)( nn RC  [ʥ/ʤʤ] - ʞʦʨʩʪʢʽʩʪʴ n  ï ʦʾ ʦʧʦʨʠ, ʷʢʘ ʥʝʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʾʾ ʨʝʘʢʮʽʾ ,nR  ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʠʨʽʰʘʣʴʥʘ ʩʠʩʪʝʤʘ (7) ʩʪʘʻ ʥʝʣʽʥʽʡʥʦʶ. 

ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʟʘʟʦʨʫ ʚ ʟʘʣʝʞʥʦʩʪʽ (8) ʟʘʤʽʩʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʥʦʞʥʠʢʘ 787 ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 751. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʥʝʣʽʥʽʡʥʦʩʪʽ ʧʨʠ ʨʽʰʝʥʥʽ ʩʠʩʪʝʤʠ (7) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʡ, 

ʷʢʠʡ ʨʝʘʣʽʟʦʚʘʥ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

1. ʟʘʜʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʥʘʙʽʨ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨ NnCn ...3,2,1,0 = ; 

2. ʚʠʨʽʰʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʣʽʥʽʡʥʠʭ ʨʽʚʥʷʥʴ (7) ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʡ ʥʘʙʽʨ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ 

NnRn ...3,2,1,1 = ; 

3. ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ ʟʘʣʝʞʥʦʩʪʷʤ ʜʣʷ )( nn RC  ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʥʦʚʠʡ ʥʘʙʽʨ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨ 

NnRC nn ...3,2,1),(1 = ; 
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4. ʽʟ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ (7) ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʚʠʡ ʥʘʙʽʨ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ NnRn ...3,2,1,2 = ; 

5. ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʢʨʠʪʝʨʽʡ ʜʦʩʷʛʥʝʥʥʷ ʪʦʯʥʦʩʪʽ (ʟ ʚʝʣʠʯʠʥ ʞʦʨʩʪʢʦʩʪʝʡ ʯʠ ʨʝʘʢʪʠʚʥʠʭ ʟʫʩʠʣʴ) ʽ ʷʢʱʦ 
ʚʦʥʘ ʥʝ ʜʦʩʷʛʥʫʪʘ, ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʽʪʝʨʘʮʽʡ ʟ ʧʫʥʢʪʘ 3. 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʣʷ ʢʦʥʢʨʝʪʥʦʾ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʽʶʯʠʭ 

ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ. ʋ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʽʚ ʧʝʨʝʜʘʶʪʴʩʷ ʤʘʩʠʚʠ ʜʦʚʞʠʥ ʜʽʣʷʥʦʢ ʚʘʣʘ ʽ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨ, ʤʦʜʫʣʴ 

ʧʨʫʞʥʦʩʪʽ, ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ʧʝʨʝʨʽʟʫ ʚʘʣʘ, ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ ʪʘ ʪʦʯʢʠ ʾʭ ʧʨʠʢʣʘʜʘʥʥʷ. ʋ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʴ ʫ ʧʘʢʝʪʽ MatLAB ʥʘ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ 

[18]. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ. ɻʦʣʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ, ʚʠʟʥʘʯʘʶʯʠʤ ʨʦʟʤʽʨʠ ʰʧʠʥʜʝʣʴʥʠʭ ʚʘʣʽʚ ʻ ʚʝʣʠʯʠʥʘ 

ʜʦʧʫʩʪʠʤʠʭ ʧʝʨʝʤʽʱʝʥʴ. ʊʦʤʫ ʦʩʥʦʚʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʻ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʞʦʨʩʪʢʽʩʪʴ. 

ɾʦʨʩʪʢʽʩʪʴ ʰʧʠʥʜʝʣʷ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʧʨʦʪʠʩʪʦʷʪʠ ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʨʽʟʘʥʥʷ. ɺʦʥʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʧʝʨʝʤʽʱʝʥʥʶ ʧʝʨʝʜʥʴʦʛʦ ʢʽʥʮʷ ʚʘʣʫ ʰʧʠʥʜʝʣʷ ʧʽʜ ʜʽʻʶ ʦʜʠʥʠʯʥʦʛʦ 

ʟʫʩʠʣʣʷ. ʂʫʪ ʧʦʚʦʨʦʪʫ ʦʩʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʪʝʞ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. ʇʨʦʛʠʥ ʧʝʨʝʜʥʴʦʛʦ 

ʧʝʨʝʨʽʟʫ ʚʘʣʘ ʰʧʠʥʜʝʣʷ ʚʠʟʥʘʯʘʻ ʚʽʜʭʠʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʘ ʢʫʪ ʧʦʚʦʨʦʪʫ ï ʧʦʭʠʙʢʠ 

ʬʦʨʤʠ ʜʝʪʘʣʽ ʽ ʧʝʨʝʢʦʩʠ ʢʽʣʝʮʴ ʧʽʜʰʠʧʥʠʢʽʚ. 

ʋ ʪʠʧʦʚʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʞʦʨʩʪʢʽʩʪʴ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʪʽʣʴʢʠ ʜʝʬʦʨʤʘʮʽʷ ʚʘʣʘ ʰʧʠʥʜʝʣʷ ʪʘ 

ʡʦʛʦ ʦʧʦʨ. ɼʝʬʦʨʤʘʮʽʾ ʜʝʪʘʣʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʨʽʞʫʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʝʣʝʤʝʥʪʽʚ ʟôʻʜʥʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʟʽ 

ʰʧʠʥʜʝʣʝʤ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʟʛʠʥʘʣʴʥʘ, ʦʩʴʦʚʘ, ʘ ʯʘʩʪʦ ʽ ʢʨʫʪʥʘ ʞʦʨʩʪʢʽʩʪʴ. 

ɾʦʨʩʪʢʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʧʝʨʝʤʽʱʝʥʥʶ ʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʨʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: 

 
,D=FC  

ʜʝ F  - ʟʫʩʠʣʣʷ, ʧʨʠʢʣʘʜʝʥʝ ʚ ʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʨʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ; 

D - ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʫʩʠʣʣʷ. 

ɺʝʣʠʯʠʥʘ, ʟʚʦʨʦʪʥʘ ʜʦ ʞʦʨʩʪʢʦʩʪʽ, ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʜʘʪʣʠʚʽʩʪʶ. 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʨʘʜʽʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ, ʨʘʜʽʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʩʠʣʠ ʨʽʟʘʥʥʷ rF , ʷʢʘ ʜʽʻ ʥʘ ʧʝʨʝʜʥʽʡ ʢʽʥʝʮʴ 

ʚʘʣʫ ʰʧʠʥʜʝʣʷ, ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʦ ʜʚʦʤ ʛʦʣʦʚʥʠʤ ʧʣʦʱʠʥʘʤ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴ ʚʽʩʴ ʚʘʣʘ. ʇʽʜʨʘʭʦʚʫʶʪʴʩʷ 

ʚʝʣʠʯʠʥʠ ʚʽʜʧʦʚʽʜʥʠʭ ʨʘʜʽʘʣʴʥʠʭ (ʟʛʠʥʘʣʴʥʠʭ) ʧʝʨʝʤʽʱʝʥʴ 1Dʪʘ 2D  ʡʦʛʦ ʢʽʥʮʷ ʚ ʮʠʭ ʧʣʦʱʠʥʘʭ, ʩʫʤʘʨʥʝ 

ʧʝʨʝʤʽʱʝʥʥʷ 

 

 
)(

2
2

2
1 D+D=D

 
    

 (9) 

 

ʽ ʥʘʚʝʜʝʥʘ ʨʘʜʽʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ 

 

 ,D= rr FC                  

(10) 

 

ʉʫʯʘʩʥʽ ʧʽʜʭʦʜʠ, ʱʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ, ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʧʝʨʧʦʟʠʮʽʾ 

ʨʷʜʫ ʩʢʣʘʜʦʚʠʭ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʨʽʟʫ. ʊʦʤʫ, ʧʝʨʝʤʽʱʝʥʥʷ ʫ ʙʫʜʴ ʷʢʽʡ ʛʦʣʦʚʥʽʡ ʧʣʦʱʠʥʽ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 

,4321 D+D+D+D=D      (11) 

 

ʜʝ 1D  - ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʟʛʠʥʘʥʥʷʤ ʚʘʣʫ ʰʧʠʥʜʝʣʷ; 

2D  - ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʧʦʜʘʪʣʠʚʽʩʪʶ ʧʨʫʞʥʠʭ ʦʧʦʨ ï ʧʽʜʰʠʧʥʠʢʽʚ; 

3D  - ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʨʝʘʢʪʠʚʥʠʤʠ (ʟʘʱʝʤʣʷʶʯʠʤʠ) ʤʦʤʝʥʪʘʤʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʨʫʞʥʠʭ 

 ʦʧʦʨʥʦ-ʫʧʦʨʥʠʭ ʧʽʜʰʠʧʥʠʢʘʭ; 

.4D  - ʧʝʨʝʤʽʱʝʥʥʷ, ʚʠʢʣʠʢʘʥʝ ʧʦʜʘʪʣʠʚʽʩʪʶ ʢʦʥʪʘʢʪʫ ʤʽʞ ʢʽʣʴʮʷʤʠ ʧʽʜʰʠʧʥʠʢʘ ʽ ʧʦʚʝʨʭʥʝʶ ʚʘʣʘ. 

ʇʝʨʝʤʽʱʝʥʥʷ (11) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʽʜʧʦʚʽʜʥʦʾ ʞʦʨʩʪʢʦʩʪʽ (10). 

 ʇʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʧʨʫʞʥʽ ʢʦʤʧʦʥʝʥʪʠ ʧʝʨʝʤʽʱʝʥʴ ʚʘʣʘ ʚ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ ʧʝʨʝʨʽʟʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʧʨʠ 

ʩʫʤʽʩʥʽʡ ʜʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʢʦʤʧʦʥʝʥʪʠ ʩʠʣʠ ʨʽʟʘʥʥʷ ʽ ʟʛʠʥʘʶʯʠʭ ʟʫʩʠʣʴ, ʜʽʶʯʠʭ ʥʘ ʚʘʣ ʟ ʙʦʢʫ ʧʨʠʚʦʜʘ, ʫ 

ʥʘʡʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ ʚʝʨʩʪʘʪʫ. 

ʆʮʽʥʢʘ ʞʦʨʩʪʢʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʨʦʚʦʜʠʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʦʙʨʦʙʢʠ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʙʩʦʣʶʪʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʛʠʥʫ, ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʽ ʧʦʟʜʦʚʞʥʴʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʘʣʫ ʰʧʠʥʜʝʣʷ. ɺʦʥʠ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʜʦʧʫʩʢʘʤʠ ʥʘ ʣʽʤʽʪʫʶʯʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʤʝʪʨʽʾ ʜʝʪʘʣʽ. 

ʈʦʟʨʘʭʦʚʫʶʪʴʩʷ ʪʘʢʦʞ ʢʫʪʠ ʧʦʚʦʨʦʪʫ ʦʧʦʨʥʠʭ ʧʝʨʝʨʽʟʽʚ ʚʘʣʫ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʢʫʪʽʚ ʧʝʨʝʢʦʩʫ ʢʽʣʝʮʴ 

ʧʽʜʰʠʧʥʠʢʽʚ, ʚʝʣʠʯʠʥʘ ʷʢʠʭ ʦʙʤʝʞʫʻʪʴʩʷ ʤʽʮʥʽʩʪʶ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʶ ʧʽʜʰʠʧʥʠʢʦʚʦʛʦ ʚʫʟʣʘ. 

ʋ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʩʪʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʍʊ7809-0524, 
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ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ ʨʦʟʪʦʯʫʚʘʥʥʷ ʦʪʚʦʨʽʚ ʚʝʣʠʢʦʛʦ ʜʽʘʤʝʪʨʫ. ʄʦʙʠʣʴʥʘ ʤʘʰʠʥʘ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ 

ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʊʈ79-746 (ʨʠʩ.2). ʈʦʟʪʦʯʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʜʣʷ ʩʫʤʽʩʥʦʾ ʦʙʨʦʙʢʠ ʦʩʴʦʚʠʭ ʦʪʚʦʨʽʚ 

ʜʽʘʤʝʪʨʦʤ ʚʽʜ 128 ʜʦ 144ʤʤ ʧʦ ʢʣʘʩʩʫ ʪʦʯʥʦʩʪʽ ʅ7 ʫ ʬʣʘʥʮʝʚʠʭ ʟô̒ ʜʥʘʥʥʷʭ ʚʘʣʽʚ ʛʝʥʝʨʘʪʦʨʽʚ ʽ ʪʫʨʙʽʥ. 

ɹʘʟʦʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʽʜʩʪʘʚʢʠ ʜʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʜʝʪʘʣʽ, ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ 

ʨʦʟʪʦʯʫʚʘʣʴʥʦʶ ʤʘʰʠʥʦʶ, ʩʘʤʦʾ ʤʘʰʠʥʠ ʍʊ7809-0524, ʧʥʝʚʤʘʪʠʯʥʦʾ ʤʘʰʠʥʠ ʍʊ7809-0524, ʷʢʘ ʻ 

ʧʨʠʚʦʜʦʤ ʜʦ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ, ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʦʮʝʩʩʫ ʦʙʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʠʡ ʽʥʩʪʨʫʤʝʥʪ (ʨʦʟʪʦʯʫʚʘʣʴʥʘ ʛʦʣʦʚʢʘ, ʟʝʥʢʝʨ, ʨʦʟʛʦʨʪʢʘ) 

ʬʽʢʩʫʻʪʴʩʷ ʫ ʧʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ. ʈʦʙʦʯʝ ʦʙʝʨʪʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʥʝʚʤʘʪʠʯʥʦʶ ʤʘʰʠʥʦʶ, ʦʩʴʦʚʝ ï ʫ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ ʟ ʬʽʢʩʦʚʘʥʦʶ ʰʚʠʜʢʽʩʪʶ ʧʦʜʘʯʽ. 

ʈʦʟʪʦʯʫʚʣʴʥʘ ʤʘʰʠʥʘ ʍʊ7809-0524 ʤʘʻ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ 

ʚʘʣʫ ʰʧʠʥʜʝʣʷ ï 5,3 ʦʙ/ʭʚ, ʰʚʠʜʢʽʩʪʴ ʦʩʴʦʚʦʛʦ ʧʝʨʝʤʽʱʝʥʷ ʰʧʠʥʜʝʣʷ ʨʦʙʦʯʘ ï 0,48 ʤʤ/ʦʙ, ʧʨʠʰʚʠʜʯʝʥʘ ï 8 

ʤʤ/ʦʙ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ï 2060 ʥʤ. 

ʈʦʟʪʦʯʫʚʘʣʴʥʘ ʤʘʰʠʥʘ ʍʊ7809-0524 ʻ ʰʧʠʥʜʝʣʴʥʠʤ ʚʫʟʣʦʤ, ʷʢʠʡ ʧʨʠʚʦʜʠʪʴʩʷ ʜʦ ʨʦʙʦʪʠ 

ʧʥʝʚʤʘʪʠʯʥʦʶ ʤʘʰʠʥʦʶ ʍʊ7809-0527 ʯʝʨʝʟ ʯʝʨʚô̫ ʯʥʫ ʧʘʨʫ (ʈʠʩ. 2). 

ʐʧʠʥʜʝʣʴʥʠʡ ʚʫʟʦʣ ʢʨʽʧʠʪʴʩʷ ʥʘ ʧʽʜʩʪʘʚʮʽ, ʘ ʦʩʪʘʥʥʷ ï ʥʘ ʦʙʨʦʙʣʷʻʤʦʡ ʜʝʪʘʣʽ (ʈʠʩ. 2). 

ʂʦʥʩʪʨʫʢʮʽʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 3. 

ʈʦʙʦʯʠʡ ʽʥʩʪʨʫʤʝʥʪ ʨʦʟʤʽʱʝʥʠʡ ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʽʥʮʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ. ʐʧʠʥʜʝʣʴʥʠʡ ʚʘʣ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʜʚʦʤʘ ʨʘʜʽʘʣʴʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʤʘʨʢʠ 60210 ɻʆʉʊ 7242-81 ʽ ʯʝʨʝʟ ʯʝʨʚô̫ ʯʥʫʶ ʰʝʩʪʝʨʥʶ - 

ʪʨʴʦʤʘ ʦʧʦʨʥʠʤʠ ʧʽʜʰʠʧʥʠʢʘʤʠ ʤʘʨʢʠ 7000114 ɼʉʊʋ ɻʆʉʊ 8338:2008. ʆʙʝʨʪʘʥʥʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʯʝʨʚô̫ ʯʥʦʶ ʧʘʨʦʶ, ʘ ʦʩʴʦʚʘ ʧʦʜʘʯʘ ï ʧʦʚʦʨʦʪʦʤ ʰʝʩʪʝʨʥʽ-ʛʘʡʢʠ ʟ ʧʦʩʪʽʡʥʦʶ ʬʽʢʩʦʚʘʥʦʶ 

ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ. 

ɼʣʷ ʩʪʘʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʰʧʠʥʜʝʣʴʥʠʡ ʚʘʣ ʤʦʜʝʣʶʻʪʴʩʷ ʙʘʣʢʦʶ (ʤʦʜʝʣʽ ʊʠʤʦʰʝʥʢʦ), ʷʢʘ ʩʧʠʨʘʻʪʴʩʷ ʥʘ 

ʧôʷʪʴ ʥʝʣʽʥʽʡʥʦ ʧʨʫʞʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʦʧʦʨ ï ʧʽʜʰʠʧʥʠʢʽʚ (ʈʠʩ. 1). ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʠʣʽʪʫ ʚʘʣʘ (ʜʦʚʞʠʥʽ ʢʦʥʩʦʣʽ 1L ). ʇʝʨʝʨʽʟ ʙʘʣʢʠ ʜʦʨʽʚʥʶʻ ʧʝʨʝʨʽʟʫ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʘ 

( ʤʤD 50= ), ʧʦʩʠʣʶʶʯʘ ʞʦʨʩʪʢʽʩʪʴ ʯʝʨʚô̫ ʯʥʦʾ ʰʝʩʪʝʨʥʽ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ. 

ɺʘʨʽʘʥʪʠ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ ʧʨʠʚʝʜʝʥʽ ʥʘ ʨʠʩ.1: 

ʘ) ʜʣʷ ʦʮʽʥʢʠ ʟʛʠʥʘʣʴʥʦʾ ʞʦʨʩʪʢʦʩʪʽ; 

b) ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʛʠʥʽʚ ʪʘ ʢʫʪʽʚ ʧʦʚʦʨʦʪʫ ʫ ʨʦʙʦʯʦʤʫ ʨʝʞʠʤʽ; 

c) ʜʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ. 

 

 
 

ʈʠʩ.2 ï ɿʘʛʘʣʴʥʠʡ ʚʠʜ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʊʈ79-746 
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ʈʠʩ.3 ï ʂʦʥʩʪʨʫʢʮʽʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʫʟʣʘ ʨʦʟʪʦʯʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ 

 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʞʦʨʩʪʢʦʩʪʽ ʚʘʣ ʫ ʟʦʥʽ ʨʽʟʘʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʚʩʷ ʦʜʠʥʠʯʥʦʶ ʨʘʜʽʘʣʴʥʦʶ ʩʠʣʦʶ. ʆʩʢʽʣʴʢʠ 

ʫ ʜʘʥʦʤʫ ʫʩʪʘʪʢʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʠ ʟ ʩʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʨʽʞʫʯʠʤʠ ʚʩʪʘʚʢʘʤʠ, 

ʩʫʤʘʨʥʽ ʩʢʣʘʜʦʚʽ ʩʠʣʠ ʨʽʟʘʥʥʷ yrxryrxr MMFF ,,,  ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ ʽ ʚʘʜ ʟʛʠʥʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʟʫʩʠʣʴ 

xpryprxpr MFF ,, ʟ ʙʦʢʫ ʧʨʠʚʦʜʥʦʾ ʯʝʨʚôʷʯʥʦʾ ʰʝʩʪʝʨʥʽ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʤʽʮʥʦʩʪʽ ʰʧʠʥʜʝʣʴʥʦʛʦ ʚʘʣʫ 

ʦʢʤʨʽʤʤ ʟʛʠʥʘʥʥʷ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʢʨʫʯʝʥʥʷ ʤʦʤʝʥʪʘʤʠ zprzr MM ,  ʽ ʩʪʠʩʢʘʥʥʷ ʩʠʣʘʤʠ zprzr FF ,  (ʜʠʚ. ʨʠʩ. 

1). 

ɺʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʟʥʘʯʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʟʫʩʠʣʴ zpryprxprzpryprxpr MMMFFF ,,,,, , 

ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ E, ʤʦʜʫʣʴ ʟʩʫʚʫ G, ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʧʝʨʝʨʽʟʫ tK , ʦʩʴʦʚʽ ʤʦʤʝʥʪʠ ʽʥʝʨʮʽʾ yx II , , 

ʧʦʣʷʨʥʠʡ ʪʘ ʦʩʴʦʚʠʡ ʤʦʤʝʥʪʠ ʦʧʦʨʫ xr WW 2= , ʧʣʦʱʘ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʘʣʘ A, ʤʘʩʠʚʠ ʜʦʚʞʠʥ ʜʽʣʷʥʦʢ 

nL  ʽ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ ʞʦʨʩʪʢʦʩʪʝʡ ʦʧʦʨ 5,4,3,2,1, =nCn , ʥʦʤʝʨ 21=-k  ʦʧʦʨʠ ʽ ʢʦʦʨʜʠʥʘʪʘ 311 LLk =  

ʪʦʯʢʠ ʧʨʠʢʣʘʜʘʥʥʷ ʟʫʩʠʣʴ, ʜʽʶʯʠʭ ʟ ʙʦʢʫ ʧʨʠʚʦʜʘ. 

ɿʫʩʠʣʣʷ zprzpryprxpr MFFF ,,, , ʜʽʶʯʠ ʟ ʙʦʢʫ ʯʝʨʚôʷʯʥʦʛʦ ʧʨʠʚʦʜʫ ʧʽʜʨʘʭʦʚʫʚʘʣʠʩʴ ʧʦ ʚʽʜʧʦʚʽʜʥʠʤ 

ʟʘʣʝʞʥʦʩʪʷʤ ʟ [21]. ʉʪʘʨʪʦʚʽ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʠʭ ʦʧʦʨ ï ʧʽʜʰʠʧʥʠʢʽʚ ʚʠʙʠʨʘʣʠʩʴ ʧʦ ʛʨʘʬʽʯʥʠʤ ʜʘʥʠʤ ʟ 

ʨʦʙʦʪʠ [22]. 

ɿʦʚʥʽʰʥʽ ʟʫʩʠʣʣʷ, ʬʽʟʠʯʥʽ ʪʘ ʛʝʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ ʧʦʜʘʥʽ ʚ ʊʘʙʣ. 1 ʽ 2. 

 

 




