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Abstract 

Modern domain decomposition methods in high performance aerodynamics simulations are 

investigated. Effective decomposition algorithms for adaptive unstructured grids based on ge-

ometric and graph representations are implemented. Geometric techniques (such as recursive 

coordinate bisection, recursive inertial bisection and space-filling curve methods), combinato-

rial approaches (which include levelized nested dissection, Kernighan-Lin and Fiduccia-

Mattheyses algorithm), spectral methods, multilevel schemes are considered. A set of quality 

criteria for optimal mesh decomposition like load balancing, number of edges cut, the provi-

sion of connectivity of the subdomains, run time, the degree of parallelizability are discussed. 

Some test cases are considered to examine of the quantitative and qualitative characteristics of 

the traditional domain decomposition techniques and combined schemes.  
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Example of the unstructured mesh partitioning with recursive inertial bisection (left) and 

by using the multilevel algorithm (right) 
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ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʘʜʘʧʪʠʚʥʳʭ ʩʝʪʦʢ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ. ʀʟʫʯʝʥʳ ʠ 

ʨʝʘʣʠʟʦʚʘʥʳ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ, ʩʪʨʦʷ-

ʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʛʨʘʬʦʚʳʭ ʤʦʜʝʣʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʥʮʠʧʳ ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʣʠ ʤʦʤʝʥʪʥʦʡ 

ʨʝʢʫʨʩʠʚʥʦʡ ʙʠʩʝʢʮʠʠ, ʣʠʙʦ ʧʨʠʤʝʥʷʶʪ ʟʘʧʦʣʥʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʝ; ʢʦʤʙʠʥʘ-

ʪʦʨʥʳʝ ʧʦʜʭʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ, ʘʣʛʦʨʠʪʤ ʂʝʨʥʠʛʘʥʘ-

ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ; ʢʣʘʩʩ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ; ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ (ʠʝʨʘʨʭʠ-

ʯʝʩʢʠʝ) ʪʝʭʥʦʣʦʛʠʠ. ʆʙʩʫʞʜʘʝʪʩʷ ʨʷʜ ʢʨʠʪʝʨʠʝʚ ʨʘʟʙʠʝʥʠʷ: ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ, ʢʦʣʠ-

ʯʝʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʩʚʷʟʥʦʩʪʠ ʢʘʞʜʦʡ ʠʟ 

ʧʦʜʦʙʣʘʩʪʝʡ, ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ. ʇʨʦʚʝ-

ʜʝʥʘ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʘʩʩʠʯʝ-

ʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʨʷʜʝ ʪʝʩʪʦʚʳʭ 

ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʘʵʨʦʜʠʥʘʤʠʢʘ, ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʩʝʪʢʠ, ʜʝʢʦʤʧʦʟʠʮʠʷ ʛʨʘʬʦʚ, ʜʝʢʦʤʧʦʟʠʮʠʷ ʜʘʥʥʳʭ  

1. ɺʚʝʜʝʥʠʝ  

ʆʨʛʘʥʠʟʘʮʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʛʘʟʦʚʦʡ ʜʠʥʘ-

ʤʠʢʠ ʠ ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʙʘʣʘʥʩʠʨʦʚʢʘ ʨʘʙʦʪʳ ʧʨʦʮʝʩʩʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʨʘʚʥʦʤʝʨʥʫʶ ʟʘʛʨʫʟʢʫ ʠ ʤʠʥʠʤʠʟʘ-

ʮʠʷ ʤʝʞʧʨʦʮʝʩʩʦʨʥʳʭ ʦʙʤʝʥʦʚ. ʇʦʩʣʝʜʥʷʷ ʧʨʦʙʣʝʤʘ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʤʘʩʩʠʚʥʦ-

ʧʘʨʘʣʣʝʣʴʥʳʭ (Massively Parallel Processing) MPP-ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ ʩʢʦʨʦʩʪʴ ʤʝʞʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʨʘʤʠ, ʚ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ MPP-ʘʨʭʠʪʝʢʪʫʨʘ ʧʦʣʫʯʠʣʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʙʣʘʛʦʜʘʨʷ ʩʚʦʡʩʪʚʝʥʥʳʤ ʝʡ ʧʨʝʠʤʫʱʝʩʪʚʘʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ SMP-

ʢʦʤʧʴʶʪʝʨʘʤʠ ʩ ʦʙʱʝʡ ʧʘʤʷʪʴʶ, ʠʤʝʶʱʠʤʠ ʞʝʩʪʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʯʠʩʣʫ ʧʨʦʮʝʩʩʦʨʦʚ, 

ʩʦʚʨʝʤʝʥʥʳʝ MPP-ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʦʙʲʝʜʠʥʷʪʴ ʜʝʩʷʪʢʠ ʪʳʩʷʯ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ. ʉʦʟʜʘʥʠʝ 

ʘʣʛʦʨʠʪʤʦʚ, ʤʘʩʰʪʘʙʠʨʫʝʤʳʭ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ, ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʨʝʘʣʠʟʫʶʱʝʡ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʯʝʥʴ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ. ɼʣʷ ʩʠʩʪʝʤ ʩ ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʦʡ ʧʘʤʷʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʥʘʨʘʱʠʚʘʥʠʠ ʯʠʩʣʘ ʧʨʦʮʝʩʩʦʨʦʚ ʥʘʩʪʫʧʘ-

ʝʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ ʩʥʠʞʘʪʴʩʷ, ʠʟ-ʟʘ 
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ʪʦʛʦ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʤʝʥ ʜʘʥʥʳʤʠ ʧʨʝʚʦʩʭʦʜʷʪ ʚʨʝʤʷ ʚʳʯʠʩʣʝʥʠʡ. ʇʨʝʜʝʣʴ-

ʥʦʝ ʯʠʩʣʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʱʥʦʩʪʴʶ ʘʣʛʦʨʠʪʤʘ ʠ ʨʘʟʤʝʨʥʦʩʪʴʶ 

ʟʘʜʘʯʠ (ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʵʬʬʝʢʪʠʚʥʦ ʨʘʩʧʘʨʘʣʣʝʣʠʪʴ). 

ʇʨʠ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʠ ʟʘʜʘʯ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʣʣʝʣʠʟʤʘ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʢʦʤʧʦʟʠ-

ʮʠʶ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʦʜʦʙʣʘʩʪʝʡ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʝʞʜʫ 

ʧʨʦʮʝʩʩʦʨʘʤʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʪʜʝʣʴʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ ʨʘʩʯʝʪ ʜʣʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʝʤʫ ʧʦʜʦʙʣʘʩʪʠ ʠ ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʰʘʛʝ ʦʙʤʝʥʠʚʘʝʪʩʷ ʜʘʥʥʳʤʠ ʩ ʧʨʦ-

ʮʝʩʩʦʨʘʤʠ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʩʦʩʝʜʥʠʝ ʜʦʤʝʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʧʘ-

ʨʘʣʣʝʣʠʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ 

(ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ ʠʣʠ ʫʟʣʦʚ, ʧʨʠʭʦʜʷʱʠʭʩʷ ʥʘ ʢʘʞʜʫʶ ʦʙʣʘʩʪʴ), ʥʦ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʯʠʩ-

ʣʦ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʛʨʘʥʠʮʳ ʢʘʞʜʦʡ ʧʦʜʦʙʣʘʩʪʠ ʠ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʝ 

ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʝʪʢʠ, ʫʩ-

ʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ ʠʩʭʦʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʢʦʜʦʚ ʢ ʘʨʭʠʪʝʢʪʫʨʝ ʚʳʩʦʢʦʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤ. ɿʘʜʘʯʘ ʨʘʟʙʠʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʝʪʦʢ 

ʨʝʰʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ, ʯʝʤ ʥʝʨʝʛʫʣʷʨʥʳʭ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʧʨʝʜʧʦʯ-

ʪʠʪʝʣʴʥʝʝ ʚʚʠʜʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʨʝʘʣʠʩʪʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʥʝ-

ʦʙʭʦʜʠʤʦʩʪʠ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʩʞʘʪʳʝ ʩʨʦʢʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʤʧʦʥʦʚʦʢ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʆʧʪʠʤʘʣʴʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʥʝʨʝʛʫʣʷʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʩʠʩʪʝʤʘʭ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʘʤʷʪʴʶ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʨʘʟʜʝʣʝʥʠʝ ʩʝʪʢʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʦʨʘʤʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʢʘʞʜʦʤʫ ʠʟ ʧʨʦʮʝʩʩʦʨʦʚ ʚʳ-

ʜʝʣʷʣʦʩʴ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ, ʘ ʤʝʞʧʨʦʮʝʩʩʦʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʥʝʦʙʭʦʜʠ-

ʤʳʝ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʙʳʣʠ ʤʠʥʠ-

ʤʘʣʴʥʳʤʠ. ɿʘʜʘʯʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʤʝʨʥʳʝ ʠʣʠ ʪʨʝʭʤʝʨʥʳʝ 

ʩʝʪʢʠ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʢ ʧʨʦʙʣʝʤʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʘ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʡʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʛʨʘʬʘ ʢʘʞʜʦʤʫ ʵʣʝ-

ʤʝʥʪʫ ʩʪʘʚʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʝʨʰʠʥʘ ʛʨʘʬʘ, ʘ ʜʫʛʠ ʛʨʘʬʘ ʦʪʨʘʞʘʶʪ ʩʚʦʡʩʪʚʘ ʙʣʠʟʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʛʨʘʬʦʚ ʜʣʷ ʜʚʫʭ ʤʦʜʝʣʝʡ ʚʳʯʠʩʣʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʳʭ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʚ ʫʟʣʘʭ ʩʝʪ-

ʢʠ (ʨʠʩ. 1, ʙ) ʠ ʮʝʥʪʨʘʭ ʷʯʝʝʢ (ʨʠʩ. 1, ʚ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ (ʨʠʩ. 1, ʙ) ʫʟʣʳ 

ʩʝʪʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʚʝʨʰʠʥʘʤʠ ʛʨʘʬʘ, ʘ ʝʛʦ ʜʫʛʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʝʙʨʘʤʠ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʩʝʪʦʯʥʘʷ ʤʦʜʝʣʴ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʘ-

ʨʘʤʝʪʨʳ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʮʝʥʪʨʘʭ ʷʯʝʝʢ (ʨʠʩ. 1, ʚ), ʚʝʨʰʠʥʘ ʛʨʘʬʘ ʦʪʦʙʨʘʞʘʝʪ ʨʘʩ-

ʯʝʪʥʳʡ ʵʣʝʤʝʥʪ, ʘ ʜʫʛʠ ʩʦʝʜʠʥʷʶʪ ʚʝʨʰʠʥʳ, ʝʩʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʠʤʝʶʪ ʦʙʱʝʝ 

ʨʝʙʨʦ (ʚ 2D ʧʨʦʩʪʨʘʥʩʪʚʝ) ʠʣʠ ʛʨʘʥʴ (ʚ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ). ɼʘʥʥʳʡ ʛʨʘʬ ʷʚʣʷʝʪʩʷ ʜʚʦʡʩʪ-

ʚʝʥʥʳʤ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʝ (ʨʠʩ. 1, ʘ). ɼʚʦʡʩʪʚʝʥʥʳʡ ʛʨʘʬ ʦʪʦʙʨʘ-

ʞʘʝʪ ʩʦʩʝʜʩʪʚʦ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩʳ ʭʨʘʥʝʥʠʷ ʦʙʨʘ-

ʙʘʪʳʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʠʧʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʪʝʦʨʠʠ 

ʛʨʘʬʦʚ. 

ʈʘʟʙʠʝʥʠʝ ʚʝʨʰʠʥ ʛʨʘʬʘ ʥʘ Np ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜʦʙʣʘʩʪʝʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʝʨʰʠʥ ʠʣʠ ʵʣʝʤʝʥʪʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʧʦ Np ʧʨʦʮʝʩʩʦʨʘʤ. ʆʧʪʠʤʘʣʴ-

ʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʛʨʘʬʘ ʩʦʩʪʦʠʪ ʚ ʫʨʘʚʥʠʚʘʥʠʠ ʯʠʩʣʘ ʚʝʨʰʠʥ ʢʘʞʜʦʛʦ ʧʦʜʤʥʦʞʝʩʪʚʘ ʠ ʤʠ-

ʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʨʝʙʝʨ ʩʦʝʜʠʥʷʶʱʠʭ ʚʝʨʰʠʥʳ ʨʘʟʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʨʘʟ-

ʨʝʟʘʥʥʳʭ ʨʝʙʝʨ). ɺʳʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʘʣʘʥʩʠʨʦʚʢʫ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʤʠʥʠʤʠʟʘʮʠʶ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩ. 2, ʩʧʨʘʚʘ ʚ ʚʠʜʝ ʛʨʘʬʘ, ʨʘʟʜʝʣʝʥʥʦʛʦ ʥʘ ʪʨʠ ʯʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʜʝʣʴ ʧʘ-

ʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʜʚʫʤʝʨʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʩʝʪʢʝ ʨʘʟʤʝʨʥʦʩʪʴʶ E = 114 

ʪʨʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 2, ʩʣʝʚʘ). ɻʨʘʬ ʦʪʨʘʞʘʝʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 
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ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ. ʕʣʝʤʝʥʪʳ ʧʦʨʦʚʥʫ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʪʨʝʤʷ ʧʨʦʮʝʩ-

ʩʘʤʠ (ʥʘʟʦʚʝʤ ʠʭ B, G, R) ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: EB = EG = ER = 38. ɺ ʭʦʜʝ ʨʘʩʯʝʪʦʚ ʧʨʦʮʝʩ-

ʩʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʦʤʝʥʫ B ʙʫʜʝʪ ʧʦʩʳʣʘʪʴ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʷʯʝʝʢ 30, 13, 26, 18, 37 ʧʨʦ-

ʮʝʩʩʦʨʫ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʤʫ ʧʦʜʦʙʣʘʩʪʴ R ʠ ʜʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʷʯʝʡʢʘʤ 80, 84, 102 

ʧʨʦʮʝʩʩʦʨʫ G. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ R ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʷʯʝʝʢ 100, 85, 61, 2, 17 ʧʨʦʮʝʩ-

ʩʦʨʫ B ʠ ʜʘʥʥʳʝ ʠʟ 17, 87, 77, 91 ʧʨʦʮʝʩʩʫ G, ʢʦʪʦʨʳʡ ʦʪʩʳʣʘʝʪ ʧʘʨʘʤʝʪʨʳ ʚ ʷʯʝʡʢʘʭ 70, 50, 

10 ʜʣʷ B ʠ ʵʣʝʤʝʥʪʘʭ 36, 67, 112, 110 ʜʣʷ R. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʝ ʯʠʩʣʦ ʦʜʥʦʩʪʦʨʦʥʥʠʭ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝ-

ʥʠʡ ʨʘʚʥʦ 24, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʝʥʘʜʮʘʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ ʩʚʷʟʷʤ (ʨʘʟʨʝʟʘʥʥʳʤ ʨʝʙ-

ʨʘʤ), ʚʳʜʝʣʝʥʥʳʤ ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ (ʨʠʩ. 2, ʩʧʨʘʚʘ). 

 

 

ʈʠʩ.1. ʊʨʝʫʛʦʣʴʥʘʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ (a) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʡ ʛʨʘʬʳ 

(ʙ, ʚ). ɻʨʘʬ, ʦʧʠʩʳʚʘʶʱʠʡ ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ (ʙ).  ɻʨʘʬ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʦʜʝʣʠ, ʢʦʛʜʘ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʮʝʥʪʨʘʭ ʷʯʝʝʢ 

 

 

ʈʠʩ.2. ɻʨʘʬʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ 

ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʜʣʷ ʪʨʝʭ ʧʨʦʮʝʩʩʦʚ B, G, R (ʦʙʣʘʩʪʠ ʟʘʢʨʘʰʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʮʚʝ-

ʪʘʤʠ ï ʩʠʥʠʤ, ʟʝʣʝʥʳʤ ʠ ʢʨʘʩʥʳʤ) 

ʘ ʙ ʚ
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ʇʨʦʙʣʝʤʘ ʜʝʣʝʥʠʷ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʥʘ ʥʝʨʘʚʥʳʝ ʯʘʩʪʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ 

ʛʝʪʝʨʦʛʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʝʥʘ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʛʨʘʬʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. 

ʇʦʣʥʳʡ ʧʝʨʝʙʦʨ ʚʘʨʠʘʥʪʦʚ ʨʘʟʙʠʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ ʩʝʪʦʢ ʥʝʧʨʠʤʝʥʠʤ ʥʘ ʧʨʘʢʪʠʢʝ ʠʟ-

ʟʘ ʥʝʧʨʠʝʤʣʝʤʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝ-

ʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟʣʠʯʥʳʝ ʵʚʨʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ [1], ʢʦʪʦʨʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ [2ï10], ʢʦʤʙʠʥʘʪʦʨʥʳʝ [11ï21], ʘʣʛʦʨʠʪʤʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ [22ï35], 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʤʝʪʦʜʳ [36ï44]. 

2. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʝʢʦʤʧʦʟʠʮʠʠ [2ï10] ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʦʨ-

ʜʠʥʘʪʘʭ ʫʟʣʦʚ ʠʣʠ ʮʝʥʪʨʦʚ ʷʯʝʝʢ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʙʝʟ ʫʯʝʪʘ ʩʚʷʟʥʦʩʪʠ ʤʝʞʜʫ ʝʝ ʩʪʨʫʢʪʫʨ-

ʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʢʣʘʩʩ ʧʦʜʭʦʜʦʚ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʛʨʘʬʦʚʫʶ ʤʦʜʝʣʴ ʚʳ-

ʯʠʩʣʝʥʠʡ ʠ ʧʦʥʷʪʠʷ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʜʣʷ ʩʚʝʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ ʤʝʞʧʨʦʮʝʩʩʦʨʥʳʭ ʦʙʤʝ-

ʥʦʚ ʚ ʭʦʜʝ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʥʘʧʨʷʤʫʶ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʯʠʩʣʦ 

ʨʝʙʝʨ (ʚ 2D ʧʨʦʩʪʨʘʥʩʪʚʝ) ʠʣʠ ʛʨʘʥʝʡ (ʚ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ) ʠʩʭʦʜʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʢʦ-

ʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʛʨʘʥʠʮʘʭ ʩʤʝʞʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʨʘʟʥʳʤ ʧʨʦʮʝʩ-

ʩʦʨʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʝʪʢʠ ʪʨʝʙʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘ-

ʪʨʘʪ, ʜʘʥʥʳʡ ʧʦʜʭʦʜ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʙʠʝʥʠʡ, ʥʝʚʳʩʦʢʦʛʦ ʢʘʯʝ-

ʩʪʚʘ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʝʪ ʤʝʪʦʜʠʢʘʤ ʫʯʠʪʳʚʘʶʱʠʤ ʤʝʞʵʣʝʤʝʥʪʥʳʝ ʩʚʷʟʠ. 

2.1. ʈʝʢʫʨʩʠʚʥʘʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʙʠʩʝʢʮʠʷ 

ʂ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʘʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʙʠʩʝʢʮʠʠ. 

ʇʦʜʭʦʜ ʦʩʥʦʚʘʥ ʥʘ ʨʝʢʫʨʩʠʚʥʦʤ ʨʘʟʙʠʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʧʨʦʪʷʞʝʥʥʦ-

ʩʪʠ ʛʨʘʥʠʮ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ ʠʩʭʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʘ 

ʟʘʪʝʤ ʝʝ ʧʦʪʦʤʢʦʚ [2]. ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʦʡ ʩʪʦʨʦʥʝ ʜʦʤʝʥʘ, ʧʦ 

ʣʠʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. ʈʘʙʦʪʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʣʣʶʩʪʨʠʨʦ-

ʚʘʥʘ ʥʘ ʨʠʩ. 3. 

  

 

 

ʈʠʩ.3. ʕʪʘʧʳ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʜʚʫʤʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ 

ʦʨʙʠʪʘʣʴʥʦʛʦ ʢʦʨʘʙʣʷ Space Shuttle ʥʘ ʚʦʩʝʤʴ ʧʦʜʦʙʣʘʩʪʝʡ 
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ɸʣʛʦʨʠʪʤ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 

1) ɺʳʯʠʩʣʷʶʪʩʷ ʮʝʥʪʨʳ ʤʘʩʩ ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ 

ʦʩʴ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʟʤʝʨʥʦʩʪʴ ʩʝʪʢʠ ʤʘʢʩʠʤʘʣʴʥʘ (ʧʦʩʣʝʜʥʝʝ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʥʠ-

ʤʠʟʘʮʠʶ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʛʨʘʥʠʮ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ). 

2) ʋʧʦʨʷʜʦʯʝʥʥʳʡ ʩʧʠʩʦʢ ʵʣʝʤʝʥʪʦʚ ʜʝʣʠʪʩʷ ʧʦʨʦʚʥʫ. 

3) ɸʣʛʦʨʠʪʤ ʨʝʢʫʨʩʠʚʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʢʘʞʜʦʡ ʧʦʜʦʙʣʘʩʪʠ ʥʫʞʥʦʝ ʯʠʩʣʦ 

ʨʘʟ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʭʝʤʝ ʚʳʧʦʣʥʷʝʪʩʷ ʦʯʝʥʴ ʙʳʩʪ-

ʨʦ ʠ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʧʘʤʷʪʠ, ʧʦʣʫʯʝʥʥʦʝ ʨʘʟʙʠʝʥʠʝ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʠʤ ʢʘʯʝ-

ʩʪʚʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ ʜʣʷ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʜʦʤʝʥʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ [3]. ʅʘ ʨʠʩ. 4 ʧʨʠʚʦʜʠʪʩʷ ʪʘʢʦʡ ʩʣʫʯʘʡ, 

ʢʦʛʜʘ ʚ ʧʨʦʮʝʩʩʝ ʙʠʩʝʢʮʠʠ ʦʙʨʘʟʫʝʪʩʷ ʠʟʦʣʠʨʦʚʘʥʥʘʷ ʧʦʜʦʙʣʘʩʪʴ (ʦʙʚʝʜʝʥʘ ʢʨʘʩʥʳʤ ʮʚʝ-

ʪʦʤ). 

ʄʝʪʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩʪʨʦʛʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʦʜʥʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ. ɼʣʷ ʤʥʦʛʠʭ ʩʣʫʯʘʝʚ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʘʣʝʢʦ 

ʥʝ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʘʟʙʠʝʥʠʶ ʩ ʛʨʘʥʠʮʘʤʠ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ. 

 

ʈʠʩ.4. ʆʙʨʘʟʦʚʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʦʜʦʙʣʘʩʪʠ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʨʘʟʙʠʝʥʠʷ ʤʝʪʦʜʦʤ ʨʝʢʫʨ-

ʩʠʚʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʙʠʩʝʢʮʠʠ (ʩʤ. ʨʠʩ. 3, ʩʣʝʚʘ)   

2.2. ʈʝʢʫʨʩʠʚʥʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʙʠʩʝʢʮʠʷ 

ʈʝʢʫʨʩʠʚʥʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʙʠʩʝʢʮʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʧʨʝʜʳʜʫʱʝʛʦ ʤʝʪʦʜʘ ʠ ʧʦʟʚʦ-

ʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʘʟʙʠʝʥʠʝ ʚʜʦʣʴ ʣʠʥʠʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ ʢ ʢʦʦʨ-

ʜʠʥʘʪʥʳʤ ʦʩʷʤ [4]. ɺ ʜʘʥʥʦʤ ʧʦʜʭʦʜʝ ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʢʘʢ ʪʦʯʝʯʥʘ ̫ʤʘʩʩʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʝʨʮʠʦʥʥʘ ̫ʦʩʴ ʚʩʝʡ ʩʠʩʪʝʤʳ ʪʦʯʝʯʥʳʭ ʤʘʩʩ. ɼʝʢʦʤʧʦ-

ʟʠʮʠʷ ʧʦ ʣʠʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʦʩʠ ʠʥʝʨʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝ-

ʧʨʦʪʷʞʝʥʥʦʡ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʠʥʝʨʮʠʦʥʥʦʡ ʙʠ-

ʩʝʢʮʠʠ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʤʝʪʦʜʦʤ, ʮʝʥʪʨʳ ʤʘʩʩ ʵʣʝʤʝʥʪʦʚ ʧʨʦʝʮʠʨʫʶʪʩʷ ʥʘ 

ʠʥʝʨʮʠʦʥʥʫʶ ʦʩʴ. ɿʘʪʝʤ ʠʭ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʚʝ ʨʘʚʥʳʝ ʯʘʩʪʠ. 

ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʨʝʢʫʨʩʠʚʥʦʝ ʜʝʣʝʥʠʝ ʧʦʜʦʙʣʘʩʪʝʡ ʥʫʞʥʦʝ ʯʠʩʣʦ ʨʘʟ. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʧʨʠʤʝʨ ʨʘʟʙʠʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʡ 

ʠʥʝʨʮʠʦʥʥʦʡ ʙʠʩʝʢʮʠʠ. 
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ʈʠʩ.5. ʕʪʘʧʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʘʜʘʧʪʠʚʥʦʡ ʜʚʫʤʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʢʦʨʘʙʣʷ Space Shuttle ʥʘ ʯʝʪʳʨʝ ʜʦʤʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʨʝʢʫʨʩʠʚʥʦʡ ʠʥʝʨʮʠ-

ʦʥʥʦʡ ʙʠʩʝʢʮʠʠ   

2.3. ɼʝʢʦʤʧʦʟʠʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʭ 

ɸʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʢʦʦʨʜʠʥʘʪʥʦʡ ʠʣʠ ʤʦʤʝʥʪʥʦʡ ʨʝʢʫʨʩʠʚʥʦʡ ʙʠʩʝʢʮʠʠ, ʨʘʩ-

ʧʨʝʜʝʣʷʶʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʷʯʝʡʢʠ ʧʦʨʦʚʥʫ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ. ʋʧʦʨʷʜʦʯʠʚʘʥʠʝ ʵʣʝʤʝʥ-

ʪʦʚ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʚʜʦʣʴ ʚʳʜʝʣʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʧʨʦʝʮʠʨʦ-

ʚʘʥʠʷ ʥʘ ʢʦʦʨʜʠʥʘʪʥʫʶ ʠʣʠ ʤʦʤʝʥʪʥʫʶ ʦʩʠ. 

ʂʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ, ʝʩʣʠ ʧʨʦʚʦʜʠʪʴ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ 

ʵʣʝʤʝʥʪʦʚ ʚ ʙʦʣʝʝ ʯʝʤ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʳʭ ʢʨʠʚʳʭ, ʢʦʪʦʨʳʝ 

ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʪ ʤʥʦʛʦʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʥʘʧʨʠʤʝʨ, ʢʨʠʚʘʷ ɻʠʣʴʙʝʨʪʘ). ʕʪʠ ʬʨʘʢ-

ʪʘʣʴʥʳʝ [8] ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʦʙʣʘʜʘʶʪ ʟʘʤʝʯʘʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʢʦ-

ʪʦʨʳʤ ʦʥʠ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʫʧʦʨʷʜʦʯʠʚʘʥʠʷ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʚ 2D ʠ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ. ʊʘʢʠʝ ʢʨʠʚʳʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ, ʧʦ ʩʫʪʠ ʦʪʦʙʨʘʞʘʶʱʠʝ ʤʥʦʛʦʤʝʨʥʦʝ (2D ʠʣʠ 3D) 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʦʜʥʦʤʝʨʥʦʝ. ʂʨʠʚʘʷ ɻʠʣʴʙʝʨʪʘ ï ʵʪʦ ʥʝʧʨʝʨʳʚʥʘʷ, ʬʨʘʢʪʘʣʴʥʦ ʟʘʧʦʣʥʷʶ-

ʱʘʷ ʢʚʘʜʨʘʪ ʠʣʠ ʢʫʙ ʢʨʠʚʘʷ, ʢʦʪʦʨʘʷ ʩʪʨʦʠʪʩʷ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʨʩʠʠ (ʨʠʩ. 6). ɽʝ ʜʠʩ-

ʢʨʝʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʷʪʩʷ ʫʨʦʚʥʝʤ ʨʝʢʫʨʩʠʠ [9] ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʥʜʝʢʩʘʮʠʠ 

ʨʘʩʯʝʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʨʠʩʚʦʝʥʠʷ ʠʥʜʝʢʩʘ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʚ ʦʧʨʝʜʝʣʝʥ-

ʥʦʤ ʧʦʨʷʜʢʝ). ɺ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ ʟʘʧʦʣʥʷʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʘʷ ɻʠʣʴʙʝʨʪʘ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʫʶ ʥʫʤʝʨʘʮʠʶ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʨʘʟʤʝʨʥʦʩʪʴʶ 2
3p
, ʛʜʝ p ʛʣʫʙʠʥʘ ʨʝʢʫʨ-

ʩʠʠ, ʚ ʢʦʪʦʨʫʶ ʚʢʣʘʜʳʚʘʝʪʩʷ ʨʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ. ʈʘʩʯʝʪʥʦʤʫ ʵʣʝʤʝʥʪʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʠʥ-

ʜʝʢʩ ʢʚʘʜʨʘʪʘ ʠʣʠ ʢʫʙʘ, ʚ ʢʦʪʦʨʦʤ ʦʢʘʟʘʣʩʷ ʝʛʦ ʮʝʥʪʨ ʤʘʩʩ [5, 6]. 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʜʣʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ 

ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʧʨʷʤʦʪʦʯʥʦʛʦ ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʩʣʝʚʘ) ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʚʦʡ ɻʠʣʴʙʝʨʪʘ ʤʥʦʞʝʩʪʚʦ ʝʝ ʫʟʣʦʚ (ʩʧʨʘʚʘ) [9]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʩʧʠʩʦʢ 

ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʩʝʪʢʠ ʥʘ ʥʫʞʥʦʝ ʯʠʩʣʦ ʧʦʜʦʙʣʘʩʪʝʡ. 

ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʦʙʣʘʜʘʝʪ ʥʫʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ: ʷʯʝʡʢʠ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠʤʝʶʪ ʙʣʠʟʢʠʝ 

ʥʦʤʝʨʘ ʠʥʜʝʢʩʦʚ ʚ ʩʧʠʩʢʝ. ɸʣʛʦʨʠʪʤʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘ-

ʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʭ, ʦʯʝʥʴ ʙʳʩʪʨʳʝ, ʘ ʨʘʟʙʠʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʭ ʨʘʙʦ-

ʪʳ, ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʢʘʯʝʩʪʚʫ ʢʦʦʨʜʠʥʘʪʥʫʶ ʠ ʤʦʤʝʥʪʥʫʶ ʙʠʩʝʢʮʠʶ. ʈʠʩ. 8 ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʢʨʠʚʫʶ ɻʠʣʴʙʝʨʪʘ, ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʤʥʦ-

ʞʝʩʪʚʘ ʫʟʣʦʚ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʧʷʪʴ ʧʦʜʦʙʣʘʩʪʝʡ 

[10]. 
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ʈʠʩ.6. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʚʦʡ ɻʠʣʴʙʝʨʪʘ ʚ ʜʚʫʤʝʨʥʦʤ (ʚʚʝʨʭʫ) ʠ ʪʨʝʭʤʝʨʥʦʤ (ʚʥʠʟʫ) ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʯʠʩʣʘ ʨʝʢʫʨʩʠʡ [9]. ɻʣʫʙʠʥʘ ʨʝʢʫʨʩʠʠ ʜʚʫʤʝʨ-

ʥʦʡ ʢʨʠʚʦʡ, ʟʘʧʦʣʥʷʶʱʝʡ ʢʚʘʜʨʘʪ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) 1, 2, 3, 4. ɻʣʫʙʠʥʘ ʨʝʢʫʨʩʠʠ ʧʨʦʩʪʨʘʥʩʪ-

ʚʝʥʥʦʡ ʢʨʠʚʦʡ, ʟʘʧʦʣʥʷʶʱʝʡ ʢʫʙ (ʩʣʝʚʘ ʥʘʧʨʘʚʦ) 2, 3, 4, 5   

 
ʈʠʩ.7. ʅʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʩʝʪʢʘ ʦʢʦʣʦ ʜʚʫʤʝʨʥʦʡ ʤʦʜʝʣʠ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʧʨʷʤʦʪʦʯʥʦʛʦ 

ʚʦʟʜʫʰʥʦ-ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ʩʣʝʚʘ). ʋʧʦʨʷʜʦʯʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʚʝʨʰʠʥ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʚʦʡ ɻʠʣʴʙʝʨʪʘ [9]   

 
ʈʠʩ.8. ʈʘʟʙʠʝʥʠʝ ʘʜʘʧʪʠʚʥʦʡ ʜʚʫʤʝʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʬʠ-

ʣʷ ʥʘ ʧʷʪʴ ʜʦʤʝʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʚʦʡ ɻʠʣʴʙʝʨʪʘ [10]   



ɸ.ʃ. ɾʝʣʝʟʥʷʢʦʚʘ  çʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʝʪʦʢ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ...è 

  

 
9 

3. ʂʦʤʙʠʥʘʪʦʨʥʳʝ ʤʝʪʦʜʳ 

ɻʨʫʧʧʘ ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ [11ï21], ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʞʘʜʥʳʡ 

ʘʣʛʦʨʠʪʤ, ʧʦʜʭʦʜʳ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʷʟʷʭ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʝʪʢʠ, ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʘʟʙʠʝʥʠʝ, 

ʧʦʣʫʯʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʦʜʭʦʜʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʴʶ ʛʨʘʥʠʮ ʜʦʤʝʥʦʚ (ʤʠʥʠʤʘʣʴʥʳʤ ʯʠʩʣʦʤ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʠʣʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʨʘʟʙʠʝʥʠʷ) ʠ ʥʝʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʟʦʣʠʨʦ-

ʚʘʥʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʅʝʜʦʩʪʘʪʢʦʤ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʘ-

ʣʠʟʫʶʱʠʭ ʢʦʤʙʠʥʘʪʦʨʥʳʝ ʧʦʜʭʦʜʳ, ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ. 

3.1. ɸʣʛʦʨʠʪʤ ʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ 

ɾʘʜʥʳʡ ʘʣʛʦʨʠʪʤ ʠʣʠ ʘʣʛʦʨʠʪʤ ʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ 

ʢʦʤʙʠʥʘʪʦʨʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥ ʥʘ ʦʯʝʚʠʜʥʦʤ ʩʚʦʡʩʪʚʝ: ʧʨʠ ʨʘʟʙʠʝʥʠʠ ʛʨʘʬʘ ʯʠʩʣʦ ʨʘʟ-

ʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʩʤʝʞʥʳʝ ʚʝʨʰʠʥʳ (ʩʦʝʜʠʥʝʥʥʳʝ ʜʫʛʘʤʠ) ʥʘʭʦ-

ʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʦʜʦʙʣʘʩʪʠ [14]. ɺʳʧʦʣʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʷ ñʩʪʘʨʪʦ-

ʚʦʛʦò ʫʟʣʘ ï ʧʝʨʠʬʝʨʠʡʥʦʡ ʠʣʠ ʧʩʝʚʜʦʧʝʨʠʬʝʨʠʡʥʦʡ ʚʝʨʰʠʥʳ ʛʨʘʬʘ [18]. ʊʝʨʤʠʥʳ ñʧʝʨʠ-

ʬʝʨʠʡʥʘʷò ʠ ñʧʩʝʚʜʦʧʝʨʠʬʝʨʠʡʥʘʷò ʚʝʨʰʠʥʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʦʚʳʭ ʧʦ-

ʥʷʪʠʡ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʪʘʢʠʭ ʢʘʢ ñʧʫʪʴò, ñʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʚʝʨʰʠʥʳò ʠ ñʜʠʘʤʝʪʨ ʛʨʘʬʘò. ʕʢʩ-

ʮʝʥʪʨʠʩʠʪʝʪ ʚʝʨʰʠʥʳ 
iV  ï ʵʪʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

iV  ʠ ʣʶʙʳʤ ʜʨʫʛʠʤ ʫʟʣʦʤ 

ʛʨʘʬʘ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʫʟʣʘʤʠ ʛʨʘʬʘ 
iV  ʠ 

jV  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʥʘʠʤʝʥʴʰʘʷ ʜʣʠʥʘ 

ʧʫʪʠ (
iV,é,jV ). ʇʫʪʝʤ ʜʣʠʥʳ l ʥʘʟʳʚʘʝʪʩʷ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʧʘʨʥʦ ʨʘʟʣʠʯʥʳʭ 

ʚʝʨʰʠʥ (1V , 2V ,é,lV), ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʝʨʰʠʥʳ iV  ʠ 1+iV  ï ʩʤʝʞʥʳʝ. ʇʫʪʴ ʤʦʞʥʦ ʪʘʢʞʝ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ l ʨʝʙʝʨ (1V , 2V ), ( 2V , 3V ), é, (1-lV , lV). ʅʘʠʙʦʣʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʧʦ ʚʩʝʤ ʚʝʨʰʠʥʘʤ ʛʨʘʬʘ ʥʘʟʳʚʘʝʪʩʷ ʜʠʘʤʝʪʨʦʤ ʛʨʘʬʘ. ʇʝʨʠʬʝ-

ʨʠʡʥʘʷ ʚʝʨʰʠʥʘ ï ʵʪʦ ʚʝʨʰʠʥʘ iV, ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʜʠʘʤʝʪʨʫ ʛʨʘʬʘ. ʇʩʝʚʜʦ-

ʧʝʨʠʬʝʨʠʡʥʦʡ ʚʝʨʰʠʥʦʡ ʥʘʟʳʚʘʝʪʩʷ ʚʝʨʰʠʥʘ ʩ ʙʦʣʴʰʠʤ, ʙʣʠʟʢʠʤ ʢ ʜʠʘʤʝʪʨʫ ʛʨʘʬʘ ʵʢʩ-

ʮʝʥʪʨʠʩʠʪʝʪʦʤ.  

ʈʠʩ. 9. ʧʦʷʩʥʷʝʪ ʨʘʙʦʪʫ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [1], ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ: 

ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʧʦʜʦʙʣʘʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʦʜʠʥ ʝʜʠʥʩʪʚʝʥʥʳʡ ʵʣʝʤʝʥʪ ï

ñʩʪʘʨʪʦʚʳʡò ʫʟʝʣ (ʧʝʨʠʬʝʨʠʡʥʘʷ ʠʣʠ ʧʩʝʚʜʦʧʝʨʠʬʝʨʠʡʥʘʷ ʚʝʨʰʠʥʘ ʛʨʘʬʘ), ʢʦʪʦʨʦʤʫ ʧʨʠ-

ʩʚʘʠʚʘʝʪʩʷ ʥʦʤʝʨ 0. ɺʳʙʦʨ ʧʝʨʠʬʝʨʠʡʥʦʡ ʚʝʨʰʠʥʳ, ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʦʡ, ʙʳʣ ʙʳ ʠʜʝʘʣʴ-

ʥʳʤ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ 

ʯʘʩʪʠʮ ʥʝʠʟʚʝʩʪʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʫʱʝʩʪʚʫʶʪ ʭʦʨʦʰʠʝ ʤʝʪʦʜʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘʭʦ-

ʜʠʪʴ ʧʩʝʚʜʦʧʝʨʠʬʝʨʠʡʥʳʝ ʚʝʨʰʠʥʳ [18]. ɼʘʣʝʝ ʧʦʜʦʙʣʘʩʪʴ ʨʘʩʰʠʨʷʝʪʩʷ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ 

ʫʟʣʦʚ ʩʤʝʞʥʳʭ ʩ ñʥʫʣʝʚʦʡò ʚʝʨʰʠʥʦʡ. ʅʦʚʳʤ ʫʟʣʘʤ ʧʨʠʩʚʘʠʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ 1. ʅʘ ʢʘʞʜʦʤ 

ʧʦʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʜʦʤʝʥ ʜʦʧʦʣʥʷʝʪʩʷ ʥʦʚʳʤʠ ʫʟʣʘʤʠ, ʩʤʝʞʥʳʤʠ ʩ ʚʝʨʰʠʥʘʤʠ, ʜʦʙʘʚʣʝʥ-

ʥʳʤʠ ʥʘ ʧʨʝʜʳʜʫʱʝʡ ʠʪʝʨʘʮʠʠ. ʇʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʨʦʥʫʤʝ-

ʨʦʚʘʥʘ ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 9 ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʫʣʴʪʘʪ ʙʠ-

ʩʝʢʮʠʠ ʛʨʘʬʘ, ʚʳʧʦʣʥʝʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ.     

ʂʘʢ ʧʨʘʚʠʣʦ, ʜʝʢʦʤʧʦʟʠʮʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʦʧʦʩʪʘʚʠʤʦʝ ʠʣʠ 

ʣʫʯʰʝʝ ʢʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʦʜʭʦʜʘʤʠ. ʆʜʥʘʢʦ ʤʝʪʦʜ ʜʝ-

ʣʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ ʠ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʩʦʟʜʘʥʠʷ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 9, ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʘʣʝʢ ʦʪ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʦ ʯʠʩʣʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ (ʣʫʯʰʝʝ ʨʝʰʝʥʠʝ ʧʦʢʘʟʘʥʦ ʰʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ). 

ɿʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪʩʷ ʜʣʷ 

ʤʥʦʛʦʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʙʠʝʥʠʷ, ʙʣʠʟʢʦʛʦ ʢ ʦʧʪʠʤʘʣʴʥʦʤʫ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʧʫʩʢʦʚ ʘʣʛʦʨʠʪʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʥʘʯʘʣʴ-



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2017 ʊ.18(1)     http://chemphys.edu.ru/issues/2017-18-1/articles/673/ 

 
 

10 

ʥʳʭ ʚʝʨʰʠʥ ʠ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʄʦʜʠʬʠʢʘʮʠʠ ʤʝʪʦʜʘ, ʧʦʚʳ-

ʰʘʶʱʠʝ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʝʜʣʦʞʝʥʳ ʚ [11, 15, 19, 20]. 

   
ʈʠʩ.9. ɼʝʢʦʤʧʦʟʠʮʠʷ ʛʨʘʬʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʘʜʥʦʛʦ ʘʣʛʦʨʠʪʤʘ [1]. ʉʧʣʦʰʥʘʷ ʣʠʥʠʷ ï 

ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ. ʐʪʨʠʭʦʚʘʷ ʣʠʥʠʷ ï ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ  

3.2. ɸʣʛʦʨʠʪʤ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ 

ʉ ʟʘʜʘʯʝʡ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʠʣʠ ʝʝ ʛʨʘʬʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝ-

ʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʧʨʦʙʣʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷ-

ʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʥʘʯʘʣʴʥʦʛʦ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʙʘʣʘʥʩʘ 

ʟʘʛʨʫʟʢʠ ʧʨʦʮʝʩʩʦʨʦʚ. ʇʦ ʩʫʪʠ, ʭʦʨʦʰʘʷ ʩʭʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʫʯʘʡʥʦʝ ʨʘʟʙʠʝʥʠʝ. 

ɺ ʨʘʙʦʪʝ ʂʝʨʥʠʛʘʥʘ ʠ ʃʠʥʘ [17] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʵʪʘʧʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦ-

ʜʦʙʣʘʩʪʝʡ A ʠ B ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ, ʚ ʭʦʜʝ ʢʦʪʦʨʳʭ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʜʦʩʪʠʛʘʝʪʩʷ ʣʦʢʘʣʴ-

ʥʦ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʜʚʘ ʨʘʚʥʦʚʝʣʠʢʠʭ ʜʦ-

ʤʝʥʘ ʩ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʯʠʩʣʦʤ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʤʝʞʜʫ ʥʠʤʠ. ɸʣʛʦʨʠʪʤ ʚʳʧʦʣ-

ʥʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʜʘʣʴʥʝʡʰʝʝ ʫʣʫʯʰʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ. 

 

 
ʈʠʩ.10. ʋʟʝʣ, ʧʝʨʝʤʝʱʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʟ ʧʦʜʦʙʣʘʩʪʠ A ʚ ʧʦʜʦʙʣʘʩʪʴ B ʧʨʠʚʝʜʝʪ ʢ ʝʜʠʥʠʯʥʦ-

ʤʫ ʚʳʠʛʨʳʰʫ (ʘ). ʕʣʝʤʝʥʪʘʨʥʳʡ ʘʢʪ ʦʙʤʝʥʘ ʚʝʨʰʠʥʘʤʠ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ ʚ ʭʦʜʝ ʚʳ-

ʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʂʝʨʥʠʛʘʥʘ ʠ ʃʠʥʘ, ʫʣʫʯʰʘʶʱʠʡ ʢʘʯʝʩʪʚʦ ʨʘʟʙʠʝʥʠʷ, ʧʫʪʝʤ ʫʤʝʥʴʰʝ-

ʥʠʷ ʯʠʩʣʘ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ (ʙ)  

ʘ ʙ
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ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ ʧʨʦʚʦʜʠʪʩʷ ʦʙʤʝʥ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʚʝʨ-

ʰʠʥ. ʇʘʨʳ ʯʘʩʪʠʮ (ʧʦ ʦʜʥʦʡ ʠʟ A ʠ B ʧʦʜʦʙʣʘʩʪʠ) ʧʝʨʝʤʝʱʘʶʪʩʷ ʠʟ ʦʜʥʦʛʦ ʜʦʤʝʥʘ ʚ ʜʨʫʛʦʡ 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʷ. ʆʧʪʠ-

ʤʘʣʴʥʳʡ ʚʳʙʦʨ ʫʟʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʫʯʝʥʠʷ  ñʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳ-

ʛʦʜʳò. ʇʝʨʝʤʝʱʝʥʠʝ ʫʟʣʘ ʠʟ A ʚ B  ʩʯʠʪʘʝʪʩʷ ñʚʳʛʦʜʥʳʤò ʝʩʣʠ  ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʤʝʥʴ-

ʰʠʪ ʯʠʩʣʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 10, ʘ). 

ɼʣʷ ʧʨʠʤʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩ. 10, ʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ñʚʳʠʛʨʳʰò ʨʘʚʝʥ ʝʜʠʥʠ-

ʮʝ. ʈʠʩ. 10, ʙ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʂʝʨʥʠʛʘʥʘ ʠ ʃʠʥʘ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ 

ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʙʦʪʝ ʌʠ-

ʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ [13]. ɺ ʧʦʜʭʦʜʝ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʦʰʘʛʦ-

ʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʝʨʝʤʝʱʘʪʴ ʦʜʠʥʦʯʥʳʝ ʫʟʣʳ, ʚʤʝʩʪʦ ʧʘʨʥʳʭ ʦʙʤʝʥʦʚ, ʨʝʘʣʠʟʫʶʱʠʭ 

ʘʣʛʦʨʠʪʤ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ. 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʜʣʷ ʢʘʞʜʦʛʦ ʜʦʤʝʥʘ (A ʠ B) ʩʦʟ-

ʜʘʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʘʷ ʦʯʝʨʝʜʴ ʚʝʨʰʠʥ, ʚ ʧʦʨʷʜʢʝ ʢʦʪʦʨʦʡ ʦʥʠ ʙʫʜʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʩʦʩʝʜ-

ʥʶʶ ʧʦʜʦʙʣʘʩʪʴ. ʇʨʠʦʨʠʪʝʪ ʢʘʞʜʦʛʦ ʫʟʣʘ (ʨʠʩ. 11) ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ), ʥʘ ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʧʨʠ ʧʝʨʝʤʝ-

ʱʝʥʠʠ ʵʪʦʛʦ ʫʟʣʘ ʚ ʩʦʩʝʜʥʶʶ ʧʦʜʦʙʣʘʩʪʴ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ñʚʳʠʛʨʳʰʝʤò). 

 

 
ʈʠʩ.11. ʇʨʠʥʮʠʧ ʨʘʩʩʪʘʥʦʚʢʠ ʧʨʠʦʨʠʪʝʪʦʚ ʜʣʷ ʚʝʨʰʠʥ ʛʨʘʬʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʚʫʤ 

ʧʦʜʦʙʣʘʩʪʷʤ  

ʅʘ ʢʘʞʜʦʤ ʰʘʛʝ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʚʝʨʰʠʥʘ, ʩʪʦʷʱʘʷ ʚ ʥʘʯʘʣʝ ʧʝʨʚʦʡ ʠʣʠ ʚʪʦʨʦʡ 

ʧʨʠʦʨʠʪʝʪʥʦʡ ʦʯʝʨʝʜʠ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʦʩʝʜʥʶʶ ʧʦʜʦʙʣʘʩʪʴ. ʇʦʩʣʝ ʢʘʞʜʦʡ ʧʝʨʝʩʪʘʥʦʚʢʠ 

ʧʨʠʦʨʠʪʝʪ ʚʝʨʰʠʥʳ ʠ ʩʤʝʞʥʳʭ ʩ ʥʝʡ ʫʟʣʦʚ ʦʙʥʦʚʣʷʝʪʩʷ. ʏʪʦʙʳ ʙʘʣʘʥʩ ʤʝʞʜʫ ʯʠʩʣʦʤ ʚʝʨ-

ʰʠʥ ʚ ʧʦʜʦʙʣʘʩʪʷʭ ʩʦʭʨʘʥʷʣʩʷ ʚ ʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʫʟʣʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʧʝʨʝʤʝʥʥʦ, ʪʦ 

ʠʟ ʦʜʥʦʛʦ, ʪʦ ʠʟ ʜʨʫʛʦʛʦ ʜʦʤʝʥʘ (ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ ʨʘʙʦʪʳ ʘʣʛʦʨʠʪʤʘ ʌʠʜʫʯʯʠ-

ʄʘʪʪʝʡʩʝʩʘ ʜʦʧʫʩʢʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʜʠʩʙʘʣʘʥʩ ʤʝʞʜʫ ʯʠʩʣʦʤ ʫʟʣʦʚ). ʍʦʜ ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦ-

ʨʠʪʤʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 12.  
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ʈʠʩ.12. ʇʦʰʘʛʦʚʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ (ʟʝʣʝʥʳʝ ʠ ʢʨʘʩʥʳʝ ʚʝʨʰʠʥʳ), ʩʦ-

ʩʪʦʷʱʝʛʦ ʠʟ ʜʚʫʭ ʧʦʜʦʙʣʘʩʪʝʡ, ʤʝʪʦʜʦʤ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ. ʋʟʣʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʝʨʝ-

ʤʝʱʝʥʳ ʥʘ ʩʣʝʜʫʶʱʝʡ ʠʪʝʨʘʮʠʠ, ʧʦʢʘʟʘʥʳ ʚ ʚʠʜʝ ʥʝʟʘʢʨʘʰʝʥʥʳʭ ʢʨʫʞʢʦʚ. ʎʠʬʨʘʤʠ ʦʙʦ-

ʟʥʘʯʝʥ ʧʨʠʦʨʠʪʝʪ ʚʝʨʰʠʥ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʡ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ  
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ʀʩʭʦʜʥʘʷ ʙʠʩʝʢʮʠʷ ʛʨʘʬʘ ʠʤʝʝʪ ʰʝʩʪʴ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʚʝʨʰʠ-

ʥʳ ʨʘʟʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ. ʍʦʪʷ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʘʟʙʠʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤ 

(ʢʘʞʜʘʷ ʧʦʜʦʙʣʘʩʪʴ ʩʦʜʝʨʞʠʪ ʧʦ ʜʝʩʷʪʴ ʚʝʨʰʠʥ), ʦʥʦ ʥʝ ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ 

ʯʠʩʣʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ ʥʝ ʤʠʥʠʤʘʣʴʥʦ. ʅʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʧʦ-

ʢʘʟʘʥʳ ʧʨʠʦʨʠʪʝʪʳ ʚʝʨʰʠʥ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʘʥʥʦʤʫ ʨʘʟʙʠʝʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʟʥʘʯʝʥʠʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳ, ʧʝʨʝʩʪʘʥʦʚʢʘ ʣʶʙʦʡ ʚʝʨʰʠʥʳ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʨʘʟʨʝʟʘʥʥʳʭ 

ʨʝʙʝʨ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʯʘʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʳʡ ʣʦʢʘʣʴʥʳʡ ʤʠ-

ʥʠʤʫʤ. ʉʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ ʪʠʧʘ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʵʪʘʧʘʭ ʪʘʢʞʝ ʚʘʨʠʘʥʪʳ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ 

ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 12). ʕʪʦ ʩʚʦʡʩʪʚʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʦʜʦʣʝʪʴ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠ-

ʤʫʤ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʫʤʝʥʴʰʠʚ ʯʠʩʣʦ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʩ 

ʰʝʩʪʠ ʜʦ ʜʚʫʭ. 

ɼʘʣʴʥʝʡʰʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʪʠʧʘ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ [12, 16, 21] ʧʨʝʜʣʘʛʘʶʪ ʧʝʨʝʤʝʱʘʪʴ ʯʘʩʪʠʮʳ ʥʝ ʧʘʨʘʤʠ, ʘ ʙʦʣʴʰʠʤʠ 

ʛʨʫʧʧʘʤʠ, ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʭʦʜʦʚ. 

4. ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʂʣʘʩʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ [22ï29] ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡʩʪ-

ʚʘ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚʝʢʪʦʨʦʚ ʜʠʩʢʨʝʪʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ (ʤʘʪʨʠʮʳ ʂʠʨʭʛʦʬʘ 

ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ) ʜʘʥʥʦʛʦ ʛʨʘʬʘ. ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʙʠ-

ʩʝʢʮʠʠ (ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ) ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ (A), 

ʤʘʪʨʠʮʘ ʩʪʝʧʝʥʝʡ ʚʝʨʰʠʥ ʛʨʘʬʘ (D), ʜʠʩʢʨʝʪʥʳʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ (L ).  

ʄʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ ï ʵʪʦ ʩʧʦʩʦʙ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʘ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʝʨʰʠʥ V ʠ 

ʤʥʦʞʝʩʪʚʦʤ ʨʝʙʝʨ E ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʥʦʡ ʜʚʦʠʯʥʦʡ ʤʘʪʨʠʮʳ (ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʧʨʠʥʠʤʘʝʪ ʦʜ-

ʥʦ ʠʟ ʜʚʫʭ ʟʥʘʯʝʥʠʡ 0 ʠʣʠ 1) ʩ ʯʠʩʣʦʤ ʩʪʨʦʢ ʠ ʩʪʦʣʙʮʦʚ ʨʘʚʥʳʤ ʯʠʩʣʫ ʚʝʨʰʠʥ ʛʨʘʬʘ. ʕʣʝ-

ʤʝʥʪʳ A ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
, 1=A i j

, ʝʩʣʠ ʚʝʨʰʠʥʳ 
iV  ʠ 

jV  ʩʚʷʟʘʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ ʨʝʙʨʦʤ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ 
, 0=A i j

. ʅʘ ʨʠʩ. 13 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʛʨʘʬʘ (ʘ) ʠ ʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʤʘʪʨʠʮʳ ʩʤʝʞʥʦʩʪʠ (ʙ). ʄʘʪʨʠʮʘ ʚʝʨʰʠʥ ʛʨʘʬʘ 
,Di i
 ʷʚʣʷʝʪʩʷ ʜʠʘʛʦ-

ʥʘʣʴʥʦʡ, ʘ ʟʥʘʯʝʥʠʷ ʝʝ ʵʣʝʤʝʥʪʦʚ ʨʘʚʥʳ ʯʠʩʣʫ ʨʝʙʝʨ, ʩʭʦʜʷʱʠʭʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʝʨ-

ʰʠʥʝ (ʨʠʩ. 13, ʚ). ʄʘʪʨʠʮʘ ʂʠʨʭʛʦʬʘ (ʨʠʩ. 13, ʛ) ʚʳʯʠʩʣʷʝʪʩʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ               [29]: 

 = -L D A , (1) 

 

 
ʈʠʩ.13. ɻʨʘʬ (ʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʝʤʫ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ (ʙ), ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ 

ʩʪʝʧʝʥʝʡ ʚʝʨʰʠʥ (ʚ), ʜʠʩʢʨʝʪʥʳʡ ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ (ʛ)  

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʩʠʤʤʝʪʨʠʯʥʘʷ ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ ʂʠʨʭʛʦʬʘ L  ʷʚʣʷʝʪʩʷ ʤʘʪʨʠʮʝʡ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ Q(X), ʜʣʷ ʢʦʪʦʨʦʡ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦ-

ʰʝʥʠʝ [30]: 

ʘ ʙ ʚ ʛ



ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʘʷ ʢʠʥʝʪʠʢʘ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ 2017 ʊ.18(1)     http://chemphys.edu.ru/issues/2017-18-1/articles/673/ 

 
 

14 

 TQ(X) = X LX , (2) 

ʈʘʩʩʤʦʪʨʠʤ V-ʤʝʨʥʳʡ ʚʝʢʪʦʨ 
1 2( , , , )TX = Vx x x , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʝʨʰʠʥʘʤ ʛʨʘʬʘ, 

ʨʘʟʜʝʣʝʥʥʦʛʦ ʥʘ ʜʚʝ ʯʘʩʪʠ (V ʯʠʩʣʦ ʚʝʨʰʠʥ). ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʘ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ 1°, 

ʧʨʠʯʝʤ 1=-ix , ʝʩʣʠ ʫʟʝʣ ʧʨʠʥʘʜʣʝʞʠʪ ʧʝʨʚʦʡ ʧʦʜʦʙʣʘʩʪʠ ʠ 1=+ix , ʝʩʣʠ ʫʟʝʣ ʦʪʥʦʩʠʪʩʷ 

ʢʦ ʚʪʦʨʦʤʫ ʜʦʤʝʥʫ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʛʨʘʬʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳ-

ʧʦʣʥʠʪʴ ʜʚʘ ʫʩʣʦʚʠʷ: ʦʙʝʩʧʝʯʠʪʴ  ʨʘʚʥʦʤʝʨʥʫʶ ʟʘʛʨʫʟʢʫ ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ 

ʤʝʞʧʨʦʮʝʩʩʦʨʥʳʝ ʦʙʤʝʥʳ (ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ, ʩʦʝʜʠʥʷʶʱʠʭ 

ʧʦʜʦʙʣʘʩʪʠ). ɺʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ ʤʦʞʝʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 
1

0
=

=ä
V

i

i

x , (3) 

ʂʨʦʤʝ ʵʪʦʛʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʛʨʘʬʘ ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ: 

 2

1=

=ä
V

i

i

x V . (4) 

ʂʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ (ʯʠʩʣʦ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ) 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʦ ʢʘʢ: 

 ( )
2

, 1
,

1

4 =
¸ ª

= -ä
V

cut i j

i j
i j i j

E x x . (5) 

ɿʜʝʩʴ ʟʥʘʢ ñªò ʦʟʥʘʯʘʝʪ ʩʤʝʞʥʦʩʪʴ i-ʛʦ ʠ j-ʛʦ ʫʟʣʘ (ʦʥʠ ʩʦʝʜʠʥʝʥʳ ʜʫʛʦʡ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʝʩʣʠ 
ix  ʠ 

jx  ʠʤʝʶʪ ʦʜʠʥ ʟʥʘʢ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʦʜʥʦʡ ʧʦʜʦʙʣʘʩʪʠ), 

ʪʦ ʢʚʘʜʨʘʪ ʨʘʟʥʦʩʪʠ ʧʦʜ ʟʥʘʢʦʤ ʩʫʤʤʳ ʚ (5) ʨʘʚʝʥ ʥʫʣʶ, ʪ.ʝ. ( )
2

0- =i jx x , ʠ ʥʠʯʝʛʦ ʥʝ ʚʥʦ-

ʩʠʪ ʚ ʦʙʱʫʶ ʩʫʤʤʫ. ɽʩʣʠ ʞʝ 
ix  ʠ 

jx  ʠʤʝʶʪ ʨʘʟʥʳʝ ʟʥʘʢʠ (i-ʷ ʠ j-ʷ ʚʝʨʰʠʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʚ ʨʘʟʥʳʭ ʜʦʤʝʥʘʭ), ʪʦ ( )
2

4- =i jx x . ʉʦʦʪʥʦʰʝʥʠʝ (5) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 

 ( )
2

2 2

, 1 , 1 , 1
, , ,

1 1
( ) 2

4 4= = =
¸ ª ¸ ª ¸ ª

è ø
é ù- = + -
é ù
ê ú

ä ä ä
V V V

i j i j i j

i j i j i j
i j i j i j i j i j i j

x x x x x x . (6) 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ (6) ʧʝʨʚʘʷ ʩʫʤʤʘ ʚ ʢʚʘʜʨʘʪʥʳʭ ʩʢʦʙʢʘʭ ï ʵʪʦ ʢʘʥʦʥʠʯʝʩʢʘʷ ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʬʦʨʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝ D. ɺʪʦʨʘʷ ʩʫʤʤʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘ-

ʪʠʯʥʦʡ ʬʦʨʤʦʡ, ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʪʨʠʮʘ ʩʤʝʞʥʦʩʪʠ A. ʀʩʧʦʣʴʟʫʷ ʚʝʢʪʦʨʥʦ-

ʤʘʪʨʠʯʥʫʶ ʟʘʧʠʩʴ ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʳʭ ʬʦʨʤ (2) ʩ ʫʯʝʪʦʤ (1) ʧʦʣʫʯʘʝʤ: 

 [ ]2 2

, 1 , 1
, ,

1 1 1
( ) 2

4 4 4= =
¸ ª ¸ ª

è ø
é ù+ - = - =
é ù
ê ú

ä ä T T TX DX X AX X LX
V V

i j i j

i j i j
i j i j i j i j

x x x x . (7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʛʨʘʬʘ ʥʘ ʜʚʝ ʧʦʜʦʙʣʘʩʪʠ ʩʚʦʜʠʪʩʷ 

ʢ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ (2) ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ (3) ʠ (4).  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʩʪʨʦʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʩʥʦʚʘʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʦʡʩʪʚ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚʝʢʪʦʨʦʚ ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʘʪʨʠʮʳ L, ʢʦʪʦ-

ʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 

 =lLX X . (8) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ (7) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʢʘʢ: 



ɸ.ʃ. ɾʝʣʝʟʥʷʢʦʚʘ  çʕʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʨʝʛʫʣʷʨʥʳʭ ʩʝʪʦʢ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ...è 

  

 
15 

 
1 1

4 4
= lT TX LX X X , (9) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʯʠʩʣʘ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʝʢʪʦʨ 

X  ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʠʤʝʥʴʰʝʤʫ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʘʪʨʠʮʳ L. ɼʠʩʢʨʝʪʥʳʡ ʦʧʝʨʘʪʦʨ 

ʃʘʧʣʘʩʘ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʣʫʦʧʨʝʜʝʣʝʥʥʳʤ. ʄʠʥʠʤʘʣʴʥʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ L  

ʨʘʚʥʦ ʥʫʣʶ (ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ ʂʠʨʭʛʦʬʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [31, 32]. 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʤʫ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʝʜʠʥʠʮ, ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦ-

ʚʠʶ (3). ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʚʷʟʥʦʛʦ ʛʨʘʬʘ ʧʦʣʦʞʠʪʝʣʴʥʳ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ ʢ ʥʘʭʦʞʜʝʥʠʶ ʚʪʦʨʦʛʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʚʝʢʪʦʨʦʤ ʌʠʜʣʝʨʘ 

[33, 34]. ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʤʘʪʨʠʮʳ ʂʠʨʭʛʦʬʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʝ ʥʘʠʤʝʥʴʰʝʤʫ ʥʝʪʨʠ-

ʚʠʘʣʴʥʦʤʫ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ (ʚʝʢʪʦʨ ʌʠʜʣʝʨʘ) ʦʧʨʝʜʝʣʷʝʪ ʩʚʷʟʥʦʩʪʴ ʛʨʘʬʘ (ʢʦʣʠʯʝ-

ʩʪʚʦ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʝʨʰʠʥʘʤʠ). 

ʇʦʩʣʝʜʫʶʱʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʨʪʠʨʦʚʢʝ ʢʦʤʧʦʥʝʥ-

ʪʦʚ ʚʝʢʪʦʨʘ ʌʠʜʣʝʨʘ 
1 2( , , , )¡ ¡ ¡ ¡TX = Vx x x , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʰʠʥʝ ʛʨʘʬʘ, 

ʚ ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ. ɼʣʷ ʩʣʫʯʘʷ ʧʦʣʦʚʠʥʥʦʛʦ ʜʝʣʝʥʠʷ ʚʳʙʠʨʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ M 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʝʜʠʘʥʝ ʚʝʢʪʦʨʘ (ʩʨʝʜʥʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʵʣʝʤʝʥʪ). ɺʝʨʰʠʥʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

¡¢ix M  ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʡ ʧʦʜʦʙʣʘʩʪʠ, ʘ ʫʟʣʳ, ʜʣʷ ʢʦʪʦʨʳʭ ¡>ix M  ʢ ʜʨʫʛʦʡ. ɼʣʷ ʜʘʣʴʥʝʡ-

ʰʝʛʦ ʜʨʦʙʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ ʰʘʛʠ ʧʦʚʪʦʨʷʶʪʩʷ ʚ ʪʦʡ ʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

 ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʜʝʢʦʤʧʦʟʠʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʩʣʦʞʥʳʭ ʤʥʦʛʦʩʚʷʟʥʳʭ ʦʙʣʘʩʪʝʡ), ʦʜʥʘʢʦ ʤʝʪʦʜ 

ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʟʘʪʨʘʪʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʦ ʪʘʢʦʤʫ ʢʨʠʪʝʨʠʶ, 

ʢʘʢ ʯʠʩʣʦ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʙʠʝʥʠʝ ʧʨʝʚʦʩʭʦ-

ʜʠʪ ʣʶʙʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [35]. ʇʨʠʤʝʨʳ 

ʧʨʠʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʧʦʩʦʙʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʨʘʟʙʠʝʥʠʷ ʛʨʘʬʘ 

ʜʚʦʡʩʪʚʝʥʥʦʛʦ ʪʨʝʫʛʦʣʴʥʦʡ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʝ ʦʢʦʣʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʩ 

ʤʝʭʘʥʠʟʘʮʠʝʡ [35] ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 14. 

 

 

 
ʈʠʩ.14. ʈʘʟʙʠʝʥʠʝ ʤʥʦʛʦʩʚʷʟʥʦʡ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʦʢʦʣʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʥʘ ʚʦʩʝʤʴ ʧʦʜʦʙ-

ʣʘʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ (ʘ) ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ (ʙ) ʧʦʜʭʦʜʦʚ. ʏʠʩʣʦ ʨʘʟʨʝ-

ʟʘʥʥʳʭ ʨʝʙʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʢʘʯʝʩʪʚʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʨʘʚʥʦ 299 ʠ 529 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [35]. 

ʘ ʙ
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5. ʉʦʚʨʝʤʝʥʥʳʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʠ ʠʥʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʧʦʜʭʦʜʳ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʝʢʦʤʧʦ-

ʟʠʮʠʠ ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʤ ʧʦʜʭʦʜʝ [36ï43]. ʈʝʘʣʠʟʘʮʠʷ 

ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʩʭʝʤʳ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ: ʦʛʨʫʙʣʝʥʠʝ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʘ, ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʝ ʨʘʟʙʠʝʥʠʝ ʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʫʪʦʯʥʝʥʠʝ. ʅʘ ʩʪʘʜʠʠ ʦʛʨʫʙʣʝʥʠʷ ʩʪʨʫʢʪʫʨʘ ʛʨʘʬʘ ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʧʦʰʘʛʦʚʦ ʫʢʨʫʧʥʷʝʪʩʷ, ʧʫʪʝʤ ʧʦʧʘʨʥʦʛʦ ʩʪʷʛʠʚʘʥʠʷ ʝʛʦ ʫʟʣʦʚ, ʦʙʨʘʟʫʷ ʤʥʦʛʦʫʨʦʚ-

ʥʝʚʫʶ ʩʠʩʪʝʤʫ ʚʣʦʞʝʥʥʳʭ ʛʨʘʬʦʚ. ʇʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʧʦʣʫ-

ʯʝʥ ʛʨʘʬ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʩʘ-

ʤʦʛʦ ʛʨʫʙʦʛʦ ʛʨʘʬʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʨʝʪʴʷ ʩʪʘʜʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʙʠʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʜʦʙʣʘ-

ʩʪʷʤ ʛʨʘʬʦʚ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ ʛʨʫʙʦʛʦ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʘʤʳʤ ʧʦʜʨʦʙʥʳʤ 

ʠʩʭʦʜʥʳʤ ʛʨʘʬʦʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʪʠʧʘ ʂʝʨ-

ʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ. ʄʦʜʝʣʴ, ʧʨʠʚʝʜʝʥʥʘʷ ʥʘ ʨʠʩ. 15, ʠʣʣʶʩʪʨʠʨʫʝʪ ʢʦʥ-

ʮʝʧʮʠʶ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ [44]. 

 
ʈʠʩ.15. ʊʨʠ ʩʪʘʜʠʠ ʨʝʘʣʠʟʘʮʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ  

ʆʛʨʫʙʣʝʥʠʝ ʥʘʯʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʧʦʧʘʨʥʳʤ 

ʩʣʠʷʥʠʝʤ ʚʝʨʰʠʥ, ʩʦʝʜʠʥʝʥʥʳʭ ʨʝʙʨʘʤʠ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʥʠʢʘʢʠʝ ʜʚʘ ʠʟ ʥʠʭ ʥʝ ʚʳʭʦʜʷʪ 

ʠʟ ʦʜʥʦʛʦ ʫʟʣʘ. ʈʠʩ. 16, ʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʣʫʯʘʡʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʫʟʣʦʚ ʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʛʨʫʙʣʝʥʥʦʛʦ ʛʨʘʬʘ.  

ɺ ʨʘʙʦʪʝ [41] ʧʨʝʜʣʦʞʝʥ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʝʨʰʠʥ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʧʨʠʥʮʠʧʝ ʚʳʙʦʨʘ ʦʙʲʝʜʠʥʷʶʱʠʭ ʩʚʷʟʝʡ ʩ ʥʘʠʙʦʣʴʰʠʤ ʚʝʩʦʤ (ʨʠʩ. 16, ʙ). ʊʝʭʥʦʣʦʛʠʷ 

ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ, ʢʦʛʜʘ ʢʘʞʜʦʤʫ ʨʝʙʨʫ ʩʪʘʚʠʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʢʦʪʦʨʦʝ ʟʥʘʯʝʥʠʝ ï ʚʝʩ ʨʝʙʨʘ (ʨʠʩ. 16). ɺ ʧʨʦʮʝʩʩʝ ʦʛʨʫʙʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 

ʛʨʘʬʘ ʧʫʪʝʤ ʩʪʷʛʠʚʘʥʠʷ ʯʘʩʪʠ ʨʝʙʝʨ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʣʦʞʝʥʥʳʭ ʛʨʘʬʦʚ. 

ʍʦʨʦʰʘʷ ʩʭʝʤʘ ʫʢʨʫʧʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʛʨʘʬʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʝʛʦ ʨʘʟ-

ʤʝʨʥʦʩʪʴ (ʨʠʩ. 16). ʀʩʭʦʜʥʳʡ ʛʨʘʬ ʥʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʠʤʝʝʪ ʩʫʤʤʘʨʥʳʡ ʚʝʩ ʨʝʙʝʨ ʨʘʚʥʳʡ 37. 

ʆʛʨʫʙʣʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʩʫʤʤʘʨʥʳʡ 

ʚʝʩ ʧʦʣʫʯʝʥʥʦʛʦ ʛʨʘʬʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʥʠʟʠʪʴ ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʯʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ. 

ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʨʘʤʢʘʭ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ ʫʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʣʦʢʘʣʴʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ, 

ʪʘʢ ʢʘʢ ʧʝʨʝʤʝʱʝʥʠʝ ʫʟʣʘ ʦʛʨʫʙʣʝʥʥʦʛʦ ʛʨʘʬʘ ʣʶʙʦʡ ʩʪʝʧʝʥʠ ʚʣʦʞʝʥʠʷ ʚ ʩʦʩʝʜʥʶʶ ʧʦʜʦʙ-

ʣʘʩʪʴ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʝʨʝʤʝʱʝʥʠʶ ʙʦʣʴʰʦʡ ʛʨʫʧʧʳ ʯʘʩʪʠʮ ʠʩʭʦʜʥʦʛʦ ʛʨʘʬʘ, ʥʦ ʩ ʤʝʥʴʰʠʤʠ 

ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [41] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʙʦʨ ʤʝʪʦʜʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʘ 

ʵʪʘʧʝ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ (ʨʠʩ. 15) ʥʝ ʦʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴ-

ʪʘʪ. 
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ʈʠʩ.16. ʇʦʧʘʨʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʝʨʰʠʥ ʩʣʫʯʘʡʥʳʤ ʩʧʦʩʦʙʦʤ (ʘ) ʠ ʩ ʫʯʝʪʦʤ ʚʝʩʘ ʦʙʲʝʜʠ-

ʥʷʶʱʠʭ ʩʚʷʟʝʡ (ʙ). ʇʦʩʣʝʜʫʶʱʝʝ ʦʛʨʫʙʣʝʥʠʝ ʚʟʚʝʰʝʥʥʦʛʦ ʛʨʘʬʘ ʧʫʪʝʤ ʩʣʠʷʥʠʷ ʚʝʨʰʠʥ  

ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʥʘʜʝʞʥʳʤ ʠ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ ʧʨʝʚʦʩʭʦʜʠʪ 

ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʧʦ ʩʢʦʨʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʨʘʟʙʠʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʨʝʠʤʫ-

ʱʝʩʪʚʘʤ, ʪʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʘʢʠʭ ʦʙʱʝʜʦʩʪʫʧʥʳʭ 

ʙʠʙʣʠʦʪʝʢʘʭ ʧʨʦʛʨʘʤʤ ʢʘʢ METIS [45], SCOTCH [46], CHACO [47]. 

ɺ ʨʘʙʦʪʝ [42] ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʦʙʦʙʱʝʥʥʳʡ ʥʘ ʩʣʫ-

ʯʘʡ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʜʦʙʣʘʩʪʝʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʘʣʛʦʨʠʪʤʘ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʙʠʩʝʢʮʠʠ. ɼʘʥʥʳʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ: METIS [45], JOSTLE [48], PARTY [49].   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʨʘʟʙʠʝʥʠʶ ʙʦʣʴʰʠʭ 

ʩʝʪʦʢ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʨʝʘʣʠʟʫʶʱʠʡ ʠʥʢʨʝʤʝʥʪʥʳʡ ʘʣʛʦʨʠʪʤ ʜʝʢʦʤʧʦʟʠʮʠʠ [50]. ɼʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʝʪʢʠ, ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʛʨʘʬʦʚʦʤ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʠ ʩʝʪʦʯʥʦʡ ʤʦʜʝʣʠ ʠ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟ-

ʙʠʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʨʰʠʥ ʛʨʘʬʘ ʧʨʦʚʦʜʠʪʩʷ ʚ ʭʦʜʝ ʠʪʝʨʘʮʠʦʥʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʧʫʪʝʤ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʜʦʤʝʥʦʚ ʟʘ ʩʯʝʪ ʟʘʭʚʘʪʘ ʩʤʝʞʥʳʭ ʥʝʨʘʩʧʨʝ-

ʜʝʣʝʥʥʳʭ ʚʝʨʰʠʥ. ʈʦʩʪ ʢʘʞʜʦʡ ʧʦʜʦʙʣʘʩʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩʦ ʩʣʫʯʘʡʥʦ ʚʳʙʨʘʥʥʦʡ ʠʥʠʮʠʘʣʠ-

ʟʠʨʫʶʱʝʡ ʚʝʨʰʠʥʳ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʩ ʛʨʘʥʠʮʘʤʠ ʩʦʩʝʜʥʠʭ ʜʦʤʝʥʦʚ. ɺ 

ʧʨʦʮʝʩʩʝ  ʨʘʩʰʠʨʝʥʠʷ ʩʤʝʞʥʳʝ ʧʦʜʦʙʣʘʩʪʠ  ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʬʬʫʟʥʦʛʦ ʧʝ- 
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ʨʝʨʘʩʧʨʝʜʝʣʝʥʠ ̫ʚʝʨʰʠʥ ʯʝʨʝʟ ʦʙʱʫʶ ʛʨʘʥʠʮʫ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʚʳʨʘʚʥʠʚʘʥʠʷ 

ʩʫʤʤʘʨʥʦʛʦ ʚʝʩʘ ʚʝʨʰʠʥ ʚ ʜʦʤʝʥʘʭ. ʇʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʣʦʢʘʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʜʦʤʝʥʦʚ ʪʠʧʘ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-

ʄʘʪʪʝʡʩʝʩʘ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʜʦʤʝʥʦʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʨʠʪʝʨʠʷ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ 

ʧʨʦʚʝʨʢʝ ʩʚʷʟʥʦʩʪʠ ʦʙʦʣʦʯʝʢ ʧʦʩʣʝʜʥʠʭ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʦʜ ʣʠʰʝʥ ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʩʫʱʝʛʦ ʧʦʧʫʣʷʨʥʳʤ 

ʠʝʨʘʨʭʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ [50]. ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʘʣʛʦ-

ʨʠʪʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʤʝʭʘʥʠʟʤ ʦʧʪʠʤʠʟʘʮʠʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʩʚʦʙʦʞʜʝ-

ʥʠʝ ʯʘʩʪʠ ʚʝʨʰʠʥ ʠ ʧʦʚʪʦʨʝʥʠʝ ʵʪʘʧʘ ʨʦʩʪʘ ʜʦʤʝʥʦʚ. 

ɺ ʨʘʙʦʪʘʭ [51ï53] ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ, ʫʯʠʪʳʚʘʶʱʝʛʦ ʥʝ ʪʦʣʴʢʦ ʩʚʷʟʥʦʩʪʴ ʦʙʦʣʦʯʝʢ, ʥʦ ʠ ʩʫʤ-

ʤʘʨʥʳʡ ʚʝʩ ʨʘʟʨʝʟʘʥʥʳʭ ʨʝʙʝʨ, ʜʠʩʙʘʣʘʥʩ ʯʠʩʣʘ ʚʝʨʰʠʥ ʚ ʧʦʜʦʙʣʘʩʪʷʭ, ʯʠʩʣʦ ʥʝʩʚʷʟʥʳʭ 

ʜʦʤʝʥʦʚ. ʇʘʨʘʣʣʝʣʴʥʘʷ ʚʝʨʩʠʷ ʠʥʢʨʝʤʝʥʪʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʜʝʢʦʤʧʦʟʠʮʠʠ ʛʨʘʬʦʚ, ʨʝʘʣʠʟʦʚʘ-

ʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ GRIDSPIDERPAR [53]. ɺ [53] ʪʘʢʞʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʨʦʙʥʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʙʠʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʠʟ-

ʚʝʩʪʥʳʭ ʧʘʢʝʪʦʚ METIS [45], SCOTCH [46], ZOLTAN [53], ʨʝʘʣʠʟʫʶʱʠʭ ʠʝʨʘʨʭʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ, ʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤ GRIDSPIDERPAR. ʂʘʯʝʩʪʚʦ ʜʝʢʦʤʧʦʟʠʮʠʠ ʦʮʝʥʠʚʘʣʦʩʴ 

ʧʦ ʜʠʩʙʘʣʘʥʩʫ ʯʠʩʣʘ ʚʝʨʰʠʥ ʚ ʜʦʤʝʥʘʭ, ʢʦʣʠʯʝʩʪʚʫ ʥʝʩʚʷʟʥʳʭ ʜʦʤʝʥʦʚ ʠ ʯʠʩʣʫ ʨʘʟʨʝʟʘʥ-

ʥʳʭ ʨʝʙʝʨ.  

6. ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ɺʩʝ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʘʟʙʠʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʩʝʪʦʢ ʠʣʠ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʛʨʘʬʦʚ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʧʦʵʪʦʤʫ ʥʠ ʦʜʠʥ ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʤʦʞʝʪ ʘʧʨʠʦʨʠ ʩʯʠʪʘʪʴʩʷ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʩʭʝʤ ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʝʥʩʠʨʦ-

ʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʨʫʛʦʛʦ ʠ ʪʝʤ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳ-

ʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ. ʅʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʳ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠ-

ʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʣʶʙʦʡ ʩʭʝʤʳ ʜʝʢʦʤʧʦʟʠʮʠʠ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʙʠʝʥʠʷ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʠʩʘʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ        

[1ï7, 11ï20, 22ï29, 35ï44] ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜʭʦʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʟʘʜʘʯʝ ʨʘʟʙʠʝʥʠʷ ʨʘʩʯʝʪʥʦʡ 

ʩʝʪʢʠ ʦʢʦʣʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʩ ʤʝʭʘʥʠʟʘʮʠʝʡ (ʨʠʩ. 17, ʘ). ʇʨʠ ʵʪʦʤ ʧʨʦʚʦʜʠʣʦʩʴ ʣʠʙʦ ʧʦʫʟ-

ʣʦʚʦʝ ʨʘʟʙʠʝʥʠʝ (ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʟʘʜʘʯʠ ʚ ʫʟʣʘʭ ʩʝʪʢʠ), ʣʠʙʦ ʧʦʵʣʝʤʝʥʪʥʘʷ 

ʜʝʢʦʤʧʦʟʠʮʠʷ (ʤʦʜʝʣʴ ʚʳʯʠʩʣʝʥʠʡ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ ʮʝʥʪʨʘʭ ʷʯʝʝʢ) ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ ʜʫʘʣʴʥʦʛʦ ʛʨʘʬʘ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ (ʨʠʩ. 17, ʙ). ɻʝʦʤʝʪʨʠʷ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʧʦʟʘʠʤʩʪ-

ʚʦʚʘʥʘ ʠʟ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʛʦ ʧʨʠʤʝʨʘ MATLAB  ñairfoilò [54]. ʄʥʦʛʦʩʚʷʟʥʘʷ ʨʘʩʯʝʪʥʘʷ ʦʙ-

ʣʘʩʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʘʩʴ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʝʪʢʦʡ, ʚʢʣʶʯʘʶʱʝʡ 4253 ʫʟ-

ʣʘ, 12289 ʨʝʙʝʨ ʠ 8034 ʪʨʝʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʘ. 
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ʈʠʩ.17. ʊʨʝʫʛʦʣʴʥʘʷ ʘʜʘʧʪʠʚʥʘʷ ʨʘʩʯʝʪʥʘʷ ʩʝʪʢʘ ʦʢʦʣʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ ʩ ʤʝʭʘʥʠʟʘʮʠʝʡ (a) ʠ 

ʝʝ ʛʨʘʬʦʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʙ)  

ɺ ʪʘʙʣ. 1 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʠʢ ʧʦ ʧʷ-

ʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ. ʄʝʪʦʜʳ ʩʦʧʦʩʪʘʚʣʷʣʠʩʴ ʧʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʷʤ ʪʘʢʠʤ ʢʘʢ: ʢʘ-

ʯʝʩʪʚʦ (ʦʧʨʝʜʝʣʷʣʦʩʴ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴʶ ʨʘʟʙʠʝʥʠʷ, ʢʦʣʠʯʝʩʪʚʦʤ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ, ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʜʦʙʣʘʩʪʝʡ), ʚʨʝʤʷ 

ʚʳʧʦʣʥʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ. ʇʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝ-

ʜʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʟʘʜʘʯʝ ʨʘʟʙʠʝʥʠʷ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ ʢʨʳʣʦʚʦʛʦ ʧʨʦʬʠʣʷ 

(ʨʠʩ. 17) ʥʘ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʧʦʜʦʙʣʘʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 18, 19. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʧʦ-

ʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʢʘʯʝʩʪʚʦ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʧʦʜʭʦʜʦʚ ʧʦʤʝʱʝʥʳ ʚ ʪʘʙʣ. 2, 3 ʜʣʷ ʧʦʫʟʣʦʚʦʛʦ ʠ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʳʰʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʨʝʢʫʨʩʠʚ-

ʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ (ʨʠʩ. 18 ʘ, ʙ; ʨʠʩ. 19 ʘ, ʙ) ʠ ʠʥʝʨʮʠʦʥʥʦʡ ʙʠʩʝʢʮʠʠ (ʨʠʩ. 19 ʚ, ʛ) ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʫʩʪʫʧʘʶʪ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ ʧʦ ʢʘʯʝʩʪʚʫ ʨʘʟʙʠʝʥʠʷ. 

ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 2, 

3 ʜʣʷ ʨʝʢʫʨʩʠʚʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʦʣʫʯʘʝʤʳʝ ʨʘʟʙʠʝʥʠʷ 

ʭʦʨʦʰʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ (ʪʘʙʣ. 2, 3), ʦʥʠ ʠʤʝʶʪ ʩʘʤʳʝ ʧʣʦʭʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʩʫʤʤʘʨʥʦʤʫ 

ʯʠʩʣʫ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʜʦʤʝʥʘʤʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ ʚ 

ʧʨʦʮʝʩʩʝ ʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʦʤʝʥʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʦʜʦʙ-

ʣʘʩʪʝʡ (ʨʠʩ. 4). ʈʝʢʫʨʩʠʚʥʦʝ ʠʥʝʨʮʠʦʥʥʦʝ ʨʘʟʙʠʝʥʠʝ (ʨʠʩ. 19 ʚ, ʛ) ʠ ʜʝʣʝʥʠʝ ʩ ʫʯʝʪʦʤ ʩʚʷʟ-

ʥʦʩʪʠ (ʞʘʜʥʳʡ ʘʣʛʦʨʠʪʤ) ʣʠʰʴ ʥʝʤʥʦʛʠʤ ʧʨʝʚʦʩʭʦʜʠʪ ʧʝʨʚʳʡ ʤʝʪʦʜ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ 

ʧʦʢʘʟʘʪʝʣʶ (ʪʘʙʣ. 1). ʊʘʢʞʝ ʥʝʧʣʦʭʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʜʦʙʣʘʩʪʷʤʠ, ʜʘʝʪ ʤʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʭ (ʨʠʩ. 8). ʕʪʦʪ ʧʦʜʭʦʜ ʠʤʝʝʪ ʣʫʯʰʠʡ ʧʦʢʘ-

ʟʘʪʝʣʴ ʚ ʩʝʤʝʡʩʪʚʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ (ʪʘʙʣ. 1). 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʳ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʧʦ-

ʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʙʣʠʟʢʫʶ ʢ ʦʧʪʠʤʘʣʴʥʦʡ (ʪʘʙʣ. 2). ɺ ʨʘʙʦʪʝ [55] ʧʨʦʚʝʜʝʥʦ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʙʠʩʝʢʮʠʠ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʜʭʦʜʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʘʣʛʦʨʠʪʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʨʘʟʙʠʝʥʠʷ ʨʘʩʯʝʪʥʦʡ ʩʝʪʢʠ ʦʢʦʣʦ ʧʨʦʬʠʣʷ ʢʨʳʣʘ (ʨʠʩ. 17). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʚʦʜʠʪʩʷ ʚ ʪʘʙʣ. 2. ɸʣʛʦʨʠʪʤ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʝʣʝʥʠʷ ʠ ʢʦʤʙʠʥʠʨʦʚʘʥ-

ʥʘʷ ʩʭʝʤʘ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩʪʘʙʠʣʴʥʦ ʧʦʢʘʟʳʚʘʶʪ ʦʯʝʥʴ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʤ ʜʨʦʙʣʝʥʠʠ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʥʘ 2, 4, 8, 16, 32 ʠ 64 ʧʦʜʦʙʣʘʩʪʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʪʝʭ-

ʥʦʣʦʛʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʝʢʦʤʧʦʟʠʮʠʠ, ʛʘʨʘʥʪʠʨʫʝʪ ʩʚʷʟʥʦʩʪʴ ʢʘʞʜʦʡ ʧʦʜʦʙ-

ʣʘʩʪʠ. 

ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ (ʨʠʩ. 18 ʚ ï ʝ; ʨʠʩ. 19 ʜ, ʝ) ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦ ʣʫʯʰʠʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʜʝʢʦʤʧʦʟʠʮʠʠ (ʪʘʙʣ. 1 ï 3). ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-

ʄʘʪʪʝʡʩʝʩʘ ʥʘ ʵʪʘʧʝ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʫʪʦʯʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʦʪʣʠʯʥʦʛʦ ʢʘʯʝʩʪʚʘ 

ʨʘʟʙʠʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʦʝ ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʜʝʢʦʤʧʦʟʠ-

ʮʠʠ ʫʢʨʫʧʥʝʥʥʳʭ ʛʨʘʬʦʚ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʚʣʦʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ 

ʥʘ ʨʝʘʣʠʟʘʮʠʶ ʢʣʘʩʩʠʯʝʩʢʠʭ ʘʣʛʦʨʠʪʤʦʚ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ.  

ʘ ʙ
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ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʨʘʙʦʪʫ ʘʣʛʦʨʠʪʤʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʨʝʢʫʨʩʠʚʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʠ ʠʥʝʨʮʠʦʥʥʦʡ ʙʠʩʝʢʮʠʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤ 

ʚʨʝʤʝʥʝʤ ʠʩʧʦʣʥʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʮʝʥʠʚʘʶʪʩʷ ʚʳʩʰʠʤ ʙʘʣʣʦʤ (ʪʘʙʣ. 1). ɼʝʢʦʤʧʦ-

ʟʠʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʭ, ʨʘʟʙʠʝʥʠʝ ʩ ʫʯʝʪʦʤ ʩʚʷʟʥʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʤʥʦʛʦʫʨʦʚʥʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʪʨʘʯʠʚʘʶʪ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. ɿʥʘʯʠʪʝʣʴ-

ʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʜʭʦʜʳ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-

ʄʘʪʪʝʡʩʝʩʘ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ 

ʠʪʝʨʘʮʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʟʙʠʝʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʘʩʭʦʜʦʚʘʥʠʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʥʝʵʬʬʝʢ-

ʪʠʚʥʳʤ, ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ 

(ʪʘʙʣ. 1), ʧʦʵʪʦʤʫ ʜʘʥʥʦʝ ʩʝʤʝʡʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʭʫʜʰʠʝ ʚʨʝʤʝʥʥʳʝ ʧʦʢʘʟʘ-

ʪʝʣʠ.  

ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʦʚ ʩʘʤʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʨʘʩʧʘʨʘʣʣʝ-

ʣʠʚʘʥʠʷ. ʕʪʦ ʙʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʦʙʲʝʤʘ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ ʦʙʳʯʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘ-

ʯʠ. ʇʘʨʘʣʣʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʨʘʟʜʝʣʝʥʠʷ ʛʨʘʬʦʚ ʧʦʩʚʷʱʝʥʳ, ʥʘ-

ʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: [3, 51 ï 53, 56 ï 61]. 

ɸʣʛʦʨʠʪʤʳ ʪʠʧʘ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ ʷʚʣʷʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳ-

ʤʠ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ (ʪʘʙʣ.1) ʠ ʧʣʦʭʦ ʧʦʜʜʘʶʪʩʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝ-

ʪʦʜʳ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʢʦʦʨʜʠʥʘʪʥʘʷ ʠ ʠʥʝʨʮʠʦʥʥʘʷ ʙʠʩʝʢʮʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʘʨʘʣʣʝ-

ʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʪʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʭʦ-

ʪʷ ʙʳ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʧʘʨʘʣʣʝʣʠʟʤʘ. 

ʊʘʙʣʠʮʘ 1 
ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʧʦ ʧʷʪʠʙʘʣʣʴʥʦʡ ʰʢʘʣʝ 

 

ʄʝʪʦʜ ʜʝʢʦʤʧʦʟʠʮʠʠ 
ʂʘʯʝʩʪʚʦ 

ʨʘʟʙʠʝʥʠʷ 

ɺʨʝʤʷ 

 ʚʳʧʦʣʥʝʥʠʷ 

ʉʧʦʩʦʙʥʦʩʪʴ ʢ  

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʶ 

ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜ r    

ʈʝʢʫʨʩʠʚʥʘʷ  

ʢʦʦʨʜʠʥʘʪʥʘʷ ʙʠʩʝʢʮʠʷ 
1 5 4 

ʈʝʢʫʨʩʠʚʥʘʷ ʠʥʝʨʮʠʦʥʥʘʷ ʙʠʩʝʢʮʠʷ 2 5 4 

ɼʝʢʦʤʧʦʟʠʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ    

ʟʘʧʦʣʥʷʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʨʠʚʳʭ 
3 4 4 

ʂʦʤʙʠʥʘʪʦʨʥʳʝ ʤʝʪʦʜʳ    

ɸʣʛʦʨʠʪʤ ʜʝʣʝʥʠʷ ʩ ʫʯʝʪʦʤ          

ʩʚʷʟʥʦʩʪʠ 
3 4 3 

ɸʣʛʦʨʠʪʤ ʂʝʨʥʠʛʘʥʘ-ʃʠʥʘ ʠ          

ʌʠʜʫʯʯʠ-ʄʘʪʪʝʡʩʝʩʘ 
4 3 2 

ʉʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ 4 2 3 

ʄʥʦʛʦʫʨʦʚʥʝʚʳʡ ʧʦʜʭʦʜ 5 4 3 
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ʈʠʩ. 18. ʄʦʜʝʣʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʥʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʪʨʝʫʛʦʣʴʥʦʡ 

ʩʝʪʢʝ ʧʨʠ ʧʦʫʟʣʦʚʦʤ ʨʘʟʙʠʝʥʠʠ ʜʣʷ ʧʷʪʠ (ʘ, ʚ, ʜ) ʠ ʚʦʩʴʤʠ (ʙ, ʛ, ʝ) ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥ-

ʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʢʫʨʩʠʚʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʙʠʩʝʢʮʠʠ (ʘ, ʙ), ʤʝʪʦʜʘ ʤʥʦʛʦʫʨʦʚʥʝ-

ʚʦʡ ʙʠʩʝʢʮʠʠ (ʚ, ʛ) ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʥʦʛʦʫʨʦʚʥʝʚʦʛʦ ʧʦʜʭʦʜʘ (ʜ, ʝ)  
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