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ʋɼʂ 004.93'11 

 

ʄɽʊʆɼ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆʁ ʉɽɻʄɽʅʊɸʎʀʀ 

ʕʇʀʃɽʇʊʀʏɽʉʂʀʍ ʈɸɿʈʗɼʆɺ ɺ ʕʕɻ ʂʈʓʉ 

 
 ɺ. ɽ. ɸʥʮʠʧʝʨʦʚ, ʖ. ɺ. ʆʙʫʭʦʚ 

ʀʥʩʪʠʪʫʪ ʨʘʜʠʦʪʝʭʥʠʢʠ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʠʤ. ɺ.ɸ. ʂʦʪʝʣʴʥʠʢʦʚʘ ʈɸʅ 

 

ʉʪʘʪʴʷ ʧʦʩʪʫʧʠʣʘ ʚ ʨʝʜʘʢʮʠʶ 8 ʥʦʷʙʨʷ 2016 ʛ. 

 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʨʘʙʦʪʳ - ʘʢʪʫʘʣʴʥʘʷ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʵʧʠʣʝʧʩʠʠ ʟʘʜʘʯʘ ʧʦʠʩʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʩʝʛʤʝʥʪʘʮʠʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʟʘʧʠʩʷʭ ʕʕɻ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʧʨʝʜʣʦʞʝʥ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʩʠʛʥʘʣʦʚ ʤʝʪʦʜ ʦʮʝʥʠʚʘʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʭʘʨʘʢʪʝʨʝ ʜʠʥʘʤʠʢʠ ʧʝʨʠʦʜʘ, ʩʝʛʤʝʥʪʘʮʠʝʡ 

ʜʘʥʥʳʭ. ʄʝʪʦʜ ʦʙʲʝʜʠʥʷʝʪ ʦʩʥʦʚʥʳʝ ʠʜʝʠ ʜʚʫʭ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʭʩʷ 

ʧʦʜʭʦʜʦʚ ï ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ (ʚʝʡʚʣʝʪʥʦʛʦ) ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʯʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʇʦʜʦʙʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʫʜʘʣʦʩʴ 

ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʦʣʦʛʠʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ʄʂɸ) ʠ ʪʝʭʥʠʢʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʝʪʦʜʘ ï 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂɸ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʩʠʛʥʘʣʦʚ, ʘ ʥʝ 

ʥʘ ʠʭ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ. ɺ ʨʘʙʦʪʝ ʧʦʜʨʦʙʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʰʘʛʠ ʩʠʥʪʝʟʘ ʪʘʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʯʠʥʘʷ ʩ ʄʂɸ 

ʦʮʝʥʢʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʦ ʣʠʥʝʡʥʳʭ ʧʨʦʮʝʜʫʨ ʝʝ ʦʢʦʥʥʦʛʦ 

ʚʟʚʝʰʠʚʘʥʠʷ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʩʢʦʣʴʟʷʱʠʤ ʦʢʥʦʤ. 

ʊʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʩʜʚʠʥʫʪʳʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ, ʩʣʝʜʫʝʪ ʨʘʩʮʝʥʠʚʘʪʴ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʠʝʤ.   

ɺʩʝ ʰʘʛʠ ʩʠʥʪʝʟʘ ʄʂɸ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʥʠʭ ʧʨʦʮʝʜʫʨʳ 

ʩʝʛʤʝʥʪʘʮʠʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʳ ʚ ʨʘʙʦʪʝ ʥʘ ʧʨʠʤʝʨʝ ʨʘʟʤʝʯʝʥʥʦʡ ʵʢʩʧʝʨʪʦʤï

ʥʝʡʨʦʬʠʟʠʦʣʦʛʦʤ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ ʢʨʳʩʳ. ʇʦʣʫʯʝʥʥʳʝ ʥʘ ʨʝʘʣʴʥʦʡ 

ʟʘʧʠʩʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʘʥʫʪ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ 

ʩʝʛʤʝʥʪʘʮʠʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʘʩʪʦʪʥʦīʚʨʝʤʝʥʥʦʡ ʘʥʘʣʠʟ ʕʕɻ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʳ ʩʝʛʤʝʥʪʘʮʠʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ. 

Abstract. The focus of the paper is the problem of developing effective methods for 

automated segmentation of epileptic seizures in EEG recordings intended for the 

diagnosis of epilepsy. As a solution to the problem the new method is proposed. This 

method is based on the analysis of non-stationary, containing quasi-periodic 
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fragments signal, comprising local period estimation procedure followed by 

identification of period dynamics characteristics in order to segment fragments with 

repeating oscillations. The method proposed combines two basic ideas of existing 

approaches ï multiscale (wavelet) analysis and synthesis of the quadratic timeï

frequency representations. The union of these approaches could be carried out in the 

framework of the previously proposed methodology of multiscale correlation analysis 

(MCA) and the analytical spectra technique.  

A hallmark of the main tools of the method ï special MCA representations ï is that 

they, in contrast to classical approaches, are focused on the time domain, rather than 

on frequency domain. The paper discusses in detail the successive steps of synthesis 

of such representations in the time domain, from MCA estimation of the 

autocorrelation function to linear procedures such as window weighting and matched 

filtering with a special sliding window. The fact that the effective realization of the 

synthesized representations is based on shifted analytical spectra, should be 

considered nothing more than a convenient technique. 

All MCA synthesis steps and segmentation procedure characteristics are illustrated 

by real rat EEG recording marked by a neurophysiologistïexpert. Taking into 

account the results obtained by a real recording, we conclude that the synthesized 

method will be one of the most promising tools for the automatic segmentation of 

epileptic seizures.  

Key words:  timeīfrequency EEG analysis, automated epileptic seizure detection 

methods, multiscale correlational analysis, analytic spectra. 
 

 

ɺʚʝʜʝʥʠʝ 

ʕʧʠʣʝʧʩʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʥʝʟʘʧʥʦ ʚʦʟʥʠʢʘʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ 

ʧʦʚʝʜʝʥʠʠ ʞʠʚʦʪʥʳʭ (ʯʝʣʦʚʝʢʘ) ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʨʝʟʤʝʨʥʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʢʦʨʢʦʚʳʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. ʊʘʢʦʛʦ ʨʦʜʘ ʛʠʧʝʨʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʚʠʜʝ ʭʨʦʥʠʯʝʩʢʠʭ ʘʥʦʤʘʣʴʥʳʭ ʚʩʧʳʰʝʢ ʨʘʟʨʷʜʦʚ ʥʝʡʨʦʥʦʚ ï ʵʧʠʣʝʧʪʠʯʝʩʢʠʭ 

ʨʘʟʨʷʜʦʚ (ʕʈ) ʚ ʤʦʟʛʫ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʕʈ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʵʧʠʣʝʧʩʠʠ. 

ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʝʥ ʤʦʥʠʪʦʨʠʥʛ ʘʥʦʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ï ʕʈ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʤʤ (ʕʕɻ). ɺ ʕʕɻ ʘʢʪʠʚʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʕʈ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʁ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʧʦʣʠʤʦʨʬʥʳʭ 

ʢʦʣʝʙʘʥʠʡ (ʵʧʠʣʝʧʪʠʬʦʨʤ) ʩʠʛʥʘʣʘ (ʧʠʢʠ, ʚʦʣʥʳ ʠʣʠ ʢʦʤʧʣʝʢʩʳ ʧʠʢ-ʚʦʣʥʘ) ʩ 

ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʨʠʪʤʦʤ ʧʦʚʪʦʨʝʥʠʷ (ʩʤ. ʈʠʩ.1). ʏʘʩʪʦ ʕʈ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝʤ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ. ʇʦ ʵʪʠʤ ʧʨʠʟʥʘʢʘʤ ʦʪʜʝʣʴʥʳʝ ʨʘʟʨʷʜʳ 

(ʧʦʩʣʝ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʕʕɻ ï ʘʧʧʘʨʘʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, 
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ʧʨʝʜʫʩʠʣʝʥʠ ̫ʠ ʧʨ.) ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚʠʟʫʘʣʴʥʦ (ʚ ʩʣʦʞʥʳʭ ʩʣʫʯʘʷʭ ï 

ʵʢʩʧʝʨʪʘʤʠ). 

 

ʈʠʩ.1. ʂʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ ʕʕɻ ʩʠʛʥʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʬʨʘʛʤʝʥʪʘ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʦʪʨʝʟʦʢ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ ʢʨʳʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 6 ʩ (ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ ʚ ʧʦʣʦʩʝ 1.5 ï 30 ɻʮ), ʩʦʜʝʨʞʘʱʝʡ ʬʨʘʛʤʝʥʪ ʕʈ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ȹ ~ 2.8 ʩ. ɻʨʘʥʠʮʳ ʕʈ (ʮʚʝʪʦʚʦʡ ʬʦʥ) ʨʘʟʤʝʯʝʥʳ ʵʢʩʧʝʨʪʦʤï

ʥʝʡʨʦʬʠʟʠʦʣʦʛʦʤ. ʏʠʩʣʦ ʢʦʣʝʙʘʥʠʡ ʥʘ ʬʨʘʛʤʝʥʪʝ n ~ 20.  ʅʠʞʥʠʡ ʛʨʘʬʠʢ ï ʣʠʥʝʡʥʦ 

ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʕʕɻ ʚʨʫʯʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʝʡ T 

ʠʥʪʝʨʚʘʣʦʚ ʧʠʢ-ʧʠʢ. ɺ ʧʨʝʜʝʣʘʭ ʕʈ ʠʤʝʝʪ ʤʝʩʪʦ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴ ʩʠʛʥʘʣʘ ï ʚʳʩʦʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʝʥʠʡ T ~ 0.14 ʩ = ȹ /n (ʯʘʩʪʦʪr ʧʦʚʪʦʨʝʥʠʡ F = 1/T ~ 7.1 ɻʮ). 

ʇʨʦʙʣʝʤʘ, ʦʜʥʘʢʦ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʕʈ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ 

ʩʦʙʳʪʠʷʤʠ: ʚ ʪʝʯʝʥʠʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ ʘʤʙʫʣʘʪʦʨʥʦʡ ʕʕɻ (20 

ʤʠʥ) ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʕʈ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ 

ʠ ʘʥʘʣʠʟʘ ʕʈ ʧʨʠʭʦʜʠʪʩʷ ʦʙʨʘʱʘʪʴʩʷ ʢ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʮʝʜʫʨʘʤ 

ʜʣʠʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʕʕɻ. ʉʦʚʨʝʤʝʥʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʦʜʦʣʝʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʜʣʠʪʝʣʴʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʕʕɻ. ʆʜʥʘʢʦ, 

ʧʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʦ ʩʝʡ ʜʝʥʴ, ʧʦʩʢʦʣʴʢʫ ʧʦ-ʧʨʝʞʥʝʤʫ 

ʟʘʚʠʩʠʪ ʦʪ ñʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘò: ʚʠʟʫʘʣʴʥʳʡ ʦʙʟʦʨ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
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ʜʘʥʥʳʭ ʕʕɻ (ʥʘʧʨʠʤʝʨ, ʩʫʪʦʯʥʳʝ ʟʘʧʠʩʠ) ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴʩʷ ʥʝʦʙʲʝʢʪʠʚʥʳʤ ʚʚʠʜʫ ʫʩʪʘʣʦʩʪʠ ʵʢʩʧʝʨʪʘ ʠʣʠ ʧʦ ʠʥʤr ʧʨʠʯʠʥʘʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʢʦʣʝʙʘʥʠʷ ʚ ʕʕɻ ʟʘʧʠʩʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʥʝ 

ʪʦʣʴʢʦ ʩ ʕʈ, ʦʥʠ ʤʦʛʫʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʧʨʠ ʩʣʫʯʘʡʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʥʘʚʦʜʢʝ 

ʠʣʠ, ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʘʨʪʝʬʘʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ ʛʣʘʟ, ʤʳʰʝʯʥʦʡ 

ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʜʘʞʝ ʩ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʦʡ [1]. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʭr, ʥʝ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʯʝʣʦʚʝʢʘ ʤʝʪʦʜʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ/ʩʝʛʤʝʥʪʘʮʠʠ ʕʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫ  ʁʠ 

ʘʢʪʫʘʣʴʥʫ  ʁ ʟʘʜʘʯʫ ʢʘʢ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʵʧʠʣʝʧʩʠʠ, ʪʘʢ ʠ ʜʣʷ ʘʥʘʣʠʟʘ 

ʩʦʙʩʪʚʝʥʥʦ ʕʕɻ ʩʠʛʥʘʣʦʚ.  

ʆʪʧʨʘʚʣʷʷʩʴ ʦʪ ʭʘʨʘʢʪʝʨʥʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʕʈ, ʧʝʨʚʦʝ, ʯʪʦ 

ʧʨʠʭʦʜʠʪ ʚ ʛʦʣʦʚʫ ʧʨʠ ʚʳʙʦʨʝ ʦʩʥʦʚʳ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʠ 

ʩʝʛʤʝʥʪʘʮʠʠ ʨʘʟʨʷʜʦʚ ï ʵʪʦ ʘʜʘʧʪʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʀʩʪʦʨʠʯʝʩʢʠ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʕʈ [1,2]. ʆʜʥʘʢʦ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʪʨʘʜʠʮʠʦʥʥrʡ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ (ʥʘ ʦʩʥʦʚʝ ʦʢʦʥʥʦʡ ʌʫʨʴʝ-ʦʙʨʘʙʦʪʢʠ 

ʩʠʛʥʘʣʦʚ) ʤʘʣʦʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʟʘʜʘʯ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ 

ʵʪʦʛʦ, ʧʦʤʠʤʦ ʠʤʝʶʱʠʭʩʷ ʧʦʤʝʭ ʠ ʘʨʪʝʬʘʢʪʦʚ, ʩʦʩʪʦʠʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ȹ ʬʨʘʛʤʝʥʪʦʚ ʕʈ. ʅʘ ʧʨʘʢʪʠʢʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 

ʥʘʜʝʞʥʳʭ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʦʜʘʤʠ (ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ) 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʙʫʶʪʩʷ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʯʠʩʣʘ ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ 

n Ó 10 ʥʘ ʜʣʠʥʝ w ʦʢʥʘ ʘʥʘʣʠʟʘ. ɽʩʣʠ F ï ʩʨʝʜʥʷʷ ʯʘʩʪʦʪʘ ʠ T ï ʩʨʝʜʥʠʡ ʧʝʨʠʦʜ 

ʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʬʨʘʛʤʝʥʪʘ ʕʈ, ʪʦ w ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ w å 

nÖT = n /F. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʣ ̫ʪʠʧʠʯʥʳʭ ʕʈ ȹ ~ 10
1
ÖT, ʧʦʣʫʯʘʝʤ w Ó ȹ. ɺʤʝʩʪʝ ʩ 

ʪʨʝʙʦʚʘʥʠʝʤ ʩʦʭʨʘʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ/ʰʫʤ w Ò ȹ ʵʪʦ ʚʝʜʝʪ ʪʦʤʫ, ʯʪʦ 

ʰʠʨʠʥʘ ʦʢʥʘ w ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʪʝʢʫʱʝʛʦ (ʤʛʥʦʚʝʥʥʦʛʦ) ʩʧʝʢʪʨʘ ʕʈ ʠ 

ʜʣʠʪʝʣʴʥʦʩʪ ɹʩʘʤʦʛʦ ʕʈ ȹ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ w ~ ȹ. 

ʇʦʩʣʝʜʥʝʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʤʳʚʘʥʠʶ ʛʨʘʥʠʮ ʩʧʝʢʪʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʘʤʦʛʦ ʩʧʝʢʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ, ʭʦʪʷ ʟʘʜʘʯʘ 
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ʦʙʥʘʨʫʞʝʥʠʷ ʕʈ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʨʘʟʨʝʠhʤʘ, ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʕʈ ï ʟʘʜʘʯʘ ʩʝʛʤʝʥʪʘʮʠʠ ʠʟ-ʟʘ 

ʥʝʠʟʙʝʞʥʦʛʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʳʪʠʷ ʛʨʘʥʠʮ ʥʝ ʠʤʝʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ 

ʨʝʰʝʥʠʷ.    

 
ʈʠʩ.2. ʉʧʝʢʪʨʦʛʨʘʤʤʘ ʕʕɻ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʨʘʛʤʝʥʪ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʦʪʨʝʟʦʢ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ ʢʨʳʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1. ʅʠʞʥʠʡ 

ʛʨʘʬʠʢ ï ʝʛʦ ʩʧʝʢʪʨʦʛʨʘʤʤʘ ȿὛ Ὢȿ (ʤʘʢʩʠʤʫʤʳ ʩʚʝʪʣʳʝ, ʤʠʥʠʤʫʤʳ ʪʝʤʥʳʝ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʰʢʘʣʦʡ ʩʧʨʘʚʘ), ʚʳʧʦʣʥʝʥʥʘʷ ʩ ʦʢʥʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ w ~ 1 ʩ. ʅʘ 

ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʚ ʦʙʣʘʩʪʠ ʬʨʘʛʤʝʥʪʘ ʕʈ (ʮʚʝʪʦʚʦʡ ʬʦʥ) ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʘ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʢʦʤʧʦʥʝʥʪʘ ʩ  F  ~ 7 ɻʮ ʠ ʝʝ ʛʘʨʤʦʥʠʢʠ, ʭʦʪʷ ʠʭ ʛʨʘʥʠʮʳ ʧʣʦʭʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʮʘʤ ʕʈ. 

ʅʘ ʈʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ, ʩ ʦʢʥʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ w ~ 1 ʩ,  

ʩʧʝʢʪʨʦʛʨʘʤʤʘ ȿὛ Ὢȿ (ʩʤ. (15)) ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʈʠʩ.1 ʟʘʧʠʩʠ ʕʕɻ. 

ʇʦʩʢʦʣʴʢʫ ʯʠʩʣʦ ʧʦʣʥʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘ ʠʥʪʝʨʚʘʣʝ ʚʳʙʨʘʥʥʦʛʦ ʦʢʥʘ n ~ 10, 

ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʚʧʦʣʥʝ ʥʘʜʝʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʠ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʥʘ ʯʘʩʪʦʪʝ F ~ 7 ɻʮ ʚ ʦʙʣʘʩʪʠ ʕʈ. ʆʜʥʘʢʦ, ʛʨʘʥʠʮʳ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʣʝʚʘʷ ʛʨʘʥʠʮʘ) ʬʨʘʛʤʝʥʪʘ ʕʈ ʦʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʤʳʪʳ ï  ʥʘ ʚʝʣʠʯʠʥʫ w ~ 1 ʩ (ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʕʈ ȹ ~ 2.8 ʩ). ɹʦʣʝʝ ʪʦʛʦ, 

ʥʘʣʠʯʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʯʘʣʦʤ 
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ʬʨʘʛʤʝʥʪʘ ʕʈ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʩʘʯʠʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʥʳʭ ʛʘʨʤʦʥʠʢ 

~ 3 ʠ 6 ɻʮ ʚʥʫʪʨʴ ʛʨʘʥʠʮʳ ʕʈ, ʩʠʣʴʥʦ ʝʝ ʨʘʟʤʳʚʘʷ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʢʣʘʩʩʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʛʨʘʤʤʘ, ʦʙʥʘʨʫʞʠʚ ʕʈ, ʦʮʝʥʠʚʘʝʪ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʪʦʣʴʢʦ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʨʷʜʢʘ ʩʘʤʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ, ʘ ʵʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʥʝʧʨʠʝʤʣʝʤʦ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʥʝ ʛʦʜʠʪʩʷ ʜʣʷ ʟʘʜʘʯ, ʛʜʝ ʩʫʤʤʘʨʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʩʝʭ ʕʈ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʥʘʙʣʶʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ 

ʧʘʨʘʤʝʪʨʦʤ.  

ʅʘʯʠʥʘʷ ʩ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʤʝʪʦʜʦʚ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ ʘʢʪʠʚʥʳʝ ʫʩʠʣʠʷ ʧʦ 

ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʩʝʛʤʝʥʪʘʮʠʠ ʕʈ ʩʨʘʟʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ [1]. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʜʣʦʞʠʣʠ ʜʦʧʦʣʥʠʪʴ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʧʘʨʘʤʝʪʨʳ (ʨʝʟʫʣʴʪʘʪ ʣʠʥʝʡʥʦʡ ʦʙʨʘʙʦʪʢʠ) ʨʷʜʦʤ ʥʝʣʠʥʝʡʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 

ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʪʝʧʝʥʴʶ ʭʘʦʪʠʯʥʦʩʪʠ ʜʠʥʘʤʠʢʠ ʩʠʛʥʘʣʘ. ʇʦʤʠʤʦ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ï ʩʨʝʜʥʝʡ ʯʘʩʪʦʪʳ, ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʧʠʢʦʚʳʭ ʯʘʩʪʦʪ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ, ʦʪʨʘʞʘʶʱʠʝ ʤʝʨʫ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ / ʭʘʦʪʠʯʥʦʩʪʠ 

ʕʕɻ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʵʢʩʧʦʥʝʥʪʳ ʃʷʧʫʥʦʚʘ, Kï

ʵʥʪʨʦʧʠʶ (ʵʥʪʨʦʧʠʶ ʂʦʣʤʦʛʦʨʦʚʘ) ʠ ʜʨʫʛʠʝ ʚʠʜʳ ʵʥʪʨʦʧʠʝʡ [3]. ɺʪʦʨʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʝʡʩʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʪʝʦʨʠʝʡ ʢʚʘʜʨʘʪʠʯʥʳʭ ʯʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, 

ʦʙʦʙʱʘʶʱʠʭ ʢʣʘʩʩʠʯʝʩʢʠʝ ʩʧʝʢʪʨʦʛʨʘʤʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʋʠʣʴʷʤʩ ʠ ʜʨ. [4] 

ʧʨʝʜʣʦʞʠʣʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʕʈ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ RIDï

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ï ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʧʘʨʘʟʠʪʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʢʦʤʧʦʥʝʥʪ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʪʨʝʪʴʝʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʌʫʨʴʝ-

ʘʥʘʣʠʟʘ ʩʪʘʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟ ʚʤʝʩʪʝ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʥʝʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʥʝʯʝʪʢʠʝ ʢʣʘʩʩʠʬʠʢʘʪʦʨʳ ʠ ʪ.ʜ.) 

[5]. ʇʝʨʝʭʦʜ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʢ ʧʨʦʩʪʨʘʥʩʪʚʫ ʤʘʩʰʪʘʙʦʚ 

(ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʡʚʣʝʪ-ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʦʧʨʘʚʜʘʥ ʪʝʤ, ʯʪʦ ʜʣʷ ʘʥʘʣʠʟʘ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʩʠʛʥʘʣʦʚ (ʕʕɻ) ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʩʪʴ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ 

ʧʝʨʝʜ ʦʢʦʥʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ, ʟʘʜʘʥʥʳʤ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʢʥʘ w 

ʤʘʩʰʪʘʙʦʤ. ʄʥʦʛʦʤʘʩʰʪʘʙʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʣʦʢʘʣʠʟʘʮʠʶ ʚʦ 
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ʚʨʝʤʝʥʠ ʯʘʩʪʦʪʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʵʬʬʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ 

ʠʥʪʝʨʝʩʫʶʱʠʭ ʩʦʙʳʪʠʡ, ʜʝʣʘʝʪ ʦʙʨʘʙʦʪʢʫ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʛʣʘʜʢʦʩʪʠ 

ʩʠʛʥʘʣʘ ʠ ʪ.ʜ.  

ɺ ʢʘʞʜʦʤ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʥʘʧʨʘʚʣʝʥʠʡ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ. ʆʜʥʘʢʦ, ʜʦ ʩʠʭ ʧʦʨ 

ʪʘʢ ʠ ʥʝ ʙʳʣ ʚʳʨʘʙʦʪʘʥ ʦʙʱʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʧʨʠʛʦʜʥʳʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʕʕɻ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʘʣʠʟʘ ʕʈ [6]. 

ɺʧʨʦʯʝʤ, ʚʚʠʜʫ ʩʣʦʞʥʦʡ ʧʨʠʨʦʜʳ ʕʕɻ ʩʠʛʥʘʣʘ, ʩʦʟʜʘʥʠʝ ʪʘʢʦʛʦ 

ʚʩʝʦʙʲʝʤʣʶʱʝʛʦ ʧʦʜʭʦʜʘ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʚʨʷʜ ʣʠ ʦʩʫʱʝʩʪʚʠʤʦ. 

ʇʦʵʪʦʤʫ, ʥʘʯʠʥʘʷ ʩ ʨʘʙʦʪʳ [7], ʥʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʟʤʦʞʥʦ ʙʦʣʴʰʝʛʦ 

ʯʠʩʣʘ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʕʕɻ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 

ʦʙʲʝʜʠʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʠʜʝʡ ʜʚʫʭ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʦʜʭʦʜʦʚ ï 

ʤʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ (ʚʝʡʚʣʝʪʥʦʛʦ) ʘʥʘʣʠʟʘ ʠ ʵʣʝʤʝʥʪʦʚ ʩʠʥʪʝʟʘ ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʯʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʊʘʢʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʫʜʘʣʦʩʴ ʨʝʘʣʠʟʦʚʘʪʴ 

ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʩʠʛʥʘʣʦʚ, ʥʘʟʚʘʥʥʦʡ ʥʘʤʠ 

ʄʥʦʛʦʤʘʩʰʪʘʙʥʳʤ ʂʦʨʨʝʣʷʮʠʦʥʥʳʤ ɸʥʘʣʠʟʦʤ (ʄʂɸ) [8]. ʋʞʝ ʥʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ ʧʨʠʤʝʥʝʥʠʷ ʄʂɸ ʢ ʟʘʜʘʯʘʤ ʘʥʘʣʠʟʘ ʕʕɻ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʷʜ ʟʥʘʯʠʤʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ [9,10]. ɼʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʟʘʜʘʯʘʤ ʩʝʛʤʝʥʪʘʮʠʠ ʕʈ ʠ ʧʦʣʫʯʝʥʥʳʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʩʚʷʱʝʥʘ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ.  

ʏʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʕʕɻ ʢʦʵʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʤʝʪʠʪʴ ʣʦʛʠʢʫ ʩʠʥʪʝʟʘ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʄʂɸ, 

ʥʘʧʦʤʥʠʤ ʚʢʨʘʪʮʝ, ʩʣʝʜʫʷ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʝ [11], ʦʩʥʦʚʥʫʶ ʠʜʝʶ ʩʠʥʪʝʟʘ 

ʢʚʘʜʨʘʪʠʯʥʳʭ ʯʘʩʪʦʪʥʦïʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʏɺʇ). ʅʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʏɺʇ ̫ʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ʢʦʵʥʦʚʩʢʠʡ ʢʣʘʩʩ, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ  ὅ ὸȟὪȠɮ  ʠʤʝʶʪ ʚʠʜ: 

 ὅ ὸȟὪȠɮ ᷿᷿ ɮὸ όȟὪ ‚ὡ όȟ‚ὨόὨ‚ ȟ

ὡ όȟ‚ ᾀ᷿ό †ςϳ ᾀᶻό †ςϳ Ὡὼὴς“Ƕ†‚Ὠ†
 ,  (1) 
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ʛʜʝ ᾀό ï ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʩʠʛʥʘʣ, ᾀᶻό ï ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʧʨʷʞʝʥʠʝ,  ὡ όȟ‚ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʠʛʥʝʨʘ ᾀό, ɮόȟ‚ ï ʜʚʫʤʝʨʥʦʝ 

ʩʛʣʘʞʠʚʘʶʱʝʝ ʦʢʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʠʜʘʶʱʝʝ ʵʣʝʤʝʥʪʘʤ ʂʦʵʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ 

 ὅ ὸȟὪȠɮ  ʟʘʜʘʥʥʳʝ ʩʚʦʡʩʪʚʘ, Ƕ ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (1), ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʠʛʥʝʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦ 

ʠʩʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʤʫ, ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʦʝ 

ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʝ (ʢʚʘʜʨʘʪʫʨʥʦʝ) ʧʨʝʜʩʪʘʚʣʝʥʠʝ ᾀό. ʆʙʳʯʥʦ ʵʪʦ ʜʝʣʘʝʪʩʷ ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ, ʥʘʧʨʠʤʝʨ, ʯʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʚ  ὅ ὸȟὪȠɮ  ʦʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʘʩʪʦʪ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʢʮʝʥʪʳ ʩʤʝʱʝʥʳ ʥʘ ʘʥʘʣʠʟ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʢʦʤʧʣʝʢʩʥʘ ̫ʬʦʨʤʘ ʩʠʛʥʘʣʘ ʥʠ ʢ 

ʢʘʢʠʤ ʫʧʨʦʱʝʥʠʷʤ ʚ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʩʤʦʪʨʝʥʠʷʭ ʥʝ ʚʝʜʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʫʜʝʤ 

ʜʘʣʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʛʥʘʣ ᾀό ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ, ʚ ʪʦʯʥʦʩʪʠ 

ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʘʥʘʣʠʟʠʨʫʝʤʳʤ ʠʩʭʦʜʥʳʤ.  

ʌʦʨʤʘʣʴʥʦ, ʠʟ ʧʝʨʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (1) ʩʣʝʜʫʝʪ, ʯʪʦ  ὅ ὸȟὪȠɮ  ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʪʦʨʦʡ ʩʛʣʘʞʝʥʥʦʡ ʚʝʨʩʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʠʛʥʝʨʘ ὡ όȟ‚, ʢʦʪʦʨʦʝ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:   

ὡ όȟ‚ Ὑ᷿ όȟ†Ὡὼὴς“Ƕ†‚Ὠ† ȟ

Ὑ όȟ† ᾀό †ςϳ ᾀό †ςϳ
 .   (2) 

ɺʝʣʠʯʠʥʫ Ὑ όȟ† ʚ (2) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʬʫʥʢʮʠʝʡ ñʤʛʥʦʚʝʥʥʦʡ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʠò (ʤʛʥʦʚʝʥʥʦʡ ɸʂʌ) [11]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ 

ʪʦʯʥʳʤ ʜʣʷ Ὑ όȟ† ʙʳʣʦ ʙʳ ʥʘʟʚʘʥʠʝ ʤʛʥʦʚʝʥʥʘ ̫ʥʝʩʤʝʱʝʥʥʘ ̫ʦʮʝʥʢʘ ɸʂʌ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʫʩʨʝʜʥʠʪʴ Ὑ όȟ† (2) ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʠʟʘʮʠʡ, ʪʦ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʝʟʫʣʴʪʘʪ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʨʘʟʥʦʩʪʠ ʘʨʛʫʤʝʥʪʦʚ, 

ʧʦʣʫʯʠʪʩʷ ʚ ʪʦʯʥʦʩʪʠ ñʪʝʦʨʝʪʠʯʝʩʢʘò̫ ɸʂʌ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

Ὑ † ộᾀό †ςϳ ᾀό †ςϳ Ớ.  

ɺ ʢʦʥʪʝʢʩʪʝ ʩʦʦʪʥʦʰʝʥʠʡ (2) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʠʛʥʝʨʘ ὡ όȟ‚ ʷʚʣʷʝʪʩʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ ʦʪ ʤʛʥʦʚʝʥʥʦʡ ɸʂʌ Ὑ όȟ†. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ὡ όȟ‚ ʢʘʢ ʦʮʝʥʢʫ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ὔ ‚ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ộᾀ όỚ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʩʣʫʯʘʝ ʫʩʨʝʜʥʠʪʴ ʧʝʨʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ (2) ʧʦ ʘʥʩʘʤʙʣʶ ʨʝʘʣʠʟʘʮʠʡ ʠ 
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ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʦʨʝʤʦʡ ɺʠʥʝʨʘïʍʠʥʯʠʥʘ, ʩʚʷʟʳʚʘʶʱʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʌʫʨʴʝ ɸʂʌ  Ὑ † c ὔ ‚, ʪʦ ʧʦʣʫʯʠʤ ộὡ όȟ‚Ớ ὔ ‚. ʇʨʦʙʣʝʤʘ ʪʘʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʮʝʥʠʚʘʝʤʘʷ ʚʝʣʠʯʠʥʘ ὔ ‚ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʘ ʝʝ ʦʮʝʥʢʘ ὡ όȟ‚ (2) ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʉ ʪʝʤ, ʯʪʦʙʳ ʥʠʚʝʣʠʨʦʚʘʪʴ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ, 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʢʦʣʴʟʷʱʝʝ ʩʛʣʘʞʠʚʘʥʠʝ ὡ όȟ‚ ʩ ʥʝʢʦʪʦʨʳʤ ʦʢʥʦʤ ɮόȟ‚. 

ɸʥʘʣʦʛʠʯʥʦ, ʚ ʦʙʱʝʤ, ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ñʩʛʣʘʞʝʥʥʘʷò (ʣʦʢʘʣʴʥʦ 

ʫʩʨʝʜʥʝʥʥʘʷ) ʦʮʝʥʢʘ  ὅ ὸȟὪȠɮ  (1) ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʦʮʝʥʢʦʡ, ñʟʘʚʠʩʷʱʝʡ ʦʪ 

ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠò ὔ ὸȟὪ ộὡ ὸȟὪỚ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʦʢʥʘ ɮόȟ‚ ʤʦʞʥʦ, ʧʦʤʠʤʦ 

ʧʨʦʯʝʛʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʠʪʴ ʧʘʨʘʟʠʪʥʳʝ ʤʝʞʢʦʤʧʦʥʝʥʪʥʳʝ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ ʯʣʝʥʳ, ʥʝʠʟʙʝʞʥʳʝ ʜʣʷ ʚʩʝʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʏɺʇ (ʩʤ. [11] 

ʧʦ ʧʦʚʦʜʫ RIDïʧʨʝʜʩʪʘʚʣʝʥʠʡ) ʠ ʜʦʙʠʪʴʩʷ ʨʷʜʘ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʩʚʦʡʩʪʚ.  

ʈʝʟʶʤʠʨʫʷ ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʰʝ ʦʙʩʫʞʜʝʥʠʝ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʫʶ ʮʝʣʴ ʩʠʥʪʝʟʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʏɺʇ (1) ʢʘʢ ʞʝʣʘʥʠʝ ʧʦʩʪʨʦʠʪʴ ʪʘʢʠʝ 

ʟʘʚʠʩʷʱʠʝ ʦʪ ʚʨʝʤʝʥʠ ʦʮʝʥʢʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ὔ ὸȟὪ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʙʳ ʝʱʝ ʠ ʥʝʢʦʪʦʨʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ (ʧʦʣʦʞʠʪʝʣʴʥʦʩʪʠ, ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʦʚʘʨʠʘʥʪʥʦʩʪʠ ʢ 

ʯʘʩʪʦʪʥʳʤ ʠʣʠ / ʠ ʚʨʝʤʝʥʥʳʤ ʩʜʚʠʛʘʤ ʠ ʪ.ʜ., ʩʤ. [11]). ʇʨʠ ʵʪʦʤ, ʷʚʥʦ ʠʣʠ 

ʥʝʷʚʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩ,̫ ʯʪʦ ὔ ὸȟὪ ʠʤʝʝʪ ʚʳʨʘʞʝʥʥʳʝ, ʫʟʢʠʝ ʤʘʢʩʠʤʫʤʳ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʭ ʯʘʩʪʦʪ. ʇʦʩʣʝʜʥʝʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʫʟʢʦʧʦʣʦʩʥʦʩʪ ɹ

ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ᾀὸ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʞʜʦʡ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʠʤ 

ʯʘʩʪʦʪʘʤ ʢʦʤʧʦʥʝʥʪ. ɼʣʷ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʦʩʪʨʳʝ ʤʘʢʩʠʤʫʤʳ ʏɺʇ  ὅ ὸȟὪȠɮ  

(1), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʛʥʘʣʘ, ʠʤʝʶʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ 

ʚʨʝʤʝʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʠʭ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʧʦʜʙʦʨʦʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʢʦʥ ɮόȟ‚. 

ʀʟ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʦʙʩʫʞʜʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ 

ʵʬʬʝʢʪʠʚʥʦ ʏɺʇ ʚʠʜʘ (1) ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʕʈ, ʩʚʦʜʠʪʩʷ ʢ 

ʚʦʧʨʦʩʫ ʦ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʧʨʘʚʦʤʝʨʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʕʈ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʫʟʢʦʧʦʣʦʩʥʳʭ ʢʦʤʧʦʥʝʥʪ. ʅʘ ʈʠʩ.3 ʧʨʠʚʝʜʝʥʘ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʤʛʥʦʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ (ʩʧʝʢʪʨʦʛʨʘʤʤʳ) ȿὛ Ὢȿ, ʚʳʯʠʩʣʝʥʥʦʛʦ ʪʦʯʥʦ 

ʧʦʩʝʨʝʜʠʥʝ ʬʨʘʛʤʝʥʪʘ ʕʈ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1 ʕʕɻ. ʀʟʚʝʩʪʥʦ [11], ʯʪʦ 

ȿὛ Ὢȿ ʷʚʣʷʝʪʩʷ ʏɺʇ ʂʦʵʥʦʚʩʢʦʛʦ ʢʣʘʩʩʘ (1) ʧʨʠ ʚʳʙʦʨʝ ʩʛʣʘʞʠʚʘʶʱʝʛʦ 

ʦʢʥʘ ʚ ʚʠʜʝ ɮόȟ‚ ὡ όȟ‚, ʛʜʝ ὡ όȟ‚ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ɺʠʛʥʝʨʘ (2) ʜʣʷ 

ʦʢʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ύό. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ȿὛ Ὢȿ  ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʩʦʜʝʨʞʠʪ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʥʘ ʯʘʩʪʦʪʘʭ F ~ 7, 

14.5, 22 ɻʮ. ʅʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʷʚʣʷʶʪʩʷ ʧʦʣʥʦʩʪʴʶ 

ʥʝʟʘʚʠʩʠʤʳʤʠ ï ʢʨʘʪʥʦʩʪʴ ʯʘʩʪʦʪ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʢʦʨʝʝ 

ʛʘʨʤʦʥʠʢʘʤʠ ʦʜʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ, ʥʦ ʥʝ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʥʝʞʝʣʠ 

ʧʨʦʠʟʚʦʣʴʥʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ.   

 

ʈʠʩ.3. ʇʨʦʬʠʣʴ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʕʕɻ ʩʠʛʥʘʣʘ ʚ ʮʝʥʪʨʝ ʬʨʘʛʤʝʥʪʘ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1. ʅʠʞʥʠʡ ʛʨʘʬʠʢ 

ï ʩʝʯʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ȿὛ Ὢȿ ʩ ʦʢʥʦʤ ʜʣʠʪʝʣʴʥʦʩʪʠ w ~ 1 ʩ (ʈʠʩ. 2) (ʚ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ) ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʝʨʝʜʠʥʝ ʨʘʟʤʝʯʝʥʥʦʛʦ 

ʵʢʩʧʝʨʪʦʤïʥʝʡʨʦʬʠʟʠʦʣʦʛʦʤ ʕʈ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʤʝ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʳ ʥʘ ʯʘʩʪʦʪʘʭ F ~ 7, 14.5, 22 ɻʮ. 
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ʇʦʩʣʝʜʥʝʝ ʟʘʤʝʯʘʥʠʝ ʜʝʪʘʣʴʥʦ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʨʘʙʦʪʝ [10]. ɺ ʵʪʦʡ ʨʘʙʦʪʝ 

ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ ʕʈ ʙʳʣ ʦʙʦʩʥʦʚʘʥ ʪʝʟʠʩ ʦ ʪʦʤ, ʯʪʦ ʥʘʠʣʫʯʰʝʡ 

ʤʦʜʝʣʴʶ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʪʥʝʩʪʠ ʵʧʠʣʝʧʪʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ, ʷʚʣʷʝʪʩʷ 

ʢʣʘʩʩ ʰʠʨʦʢʦʧʦʣʦʩʥʳʭ ʠʤʧʫʣʴʩʥʳʭ ʩʠʛʥʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤ ʨʠʪʤʦʤ ʩʣʝʜʦʚʘʥʠʷ 

ʠʤʧʫʣʴʩʦʚ. ʀʟʚʝʩʪʥʦ [12], ʯʪʦ ʩʧʝʢʪʨ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʠʤʝʝʪ ʬʦʨʤʫ, ʧʦʜʦʙʥʫʶ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.3, ʘ ʘʥʘʣʠʟ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚʦ 

ʚʨʝʤʝʥʥʦʡ ʦʙʣʘʩʪʠ (ʚʘʨʠʘʥʪʳ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʦʛʣʘʩʦʚʘʥʥʘʷ ʬʠʣʴʪʨʘʮʠʷ). ʇʦʵʪʦʤʫ ʜʣʷ ʘʥʘʣʠʟʘ ʕʈ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʩʠʥʪʝʟ ʩʠʛʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ 

(ʣʘʛʠ ɸʂʌ), ʘ ʥʝ ʥʘ ʯʘʩʪʦʪʥʳʡ ʩʦʩʪʘʚ. ɼʘʥʥʳʡ ʩʠʥʪʝʟ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ʦʩʥʦʚʝ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʨʘʥʝʝ ʤʝʪʦʜʦʣʦʛʠʠ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʩʠʛʥʘʣʦʚ ï ʤʝʪʦʜʦʣʦʛʠʠ ʄʥʦʛʦʤʘʩʰʪʘʙʥʦʛʦ 

ʂʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ɸʥʘʣʠʟʘ (ʄʂɸ) [8]. 

ʉʠʥʪʝʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂɸ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʜʣʷ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ 

ʕʈ ʕʕɻ 

ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʩʠʥʪʝʟʘ ʤʘʩʰʪʘʙʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʨʘʤʢʘʭ ʄʂɸ, ʪʘʢ ʞʝ, ʢʘʢ ʠ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ (1,2), ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʘʷ ʦʮʝʥʢʘ ɸʂʌ. ʆʜʥʘʢʦ ʚ 

ʄʂɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ñʤʛʥʦʚʝʥʥʘʷ ʘʚʪʦʢʦʨʨʝʣʷʮʠʷò Ὑ όȟ† (2), ʚʳʯʠʩʣʝʥʥʘʷ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ u, ʘ ʠʥʪʝʛʨʘʣʴʥʘʷ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʩʠʩʪʝʤʘ ʦʢʨʝʩʪʥʦʩʪʝʡ u. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯʘʭ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ 

ʩʧʝʮʠʘʣʠʩʪʳ ʪʘʢʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ 

ʠʥʪʝʛʨʘʣʴʥʳʝ ʦʮʝʥʢʠ ɸʂʌ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʦʮʝʥʦʢ ɸʂʌ [13]. ɺ ʨʘʤʢʘʭ ʄʂɸ, ʛʜʝ ʧʝʨʝʤʝʥʥʘʷ †  ʷʚʣʷʝʪʩʷ  ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʩʤʝʞʥʳʭ ʢʦʨʨʝʣʠʨʫʝʤʳʭ ʠʥʪʝʨʚʘʣʦʚ ʩʠʛʥʘʣʘ (ʤʘʩʰʪʘʙʦʤ), 

ʦʮʝʥʢʘ ɸʂʌ ʚʳʙʠʨʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [14]: 

 Ὑ όȟ†
ȿȿ᷿

ᾀόᴂ †ςϳ ᾀόᴂ †ςϳ Ὠόᴂ
ȿȿϳ

ȿȿϳ
.   (3) 
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ʅʝʩʣʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʩʨʝʜʥʝʥʠʝ Ὑ όȟ† (3) ʧʦ ʘʥʩʘʤʙʣʶ 

ʨʝʘʣʠʟʘʮʠʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ ʜʘʝʪ ʚ ʪʦʯʥʦʩʪʠ ñʪʝʦʨʝʪʠʯʝʩʢʫʶò ɸʂʌ  

Ὑ † ộᾀό †ςϳ ᾀό †ςϳ Ớ, ʪ.ʝ. (3) ʷʚʣʷʝʪʩʷ ʝʝ ʥʝʩʤʝʱʝʥʥʦʡ ʦʮʝʥʢʦʡ. 

ʆʮʝʥʢʘ (3) ʪʘʢ ʞʝ, ʢʘʢ ʠ Ὑ όȟ† (2) ʦʙʣʘʜʘʝʪ ʩʠʤʤʝʪʨʠʝʡ ʧʦ ʧʘʨʘʤʝʪʨʫ †: 

Ὑ όȟ† Ὑ όȟ†. ʈʷʜ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ (3) ʦʙʩʫʞʜʘʣʩ ̫ʚ ʨʘʙʦʪʘʭ [7-10, 

13-15]. ɺ ʢʦʥʪʝʢʩʪʝ ʟʘʜʘʯ ʩʝʛʤʝʥʪʘʮʠʠ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʩʠʛʥʘʣʘ 

ʩʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʝʥʠʷ ʥʦʩʠʪʝʣʷ ʩʠʛʥʘʣʘ ï  ʩʚʦʡʩʪʚʦ 

ʦʙʨʘʱʝʥʠʷ Ὑ όȟ†  ʚ ʥʦʣʴ ʟʘ ʧʨʝʜʝʣʘʤʠ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ ʦʪʣʠʯʥʳʭ ʦʪ 

ʥʦʣʷ ʟʥʘʯʝʥʠʡ ᾀό. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʮʝʣʝʡ, ʫʜʦʙʥʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ᾀό ʚʚʝʩʪʠ ʩʠʛʥʘʣʳ ʣʦʢʘʣʴʥʦʛʦ 

(ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ u) ʧʨʦʰʣʦʛʦ ᾀ όᴂ ʠ ʣʦʢʘʣʴʥʦʛʦ ʙʫʜʫʶʱʝʛʦ 

ᾀ όᴂ: 

ᾀ όᴂ —ό ᾀό όᴂ

ᾀ όᴂ —ό ᾀό όᴂ
 ȟ   —ό  

ρȟ     ό π
πȢυȟ   ό π
πȟ     ό π

   ,   (4) 

ʛʜʝ —ό ï ʠʥʜʠʢʘʪʦʨʥʘʷ ʬʫʥʢʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʦʩʠ ʚʨʝʤʝʥʠ u, 

ʩʪʫʧʝʥʴʢʘ ʍʵʚʠʩʘʡʜʘ. ʀʟ ʦʧʨʝʜʝʣʝʥʠʡ (4) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʥʦʩʠʪʝʣʝʤ ᾀό 

ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʚʘʣ (a, b), ʪʦ ʥʦʩʠʪʝʣʝʤ ᾀ όᴂ  ʙʫʜʝʪ ʠʥʪʝʨʚʘʣ (0, u ï a), ʘ 

ᾀ όᴂ ï ʠʥʪʝʨʚʘʣ (0, b ï u). ʆʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʥʦʩʠʪʝʣʷ (a, b) ʦʜʠʥ ʠʟ ʦʧʨʝʜʝʣʷʝʤʳʭ (4) ʩʠʛʥʘʣʦʚ ʦʙʨʘʱʘʝʪʩʷ ʪʦʞʜʝʩʪʚʝʥʥʦ ʚ 

ʥʦʣʴ: ᾀ όᴂḳπ  ʧʨʠ  u > b  ʠ  ᾀ όᴂḳπ ʧʨʠ  u < a. 

ʀʩʧʦʣʴʟʫʷ ʦʙʦʟʥʘʯʝʥʠʷ (4), ʤʦʞʥʦ ʚ (3) ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʝʜʝʣʦʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʪ ʤʘʩʰʪʘʙʘ †. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ 

Ὑ όȟ† ʜʣʷ ʩʣʫʯʘʷ † π ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ (ʜʣʷ † π ʩʣʝʜʫʝʪ 

ʩʜʝʣʘʪʴ ʟʘʤʝʥʫ †O †): 

Ὑ όȟ† ᷿ ᾀ όᴂᾀ † όᴂὨό ᷿ ᾀ † όᴂᾀ όᴂὨό  . (5) 

ʀʟ (5) ʠ ʦʪʤʝʯʝʥʥʳʭ ʩʚʦʡʩʪʚ ʥʦʩʠʪʝʣʝʡ ʩʠʛʥʘʣʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʰʣʦʛʦ 

ᾀ όᴂ ʠ ʙʫʜʫʱʝʛʦ ᾀ όᴂ  ʩʨʘʟʫ ʚʳʪʝʢʘʝʪ, ʯʪʦ Ὑ όȟ† ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ 

ʚʥʝ ʠʥʪʝʨʚʘʣʘ (a, b) ʥʦʩʠʪʝʣʷ ʩʠʛʥʘʣʘ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʦʪ ʞʝ ʚʳʚʦʜ ʤʦʞʥʦ 
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ʩʜʝʣʘʪʴ ʠ ʠʟ ʘʥʘʣʠʟʘ ʧʦʣʥʦʛʦ ʥʦʩʠʪʝʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ (5) ʚ ʧʣʦʩʢʦʩʪʠ 

ʧʝʨʝʤʝʥʥʳʭ (u, Ű). ʀʤʝʥʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʠʝ (5) ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʥʫʣʝʚʳʤ, ʪʦʣʴʢʦ 

ʝʩʣʠ ʥʝʧʫʩʪʳʝ ʥʦʩʠʪʝʣʠ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʭ ʩʦʤʥʦʞʠʪʝʣʝʡ ᾀ όᴂ ï (0, b ï u) ʠ 

ᾀ † όᴂ ï (a ï u+Ű, Ű) ʠʤʝʶʪ ʥʝʧʫʩʪʦʝ ʞʝ ʧʝʨʝʩʝʯʝʥʠʝ. ɼʣʷ ʵʪʦʛʦ ʧʦʤʠʤʦ 

ʫʩʣʦʚʠʷ u Í (a, b), ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ Ű < (b ï a). ʉ ʫʯʝʪʦʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ Ű ʧʦʩʣʝʜʥʝʝ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʠʥʠʤʘʝʪ ʚʠʜ | Ű | < (b ï a). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʦʩʠʪʝʣʝʤ Ὑ όȟ† (5) ʧʦ ʦʙʝʠʤ ʧʝʨʝʤʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʚʳʩʦʪʳ 2(b ï a) ʠ ʰʠʨʠʥʳ (b ï a), ʧʝʨʝʩʝʢʘʶʱʠʡ ʦʩʴ ʚʨʝʤʝʥʠ u 

ʧʦ ʠʥʪʝʨʚʘʣʫ ʥʦʩʠʪʝʣʷ ʩʠʛʥʘʣʘ. ʆʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʠʩʭʦʜʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʥʦʩʠʪʝʣʷʭ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʣʠʯʠʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ ʩʠʛʥʘʣʘ 

ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ɸʂʌ Ὑ †, ʦʮʝʥʢʦʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ Ὑ όȟ† (5).   ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʣʦʙʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʣʶʙʦʡ 

ɸʂʌ ʨʘʩʧʦʣʦʞʝʥ ʚ ʥʫʣʝ Ű = 0. ɽʩʣʠ ʩʠʛʥʘʣ ᾀό ʠʤʝʝʪ ʧʝʨʠʦʜ T, ʪʦ Ὑ † ʙʫʜʝʪ 

ʠʤʝʪʴ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʪʦʪ ʞʝ ʧʝʨʠʦʜ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ,  Ὑ ὯὝ  Ὑ π ʜʣʷ 

Ὧ  πȟ°ρȟ°ςȟȣ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʦʯʢʘʭ, ʢʨʘʪʥʳʭ ὯὝȟ ʫ ɸʂʌ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʪʘʢʞʝ ʙʫʜʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ (ʙʦʢʦʚʳʝ) ʤʘʢʩʠʤʫʤʳ. ɽʩʣʠ ʦʮʝʥʢʘ 

Ὑ όȟ† (5) ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʦ ʧʦʚʪʦʨʷʝʪ ʧʦʚʝʜʝʥʠʝ ɸʂʌ, ʪʦ ʝʝ ʙʦʢʦʚʳʝ 

ʤʘʢʩʠʤʫʤʳ ʪʘʢʞʝ ʙʫʜʫʪ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʝʨʠʦʜʘ T ʠ ʝʛʦ ʢʨʘʪʥʳʭ. ʅʘ ʵʪʦʤ 

ʩʚʦʡʩʪʚʝ ʠ ʦʩʥʦʚʘʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʦʮʝʥʦʢ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ ʧʦʚʪʦʨʝʥʠʡ 

ʠʤʧʫʣʴʩʦʚ ʚ ʩʠʛʥʘʣʘʭ. ʀʤʝʥʥʦ, ʪʘʢ ʞʝ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʠʟʘ, ʛʜʝ ʧʦ 

ʤʘʢʩʠʤʫʤʘʤ ʏɺʇ  ὅ ὸȟὪȠɮ  (1) ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʯʘʩʪʦʪʳ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ, 

ʚ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ Ὑ όȟ† (5) ʧʦ ʠʭ 

ʤʘʢʩʠʤʫʤʘʤ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʚʨʝʤʝʥʥʳʝ ʤʘʩʰʪʘʙʳ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʢʦʣʝʙʘʥʠʡ 

/ ʠʤʧʫʣʴʩʦʚ ʩʠʛʥʘʣʘ ï ʧʝʨʠʦʜʳ ʣʦʢʘʣʴʥʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ.  

ʅʘ ʈʠʩ.4 ʚ ʛʨʘʜʘʮʠʷʭ ʩʝʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʢʘʨʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ Ὑ όȟ† 

(5) ʜʣʷ ʟʘʧʠʩʠ ʕʕɻ ʈʠʩ.1. ɺ ʧʨʝʜʝʣʘʭ ʬʨʘʛʤʝʥʪʘ ʕʈ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ 

ʪʨʘʝʢʪʦʨʠʠ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʙʦʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ (ʩʚʝʪʣʳʝ ʧʦʣʦʩʳ 

ʚʜʦʣʴ ʦʩʠ t), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʠʦʜʫ T ~ 0.14 ʩ, ʫʜʚʦʝʥʥʦʤʫ 0.28 ʩ ʠ 

ʫʪʨʦʝʥʥʦʤʫ 0.42 ʩ ʧʝʨʠʦʜʦʤ ʧʦʚʪʦʨʝʥʠʡ, ʧʦʧʘʚ ʠhʭ ʚ ʠʥʪʝʨʚʘʣ ʤʘʩʰʪʘʙʦʚ Ű  Í 
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(0, 0.5) ʩ. ʇʦʩʢʦʣʴʢʫ ʩ ʨʦʩʪʦʤ ʥʦʤʝʨʘ ʙʦʢʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ k =1, 2, é ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠ ̫Ὑ όȟ† ʚʳʯʠʩʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ (5), ʘʥʘʣʦʛ ʚʟʚʝʰʝʥʥʦʡ ʩʫʤʤr 

ʢʦʨʨʝʣʷʪʦʨʦʚ k ʧʘʨ, ʦʪʩʪʦʷʱʠʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ Ű =  kT ʵʧʠʣʝʧʪʠʬʦʨʤ, ʪʦ 

ʪʨʘʝʢʪʦʨʠʠ ʤʘʢʩʠʤʫʤʦʚ ʩ ʨʦʩʪʦʤ k ʚʳʛʣʷʜʷʪ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ Ὑ όȟ† ʟʘ 

ʩʯʝʪ ʪʘʢʦʛʦ ñʫʩʨʝʜʥʝʥʠʷò ʠ ʙʦʣʝʝ ʩʛʣʘʞʝʥʥʳʤʠ. ʇʨʠ ʵʪʦʤ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʟʘ 

ʩʯʝʪ ʦʪʤʝʯʝʥʥʦʛʦ ʫʩʨʝʜʥʝʥʠʷ ʜʣʷ ʙʦʣʴʰʠʭ k  ʫʪʨʘʯʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʝʪʘʣʠ 

ʣʦʢʘʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʝʨʠʦʜʘ ʧʦʚʪʦʨʝʥʠʡ T.   

 

ʈʠʩ.4. ʇʨʝʜʩʪʘʚʣʝʥʠʝ Ὑ όȟ† (5) ʕʕɻ ʩʠʛʥʘʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʬʨʘʛʤʝʥʪ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1. ʅʠʞʥʠʡ ʛʨʘʬʠʢ 

ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ὑ όȟ† (5) (ʤʘʢʩʠʤʫʤʳ ʩʚʝʪʣʳʝ, ʤʠʥʠʤʫʤʳ ʪʝʤʥʳʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʰʢʘʣʦʡ ʩʧʨʘʚʘ). ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʚ ʨʘʡʦʥʝ ʕʈ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʪʨʝʭ ʙʦʢʦʚʳʭ 

ʤʘʢʩʠʤʫʤʦʚ, ʧʦʚʝʨʭ ʢʦʪʦʨʳʭ ʥʘʥʝʩʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʝʡ T ʠʥʪʝʨʚʘʣʦʚ 

ʧʠʢ-ʧʠʢ ʈʠʩ.1 ʠ ʝʸ ʫʜʚʦʝʥʥʘʷ ʠ ʫʪʨʦʝʥʥʘʷ ʚʝʨʩʠʠ (ʧʫʥʢʪʠʨʦʤ). 

 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʪʨʘʝʢʪʦʨʠʡ ʨʘʟʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 
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ʨʝʘʣʴʥʦ ʠʤʝʶʱʠʤ ʤʝʩʪʦ ʧʝʨʠʦʜʘʤ ʧʦʚʪʦʨʝʥʠʡ, ʧʦʚʝʨʭ ʢʘʨʪʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʥʘʥʝʩʝʥʘ ʣʠʥʝʡʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʝʡ T 

ʠʥʪʝʨʚʘʣʦʚ ʧʠʢ-ʧʠʢ (ʈʠʩ.1) ʠ ʝʝ ʜʚʫʢʨʘʪʥʘʷ 2T ʠ ʪʨʝʭʢʨʘʪʥʘʷ 3T ʚʝʨʩʠʠ. 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʬʨʘʛʤʝʥʪʝ ʕʈ ʚʩʝ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʭʦʨʦʰʦ 

ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʣʦʩʳ ʪʨʘʝʢʪʦʨʠʡ ʙʦʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ Ὑ όȟ†.  

 

 

ʈʠʩ.5. ʇʨʦʬʠʣʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ Ὑ όȟ† ʕʕɻ ʩʠʛʥʘʣʘ ʚ ʮʝʥʪʨʝ ʬʨʘʛʤʝʥʪʘ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1. ʅʠʞʥʠʡ ʛʨʘʬʠʢ 

ï ʩʝʯʝʥʠʝ ʧʦ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ Ὑ όȟ† (5) (ʈʠʩ. 4), ʚʳʯʠʩʣʝʥʥʦʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ u 

ʪʦʯʥʦ ʧʦʩʝʨʝʜʠʥʝ ʕʈ (ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʥʫʪʨʠ ʕʈ, ʯʪʦ ʠ ʯʘʩʪʦʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʧʝʢʪʨʦʛʨʘʤʤʳ ȿὛ Ὢȿ ʥʘ ʈʠʩ. 3). 

 

ɿʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʢʦʣʝʙʘʥʠʡ 

(ʵʧʠʣʝʧʪʠʬʦʨʤ) ʕʈ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ, ʭʦʪʷ ʧʨʠʙʣʠʞʝʥʥʦ ʧʝʨʠʦʜʠʯʝʩʢʫʶ, ʥʦ 

ʥʝ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʧʦ ʬʦʨʤʝ ʢʦʤʧʦʥʝʥʪʫ, ʙʦʢʦʚʳʝ ʤʘʢʩʠʤʫʤʳ Ὑ όȟ† (5) 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʟʘʦʩʪʨʝʥʥʳʡ ʚʠʜ, ʦʪʣʠʯʘʶʱʠʡ ʠʭ ʦʪ ʢʦʩʠʥʫʩʦ-ʧʦʜʦʙʥʦʡ 

ʢʨʠʚʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʯʠʩʪʦ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ Ὑ όȟ†, ʢʦʪʦʨʳʡ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ 
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ʦʮʝʥʢʦʡ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʚʨʝʤʝʥʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ὔ ὸȟὪ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ F = 1/T, ʙʫʜʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʘʢʞʝ ʠ ʝʝ 

ʛʘʨʤʦʥʠʢʠ. ʅʘ ʈʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ Ű ʩʝʯʝʥʠʷ ʧʦ u 

(ʧʨʦʬʠʣʷ) Ὑ όȟ† ʚ ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ u = t ʚʥʫʪʨʠ ʕʈ, ʯʪʦ ʠ ʯʘʩʪʦʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʛʥʦʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ (ʩʧʝʢʪʨʦʛʨʘʤʤʳ) ȿὛ Ὢȿ  ʥʘ ʈʠʩ. 

3. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʚ ʦʪʥʦʰʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʘʩʩʘ 

ʟʘʜʘʯ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ ʩʣʝʜʫʶʱʝʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʭʘʨʘʢʪʝʨʘ (ʣʦʢʘʣʴʥʦʛʦ) 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʠʤʝʷ ʚ ʥʘʣʠʯʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

Ὑ όȟ† (5), ʤʦʞʥʦ ʚʤʝʩʪʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʜʠʥʘʤʠʢʠ ʩʘʤʦʛʦ ʩʠʛʥʘʣʘ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʦʡ ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟ ʝʛʦ 

ʙʦʢʦʚʳʭ ʤʘʢʩʠʤʫʤʦʚ ï ʧʠʢʦʚ. ʍʘʨʘʢʪʝʨ ʵʪʦʡ ʜʠʥʘʤʠʢʠ ï ʩʪʝʧʝʥʴ ʝʝ 

ʭʘʦʪʠʯʥʦʩʪʠ/ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʠ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ. 

ʇʨʘʢʪʠʯʝʩʢʠ, ʦʜʥʘʢʦ, ʚʚʠʜʫ ʥʘʣʠʯʠʷ ʤʥʦʛʠʭ ʤʘʢʩʠʤʫʤʦʚ, ʯʘʩʪʴ ʠʟ 

ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ, ʘ ʯʘʩʪʴ ï ʧʦʙʦʯʥʳʤʠ 

ʵʬʬʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʤʝʜʣʝʥʥʳʭ ʪʨʝʥʜʦʚ ʩʠʛʥʘʣʘ ʠ ʤʦʱʥʳʭ ʘʜʜʠʪʠʚʥʳʭ 

ʥʝʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʧʦʤʝʭ ʠ ʧʨ. ʦʮʝʥʢʘ ʧʦʣʦʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʙʦʢʦʚʦʛʦ 

ʧʠʢʘ ɸʂʌ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ Ὑ όȟ† (5) ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʫʩʪʦʡʯʠʚʦʡ ʧʨʦʮʝʜʫʨʦʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ ʢʘʢʦʡ-ʪʦ ʤʝʨʝ ʧʦʚʳʩʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʤʦʞʥʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʠʤʝʥʠʪʴ ʢ (5) ʥʝʢʦʪʦʨʳʝ ʠʟ ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʳʭ ʚ ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʩʠʛʥʘʣʦʚ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʧʦ ʨʝʘʣʠʟʘʮʠʷʤ ʩʠʛʥʘʣʘ ʦʮʝʥʦʢ. 

ʇʝʨʚʳʡ, ʦʯʝʚʠʜʥʳʡ ʰʘʛ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʫʤʥʦʞʝʥʠʝ Ὑ όȟ† (5) 

ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʝʩʦʚʦʝ ʦʢʥʦ ύ † : 

Ὄόȟ† ύ †Ὑ όȟ† .   (6) 

ɽʩʣʠ ʤʘʢʩʠʤʫʤ ʦʢʥʘ ύ † ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʦʯʢʝ T, ʘ ʝʛʦ ʧʦʣʫʰʠʨʠʥʘ 

ʩʣʝʚʘ/ʩʧʨʘʚʘ ʝʩʪʴ ŭ1,2, ʪʦ ʵʪʦ ʦʢʥʦ ʚʳʜʝʣʷʝʪ ʥʘ ʧʦʣʫʦʩʠ † π ñʦʙʣʘʩʪʴ 

ʠʥʪʝʨʝʩʦʚò (T ï ŭ1, T + ŭ2), ʨʝʞʝʢʪʠʨʫʷ ʚʩʝ, ʯʪʦ ʚ ʵʪʫ ʦʙʣʘʩʪʴ ʥʝ ʧʦʧʘʣʦ. ʗʩʥʦ, 
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ʯʪʦ ʮʝʥʪʨ ʦʢʥʘ T ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʦʪʩʣʝʞʠʚʘʝʤʦʛʦ ʧʠʢʘ, ʘ ŭ1,2 ʜʦʣʞʥ rʧʨʝʚʦʩʭʦʜʠʪʴ ʨʘʟʙʨʦʩ ʚ ʝʛʦ ʧʦʣʦʞʝʥʠʠ (ʥʦ 

ʥʝ ʩʚʝʨʭ ʤʝʨʳ). ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʟʘʜʘʯ ʫʜʘʯʥʳʤ 

ʦʢʘʟʘʣʦʩʴ ʦʢʥʦ, ʠʤʝʶʱʝʝ ʬʦʨʤʫ ʛʘʤʤʘ-ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

ύ † †ϽὩὼὴ†—ϳ Ⱦ—. ɻʝʦʤʝʪʨʠ ̫ ʚʳʙʨʘʥʥʦʛʦ ʦʢʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʘʨʘʤʝʪʨʦʤ ɗ ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: T = ɗ  ʠ ŭ1 å ɗ, ŭ2 å 3ɗ (ʧʦ ʫʨʦʚʥʶ 

e
-1
). ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ύ † ʚ ʬʦʨʤʫʣʫ (6) ʠ ʠʩʧʦʣʴʟʫʷ ʷʚʥʳʡ ʚʠʜ 

Ὑ όȟ† (5), ʧʦʣʫʯʠʤ ʷʚʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ  Ὄόȟ†, † π:  

Ὄόȟ† Ὡὼὴ ᷿ ᾀ † όᴂᾀ όᴂὨό  .   (7) 

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʩʚʷʟʘʥ ʩ ʧʦʜʯʝʨʢʠʚʘʥʠʝʤ ʬʦʨʤʳ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʠʢʦʚ. ɺ 

ʨʘʙʦʪʝ [15] ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʙʘʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠʜʝʷ ʩʚʦʝʦʙʨʘʟʥʦʡ ñʩʦʛʣʘʩʦʚʘʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʠò ï ʧʨʦʮʝʜʫʨʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʩʛʣʘʞʠʚʘʥʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ɺʠʛʥʝʨʘ 

ʜʣʷ (1), ʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʩʛʣʘʞʠʚʘʥʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

Ὄόȟ† (7). ɽʩʣʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʨʠʥʮʠʧʘʭ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, 

ʚr ʙʨʘʪʴ ʬʦʨʤʫ ʦʢʥʘ ύ †ȟ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʤʦʜʝʣʠʨʫʶʱʫ  ʁ ʬʦʨʤʫ 

ʙʦʢʦʚʳʭ ʧʠʢʦʚ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ: 

Ὃ†Ƞό ᷿ ύ † †Ὄόȟ†Ὠ†  

᷿ ύ † †᷿ ᾀ † όᴂᾀ όᴂὨόὩὼὴ Ὠ†ᴂ 
  ,  (8) 

 

ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʪʦ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ ʠʥʪʝʛʨʘʣ ʪʦʞʜʝʩʪʚʝʥʥʦ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ 

ʧʨʠ †ᴂ π. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʜʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʦʩʥʦʚʥʦʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʝʛʤʝʥʪʘʮʠʠ ʕʈ, ʧʦʜʯʝʨʢʥʝʤ ʝʱʝ ʨʘʟ, ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʫʪʘʥʠʮʳ, 

ʯʪʦ Ὃ†Ƞό (8) ʭʦʪʴ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʠ, 

ʥʦ ʥʝ ʠʩʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ᾀό, ʘ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ɸʂʌ Ὄόȟ† 

(7).  
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ɻʣʘʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʦʢʥʘ ύ †, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʝʛʦ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪ ɹʬʦʨʤʫ ʙʦʢʦʚʳʭ ʧʠʢʦʚ Ὑ όȟ† (5). ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʬʦʨʤʘ ʧʠʢʦʚ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʝʪʩʷ ʢʘʢ ʩ ʥʦʤʝʨʦʤ ʧʠʢʘ k, ʪʘʢ ʠ ʩ ʪʝʯʝʥʠʝʤ 

ʚʨʝʤʝʥʠ u (ʜʣʷ ʜʘʥʥʦʛʦ k), ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʚ ʢʘʢʦʤ ʩʤʳʩʣʝ 

ʜʦʣʞʥʦ ʧʦʥʠʤʘʪʴʩʷ ʧʦʜʦʙʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʬʦʨʤʳ 

ʙʦʢʦʚʳʭ ʧʠʢʦʚ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʟʷʪʴ ʬʦʨʤʫ ʫʩʨʝʜʥʝʥʥʦʛʦ ʧʦ ʤʥʦʛʠʤ 

ʨʝʘʣʠʟʘʮʠʷʤ ʧʠʢʘ, ʣʠʙʦ, ʟʘʜʘʚʰʠʩʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʩʝʤʝʡʩʪʚʦʤ ʬʦʨʤ, ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʠ ʪ.ʜ. ʅʘʤʠ ʨʘʥʝʝ, ʚ ʨʘʙʦʪʝ [9] ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

(ʥʝʩʢʦʣʴʢʦ ʜʣʷ ʠʥʳʭ ʮʝʣʝʡ) ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʬʦʨʤʳ ʦʢʥʘ ύ †. ʕʪʦʪ 

ʩʧʦʩʦʙ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʦʜʙʦʨʝ ʬʦʨʤʳ ʥʝ ʩʘʤʦʛʦ ʦʢʥʘ, ʘ ʝʛʦ ʌʫʨʴʝ-ʦʙʨʘʟʘ 

(ʩʧʝʢʪʨʘ) ὡ Ὢ.  

ʉ ʪʝʤ, ʯʪʦʙʳ ʦʙʦʩʥʦʚʘʪʴ ʧʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʬʦʨʤʳ ʦʢʥʘ, 

ʧʝʨʝʧʠʰʝʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ὃ†Ƞό  (8) ʯʝʨʝʟ ὡ Ὢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ 

ὖόȟὪ ʦʪ Ὄόȟ† (7):  

Ὃ†Ƞό ᷿ ὡᶻ ὪὖόȟὪὩὼὴς“Ƕ†ὪὨὪ   ,   (9) 

 

ʛʜʝ, ʚʚʠʜʫ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ύ †, ʫʯʪʝʥʘ ʩʠʤʤʝʪʨʠʷ ὡ Ὢ ὡᶻ Ὢ . 

ʀʟ (9) ʩʣʝʜʫʝʪ, ʯʪʦ ὡᶻ Ὢ, ʪʘʢ ʞʝ, ʢʘʢ ύ †, ʠʤʝʝʪ ʩʤʳʩʣ ʚʝʩʦʚʦʛʦ ʦʢʥʘ, ʥʦ 

ʪʦʣʴʢʦ ʚ ʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ. ʆʪʩʶʜʘ, ʩʣʝʜʫʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʝʛʦ ʥʘʟʥʘʯʝʥʠ ̫ï ʧʦʜʯʝʨʢʥʫʪʴ ʚ ὖόȟὪ  ʪʝ  ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ (ʧʨʠ ʝʝ ʥʘʣʠʯʠʠ).  

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ὖόȟὪ, ʢʘʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʧʨʦʠʟʚʝʜʝʥʠ ̫

ʵʢʩʧʦʥʝʥʪʳ ʠ ʩʚʝʨʪʢʠ ᾀ όᴂ ʠ ᾀ όᴂȟ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὖόȟὪ ᷿
Ƕ

ὨὪ  .    (10) 

ʛʜʝ ʧʦʩʨʝʜʩʪʚʦʤ Ὓ Ὢ ʠ  Ὓ Ὢ ʦʙʦʟʥʘʯʝʥʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʜʣʷ 

ʩʠʛʥʘʣʦʚ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʰʣʦʛʦ ᾀ όᴂ ʠ ʣʦʢʘʣʴʥʦʛʦ ʙʫʜʫʶʱʝʛʦ ᾀ όᴂ (4)ȡ 
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Ὓ Ὢ ᷿ ᾀ όᴂὩὼὴς“ǶόᴂὪ Ὠό ᷿ ᾀό όᴂὩὼὴς“ǶόᴂὪὨό

Ὓ Ὢ ᷿ ᾀ όᴂὩὼὴς“ǶόᴂὪ Ὠό ᷿ ᾀό όᴂὩὼὴς“ǶόᴂὪὨό
 .  

(11) 

ʌʫʨʴʝ-ʦʙʨʘʟʳ Ὓ Ὢ ʠ Ὓ Ὢ (11) ʦʙʣʘʜʘʶʪ ʪʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ, ʯʪʦ, ʢʘʢ 

ʠ ʦʙʨʘʟʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʘʧʣʘʩʘ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʥʪʝʛʨʘʣʘʤʠ ʪʦʣʴʢʦ ʧʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʦʣʫʦʩʠ ʚʨʝʤʝʥʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʃʘʧʣʘʩʘ, ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʥʫʶ 

ʧʣʦʩʢʦʩʪʴ, ʘ ʠʤʝʥʥʦ ʚ ʥʠʞʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ.  ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʚ ʨʘʙʦʪʘʭ [9,10] ʦʥʠ ʙʳʣʠ ʥʘʟʚʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʩʧʝʢʪʨʘʤʠ 

ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʰʣʦʛʦ ʠ ʣʦʢʘʣʴʥʦʛʦ ʙʫʜʫʱʝʛʦ ʩʠʛʥʘʣʘ ᾀό.  

ʀʩʧʦʣʴʟʫʷ ʩʚʦʡʩʪʚʦ ʘʥʘʣʠʪʠʯʥʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ Ὓ ὪᴂὛ Ὢᴂ , ʤʦʞʥʦ 

ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʠʠ ʚʳʯʝʪʦʚ ʥʘʡʪʠ ʠʥʪʝʛʨʘʣ (10) ʚ ʢʦʥʝʯʥʦʤ ʚʠʜʝ. ʀʤʝʥʥʦ, 

ʟʘʤʢʥʫʚ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʦʩʴ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʥʠʞʥʝʡ ʧʦʣʫʧʣʦʩʢʦʩʪʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʜʫʛʦʡ ʠ ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʥʫʣʷ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʯʘʩʪʦʪʝ  Ὢ Ὢ Ƕς“—ϳ  , ʧʦʣʫʯʠʤ: 

ὖόȟὪ Ὓ Ὢ Ƕς“—ϳ Ὓ Ὢ Ƕς“—ϳ Ὓ ὪὛ Ὢ ,  (12) 

ʛʜʝ ʚʚʝʜʝʥʳ ʩʜʚʠʥʫʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ Ὓ Ὢ ʠ Ὓ Ὢ, ʚʳʯʠʩʣʝʥʠʝ 

ʢʦʪʦʨʳʭ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (11), ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

Ὓ Ὢ ᷿ ᾀό όᴂὩὼὴόᴂ—ϳ Ὡὼὴς“ǶόᴂὪὨό

Ὓ Ὢ ᷿ ᾀό όᴂὩὼὴόᴂ—ϳ Ὡὼὴς“ǶόᴂὪὨό
 .  (13) 

ʇʦʜʩʪʘʚʣʷʷ (12) ʚ (9), ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʠʤ: 

Ὃ†Ƞό ᷿ ὡᶻ ὪὛ ὪὛ ὪὩὼὴς“Ƕ†ὪὨὪ   ,   (14) 

Cʜʚʠʥʫʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ Ὓ Ὢ ʠ Ὓ Ὢ (13) ʤʦʞʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʦʥʝʯʥʳʤʠ ʠʥʪʝʛʨʘʣʘʤʠ ʩ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ 

w, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʫʜʫʪ ʦʙʳʯʥʳʤʠ ʦʢʦʥʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ 

ʌʫʨʴʝ ʥʘ ʠʥʪʝʨʚʘʣʘʭ  (u, u + w) ʠ (u ï w, u): 
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Ὓ Ὢ ᷿ ᾀό ό Ὡὼὴς“ǶόὪὨό Ὡὼὴς“ǶὪόὛ ϳ Ὢ

Ὓ Ὢ ᷿ ᾀό ό Ὡὼὴς“ǶόὪὨό Ὡὼὴς“ǶὪόὛ ϳ
  z Ὢ

 

Ὓ Ὢ ᷿ ᾀό Ὡὼὴς“ǶόὪὨό
ϳ

ϳ

  .      (15) 

ʆʪʩʶʜʘ ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʣʫʯʘʝʤ ʧʨʦʩʪʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ Ὓ ὪὛ Ὢ Ὓ ϳ ὪὛ ϳ
  z Ὢ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʥʘ 

ʬʨʘʛʤʝʥʪʘʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʩʠʛʥʘʣʘ ʤʦʜʫʣʴ ʩʧʝʢʪʨʘ ʠʟʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ  

Ὓ ϳ Ὢ ȿὛ Ὢȿ  Ὓ ϳ Ὢ  , ʪʦ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ Ὓ ὪὛ Ὢ ȿὛ Ὢȿ.  ʀʟ ʧʦʩʣʝʜʥʝʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘ ʬʨʘʛʤʝʥʪʘʭ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʠ ʘʙʩʦʣʶʪʥʘʷ 

ʚʝʣʠʯʠʥʘ ʧʨʦʠʟʚʝʜʝʥʠ ̫ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʧʦʜ ʠʥʪʝʛʨʘʣʦʤ ʚ (14) ʙʫʜʝʪ 

ʠʤʝʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʘʢʦʝ ʞʝ ʯʘʩʪʦʪʥʦʝ ʧʦʚʝʜʝʥʠʝ, ʯʪʦ ʠ ʩʧʝʢʪʨʦʛʨʘʤʤʘ 

ȿὛ Ὢȿ.   

 
ʈʠʩ.6. ɺʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʠʟʚʝʜʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʕʕɻ ʩʠʛʥʘʣʘ ʚ ʮʝʥʪʨʝ ʕʈ. 

ɺʝʨʭʥʠʡ ʛʨʘʬʠʢ ï ʬʨʘʛʤʝʥʪ ʨʝʘʣʴʥʦʡ ʟʘʧʠʩʠ ʕʕɻ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʈʠʩ.1. ʅʠʞʥʠʡ ʛʨʘʬʠʢ 

ï ʚʳʯʠʩʣʝʥʥʦʝ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ u ʪʦʯʥʦ ʧʦʩʝʨʝʜʠʥʝ ʕʈ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ 




















