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ʈɸɿɺʆɱ ʄɽʊʆɼɽ ɿɸ ʆʎɽʅʋ ʂɺɸʃʀʊɽʊɸ ʉʀʄʋʃɸʎʀɱɽ 

ɼʀʅɸʄʀʏʂʆɻ ʇʆʅɸʐɸɳɸ ɾɽʃɽɿʅʀʏʂʀʍ ɺʆɿʀʃɸ 

ʈʝʟʠʤʝ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʘʿʧʦʫʟʜʘʥʠʿʠ 

ʥʘʯʠʥ ʟʘ ʫʪʚʨʹʠʚʘˁʝ ˁʠʭʦʚʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʧʨʝʩʫʜʥʠ ʢʨʠʪʝʨʠʿʫʤ ʟʘ ʦʜʦʙʨʝˁʝ 

ˁʠʭʦʚʝ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʩʫ ʦʙʠʤʥʘ, 

ʜʫʛʦʪʨʘʿʥʘ ʠ ʩʢʫʧʘ, ʧʘ ʩʫ ʘʣʪʝʨʥʘʪʠʚʥʠ ʤʝʪʦʜʠ, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʪʦʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʚʦʟʠʣʘ, ʦʜ ʥʘʿʚʝ˂ʝʛ ʠʥʪʝʨʝʩʘ. ʋ ʪʦʤ ʮʠˀʫ ʩʝ ʨʘʟʚʠʿʘʿʫ ʥʫʤʝʨʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ 

ʢʨʝʪʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʢʦʿʝ ʥʘ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʚʦʟʠʣʘ ʠ 

ʢʦʣʦʩʝʢʘ ʦʤʦʛʫ˂ʘʚʘʿʫ ʠʟʨʘʯʫʥʘʚʘˁʘ ʜʠʥʘʤʠʯʢʠʭ ʚʝʣʠʯʠʥʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ 

ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ.   

ʎʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ 

ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. ʇʨʠʜʨʞʘʚʘʿʫ˂ʠ ʩʝ ʧʨʝʧʦʨʫʢʝ ʪʨʝʥʫʪʥʦ 

ʚʘʞʝ˂ʠʭ ʩʪʘʥʜʘʨʜʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ 

ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ (UIC 518 ʠ EN14363), ʘ ʥʘ ʦʩʥʦʚʫ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʠ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ 

ʫʦʧʰʪʝ, ʧʨʝʜʣʦʞʝʥʘ ʿʝ ʥʦʚʘ ʤʝʪʨʠʢʘ ʟʘ ʦʮʝʥʫ ʚʘʣʠʜʥʦʩʪʠ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ 

ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. ʇʨʝʜʣʦʞʝʥʘ ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʦʮʝʥʫ ʦ ʩʣʘʛʘˁʫ ʨʝʟʫʣʪʘʪʘ 

ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʬʦʨʤʠʨʘ ʥʘ ʦʩʥʦʚʫ 

ʧʦʨʝʹʝˁʘ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʟʘʙʨʘʥʠʭ ʚʝʣʠʯʠʥʘ ʟʘ ʧʦʨʝʹʝˁʝ. ʋ 

ʦʢʚʠʨʫ ʜʠʩʝʨʪʘʮʠʿʝ ʜʝʬʠʥʠʩʘʥʘ ʿʝ ʚʘʣʠʜʘʮʠʦʥʘ ʭʠʿʝʨʘʨʭʠʿʘ, ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ, 

ʚʝʣʠʯʠʥʝ ʟʘ ʧʦʨʝʹʝˁʝ ʠ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʚʘʣʠʜʘʮʠʦʥʝ ʦʮʝʥʝ ʟʘ ʧʨʠʭʚʘʪʘˁʝ 

ʚʘʣʠʜʥʦʩʪʠ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ.  

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʚʘʣʠʜʘʮʠʿʝ ʧʨʠʤʝˁʝʥʘ ʿʝ ʥʘ ʤʦʜʝʣ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ 

ʟʘ ʧʨʝʚʦʟ ʨʫʜʝ ʛʚʦʞʹʘ ʪʠʧʘ ĂFanoo 040ñ. ʈʝʟʫʣʪʘʪʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʜʦʙʠʿʝʥʠ 

ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʧʨʝʜʣʦʞʝʥʦʤ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʜʘʪʠ ʩʫ ʫʧʦʨʝʜʦ ʨʝʟʫʣʪʘʪʠʤʘ 

ʜʦʙʠʿʝʥʠʤ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʚʘʣʠʜʘʮʠʿʝ ʧʨʝʜʣʦʞʝʥʝ ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʘ ñDYNOTrainò. 

ʅʦʚʦʧʨʝʜʣʦʞʝʥʘ ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʩʝ ʠʟʚʨʰʠ ʦʙʿʝʢʪʠʚʥʘ ʦʮʝʥʘ 

ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʩʚʘʢʫ ʦʜ ʠʟʘʙʨʘʥʠʭ ʚʝʣʠʯʠʥʘ ʟʘ 

ʧʦʨʝʹʝˁʝ. ɸʥʘʣʠʟʦʤ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʥʦʚʦʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʦʣʦʛʠʿʘ ʚʘʣʠʜʘʮʠʿʝ ʧʦʩʪʘʚˀʘ ʩʪʨʦʞʠʿʝ ʫʩʣʦʚʝ ʚʘʣʠʜʘʮʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ 

ʤʝʪʦʜʦʣʦʛʠʿʫ ʚʘʣʠʜʘʮʠʿʝ ʧʨʠʢʘʟʘʥʝ ʫ ʦʢʚʠʨʫ ʧʨʦʿʝʢʪʘ ñDYNOTrainò. ɺʘʣʠʜʘʮʠʿʘ 

ʤʦʜʝʣʘ ʠʟʚʨʰʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ ʥʦʚʦʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ 

ʩʤʘˁʠ ʦʙʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. 
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DEVELOPMENT OF METHOD  FOR ASSESSING THE QUALITY OF 

SIMULATIONS OF  DYNAMIC BEHAVIOR OF RAILWAY VEHICLES  

 
Abstract 

 
Experimental investigations of railway vehicles represent the most reliable way to 

determine their properties and decisive criterion for the approval of their exploitation. 

However, experimental tests are extensive, time-consuming and expensive, so alternative 

methods, which are used in the design of vehicles, are of the greatest interest. With this 

goal are developed numerical simulations of the dynamic behavior of railway vehicles 

that, on the basis of mathematical models, allow calculation of dynamic values in the time 

and frequency domain. 

The aim of this study is to define a methodology for the validation of models od railway 

vehicles dynamics. By adhering to the recommendations of actual standards for 

experimental investigation of the dynamic behavior of railway vehicles (UIC 518 and 

EN14363), and based on previous research of verification and validation of railway 

vehicles model and numerical models in general, a new validation metrics is proposed 

for assessment of the numerical models of railway vehicles. The proposed validation 

metrics assesses the agreement between the results obtained by simulation and 

experimental testing on the basis of comparison between cumulative probability 

functions of the assessment quantities. In this  dissertation is defined the validation 

hierarchy, validation metrics, assesment quantities and validation limits for estimation of 

acceptance of a numerical model of a railway vehicle. 

The proposed methodology was applied to the validation of a model of railway wagon of 

type "Fanno 040", which is used for transport of iron ore. The results obtained with the 

methodology for model validation proposed in this thesis are compared to the results 

obtained by the methodology proposed in the international project "DYNOTrain". The 

newly proposed validation metrics enabled an objective assessment of the agreement 

between simulation and experimental results for each of the selected assesment quantities. 

The obtained results showed that the newly proposed methodology for validation of 

model of railway vehicles represents a more severe estimation of agreement between the 

simulation and experimental results than the metrics proposed in the project 

"DYNOTrain". Model validation performed using the newly proposed methodology 

provides an opportunity for reduction of the volume of expensive experimental tests. 

 

Keywords: validation, modeling, simulation, experimental investigation  
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ʅʆʄɽʅʂʃɸʊʋʈɸ 

UIC ï Union Internationale des Chemins de fer - ʄʝʹʫʥʘʨʦʜʥʘ ʞʝʣʝʟʥʠʯʢʘ ʫʥʠʿʘ 

EN - European Standard - ɽʚʨʦʧʩʢe ʥʦʨʤʝ 

ʌʇ7 ï The seventh framework programme -  ʉʝʜʤʠ ʦʢʚʠʨʥʠ ʧʨʦʛʨʘʤ 

WP ï work package ï ʨʘʜʥʠ ʧʘʢʝʪ 

MAE - mean absolute error - ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ 

RMS ï root mean square ï ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʚʨʝʜʥʦʩʪ 

RMSE - root mean square error - ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ 

RMSD - root-mean-square deviation - ʩʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʜʝʚʠʿʘʮʠʿʘ 

MAE - mean absolute error - ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ 

ANOVA ï ʧʦʩʪʫʧʘʢ ʘʥʘʣʠʟʝ ʚʘʨʠʿʘʥʩʠ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ 

SCDF ï ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʬʦʨʤʠʨʘʥʝ ʦʜ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ  

ECDF ï ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʬʦʨʤʠʨʘʥʝ ʦʜ ʧʦʜʘʪʘʢʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ 

ei ï ʛʨʝʰʢʘ 

pi ï ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʨʝˁʝʤ 

si ï ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʝ ʩʠʤʫʣʘʮʠʿʦʤ 

MR ï ʨʘʟʣʠʢʘ ʘʤʧʣʠʪʫʜʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʝʤʘ ʈʘʩʝʣʦʚʦʿ ʚʘʣʠʜʘʮʠʦʥʦʿ 

ʤʝʪʨʠʮʠ 

PR ï ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʬʘʟʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʝʤʘ ʈʘʩʝʣʦʚʦʿ ʚʘʣʠʜʘʮʠʦʥʦʿ 

ʤʝʪʨʠʮʠ 

MSG ï ʦʜʩʪʫʧʘˁʘ ʠʟʤʝʹʫ ʘʤʧʣʠʪʫʜʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʝʤʘ ʉʧʨʘ ʠ ɻʠʨ 

ʚʘʣʠʜʘʮʠʦʥʦʿ ʤʝʪʨʠʮʠ 

PSG ï ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʬʘʟʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʝʤʘ ʉʧʨʘ ʠ ɻʠʨ ʚʘʣʠʜʘʮʠʦʥʦʿ 

ʤʝʪʨʠʮʠ 

CSG ï ʨʘʟʫʤˀʠʚʠ ʬʘʢʪʦʨ ʦʜʩʪʫʧʘˁʘ 

DTW ï ɸʣʛʦʨʠʪʘʤ ʜʠʥʘʤʠʯʢʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʚʨʝʤʝʥʘ (Dynamic Time Warping) 
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Errorrmag ï ʨʘʟʣʠʢʘ ʫ ʘʤʧʣʠʪʫʜʘʤʘ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ ʧʨʝʤʘ EARTH 

ʚʘʣʠʜʘʮʠʦʥʦʿ ʤʝʪʨʠʮʠ 

Errorr phase ï ʨʘʟʣʠʢʘ ʫ ʘʤʧʣʠʪʫʜʘʤʘ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ ʧʨʝʤʘ EARTH 

ʚʘʣʠʜʘʮʠʦʥʦʿ ʤʝʪʨʠʮʠ 

Errorr topology ï ʈʘʟʣʠʢʘ ʦʙʣʠʢʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʝʤʘ EARTH ʚʘʣʠʜʘʮʠʦʥʦʿ 

ʤʝʪʨʠʮʠ 

PDF ï ʌʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ 

CDF ï ʂʫʤʫʣʘʪʠʚʥʘ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ 

d ï ʂʦʣʤʦʨʛʦʥʦʚ-ʉʤʠʨʥʦʚ ʚʘʣʠʜʘʮʠʦʥʘ ʦʮʝʥʘ 

AD ï ɸʥʜʝʨʩʦʥ - ɼʘʨʣʠʥʛ ʚʘʣʠʜʘʮʠʦʥʘ ʦʮʝʥʘ 

ὼ - ʊʝʞʠʥʩʢʘ ʬʫʥʢʮʠʿʘ 

DKL - ʂʫʣʙʘʢ-ʃʘʿʙʣʝʨʦʚʘ ʚʘʣʠʜʘʮʠʦʥʘ ʦʮʝʥʘ 

pmf - probability mass function ï ʌʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʠʩʢʨʝʪʥʠʭ ʩʠʛʥʘʣʘ 

D(F, Sn) ï ʌʝʨʩʦʥ ï ʆʙʝʨʢʘʤʧʬ ʚʘʣʠʜʘʮʠʦʥʘ ʦʮʝʥʘ 

F(x) ï ʌʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʦʤʝˀʠʚʝ ʜʦʙʠʿʝʥʝ ʩʠʤʫʣʘʮʠʿʦʤ 

Sn(x) - ʌʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʦʤʝˀʠʚʝ ʜʦʙʠʿʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʠʩʧʠʪʠʚʘˁʝʤ 

H0 ï ʅʫʣʪʘ ʭʠʧʦʪʝʟʘ 

H1 ï ɸʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ 

ὼӶ ï ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ 

Ŭ ï ɻʨʝʰʢʘ ʧʨʚʝ ʚʨʩʪʝ 

ɓ ï ɻʨʝʰʢʘ ʜʨʫʛʝ ʚʨʩʪʝ 

 ï ʉʥʘʛʘ ʪʝʩʪʘ 

p ï ʇʨʘʛ ʟʥʘʯʘʿʥʦʩʪʠ 

sd ï ʉʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ 

sg  - ʉʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ 

t  - ʉʪʫʜʝʥʪʦʚʘ ʩʪʘʪʠʩʪʠʢʘ 

df  - ʉʪʘʪʠʩʪʠʯʢʠ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ 

Fs ï ʌʠʰʝʨʦʚʘ ʩʪʘʪʠʩʪʠʢʘ 

Ý - ʉʢʫʧ ʩʚʠʭ ʜʦʛʘʹʘʿʘ 

ɽ - ʈʘʩʧʦʜʝʣʘ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ 

P -  ɺʝʨʦʚʘʪʥʦ˂ʘ ʧʨʦʤʝʥˀʠʚʠʭ 
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Y ï ʉʠʣʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ ʰʠʥʘ  

Q ï ʉʠʣʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ  ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ ʰʠʥʘ 

Yqst -  ʂʚʘʟʠ-ʩʪʘʪʠʯʢʘ ʩʠʣʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

Qqst  - ʂʚʘʟʠ-ʩʪʘʪʠʯʢʘ ʩʠʣʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

řYqst ï ʉʫʤʘ ʢʚʘʟʠ-ʩʪʘʪʠʯʢʠʭ ʩʠʣʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

Ymax - ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʠʣʝ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

Qmax - ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʩʠʣʝ ʫ ʚʝʨʪʠʢʘʣʥʝ ʩʠʣʝ 

(Y/Q)max - ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʦʜʥʦʩʘ ʩʠʣʘ ʫ ʙʦʯʥʦʤ ʠ ʚʝʨʪʠʢʣʥʦʤ ʧʨʘʚʮʫ 

ώᶻ  - RMS-ʚʨʝʜʥʦʩʪ  ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

ᾀᶻ  - RMS-ʚʨʝʜʥʦʩʪ  ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ ʧʨʘʚʮʫ 

ώᶻ  - ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

ᾀᶻ  - ʄʘʢʩʠʤʘʣʥʘ ʚʨʝʜʥʦʩʪ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

x ï ʪʝʩʪ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʦʮʝʥʫ ʨʘʟʣʠʢʘ ʜʚʝ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ 

s1, s2 ï ʚʘʨʠʿʘʥʩʝ ʧʨʦʤʝʥˀʠʚʝ 

d1, d2  - ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʧʨʦʤʝʥˀʠʚʠʭ 

M ï ʦʮʝʥʘ ʩʣʘʛʘˁʘ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʜʚʝ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ  

ʆS ï ʚʘʣʠʜʘʮʠʦʥʘ ʦʮʝʥʘ  

ώᶻ -ʋʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

ᾀᶻ - ʋʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

ώ  -ʋʙʨʟʘˁʘ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʥʘ ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ 

ᾀ  - ʋʙʨʟʘˁʘ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʥʘ ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ 

ὣ  ï ʉʠʣʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ  ʧʨʠ ʯʝʤʫ ʿʝ ʫ ʝʢʩʧʦʥʝʥʪʫ ʦʟʥʘʯʝʥʦ ʩʘ 1 ʚʦʜʝ˂ʝ ʘ ʩʘ 2 

ʚʦʹʝʥʦ ʦʙʨʪʥʦ ʧʦʩʪʦˀʝ, ʩʘ I ʫ ʠʥʜʝʢʩʫ ʿʝ ʦʟʥʘʯʝʥʘ ʧʨʚʘ ʘ ʩʘ II  ʜʨʫʛʘ ʦʩʦʚʠʥʘ ʫ 

ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ ʜʦʢ ʿʝ ʩʘ 1 ʠ 2 ʫ ʠʥʜʝʢʩʫ ʦʟʥʘʯʝʥʘ ʩʠʣʘ ʥʘ ʣʝʚʦʤ ʦʜʥʦʩʥʦ 

ʜʝʩʥʦʤ ʪʦʯʢʫ 

ὗ  ï ʉʠʣʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ  ʧʨʠ ʯʝʤʫ ʿʝ ʫ ʝʢʩʧʦʥʝʥʪʫ ʦʟʥʘʯʝʥʦ ʩʘ 1 ʚʦʜʝ˂ʝ ʘ ʩʘ 2 

ʚʦʹʝʥʦ ʦʙʨʪʥʦ ʧʦʩʪʦˀʝ, ʩʘ I ʫ ʠʥʜʝʢʩʫ ʿʝ ʦʟʥʘʯʝʥʘ ʧʨʚʘ ʘ ʩʘ II  ʜʨʫʛʘ ʦʩʦʚʠʥʘ ʫ 

ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ ʜʦʢ ʿʝ ʩʘ 1 ʠ 2 ʫ ʠʥʜʝʢʩʫ ʦʟʥʘʯʝʥʘ ʩʠʣʘ ʥʘ ʣʝʚʦʤ ʦʜʥʦʩʥʦ 

ʜʝʩʥʦʤ ʪʦʯʢʫ 

cmbaz ï ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʠ ʝʣʘʩʪʠʯʥʦʛ ʘʜʘʧʪʝʨʘ ʫ z 

ʧʨʘʚʮʫ  
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kmbaz - ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʠ ʝʣʘʩʪʠʯʥʦʛ ʘʜʘʧʪʝʨʘ ʫ z 

ʧʨʘʚʮʫ 

cmbax - ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʠ ʝʣʘʩʪʠʯʥʦʛ ʘʜʘʧʪʝʨʘ ʫ x 

ʧʨʘʚʮʫ 

kmbax - ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ  ʠʟʤʝʹʫ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʠ ʝʣʘʩʪʠʯʥʦʛ ʘʜʘʧʪʝʨʘ ʫ x 

ʧʨʘʚʮʫ 

F ï ʉʠʣʘ 

‘- ʂʦʝʬʠʮʠʿʝʥʪ ʪʨʝˁʘ 

‘ ï ʉʪʘʪʠʯʢʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ 

‘ ï ɼʠʥʘʤʠʯʢʘ ʚʨʝʜʥʦʩʪ ʢʦʝʬʠʮʠʿʝʥʪʘ ʪʨʝˁʘ 

k -  ʂʨʫʪʦʩʪ ʝʣʘʩʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ 

kzyw ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʧʦʧʨʝʯʥʦʛ ʥʦʩʘʯʘ 

kzys ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʧʦʧʨʝʯʥʦʛ ʥʦʩʘʯʘ ʠ ʙʦʯʥʦʛ ʥʦʩʘʯʘ 

k3zws ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ 

ʧʨʘʚʮʫ 

kxws ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʫ ʧʦʜʫʞʥʦʤ ʧʨʘʚʮʫ 

kf2yzws - ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʙʦʯʥʦʛ ʥʦʩʘʯʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

Nbw ï ʅʦʨʤʘʣʥʘ ʩʠʣʘ ʢʦʿʦʤ ʧʦʧʨʝʯʥʠ ʥʦʩʘʯ  ʜʝʣʫʿʝ ʥʘ ʢʣʠʥ  

Nsfw ï ʅʦʨʤʘʣʥʘ ʩʠʣʘ ʢʦʿʦʤ ʙʦʯʥʠ ʥʦʩʘʯ  ʜʝʣʫʿʝ ʥʘ ʢʣʠʥ 

Fµbw ï ʉʠʣʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʧʦʧʨʝʯʥʦʛ ʥʦʩʘʯʘ 

Fµsfw ï ʉʠʣʘ ʪʨʝˁʘ ʠʟʤʝʹʫ ʢʣʠʥʘ ʠ ʙʦʯʥʦʛ ʥʦʩʘʯʘ 

Fz ï ʉʠʣʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ ʢʦʿʘ ʜʝʣʫʿʝ ʥʘ ʢʣʠʥ 

kzrt ï ʂʨʫʪʦʩʪ ʢʦʣʦʩʝʢʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

0k  - ʉʪʘʪʠʯʢʘ ʚʨʝʜʥʦʩʪ ʢʨʫʪʦʩʪʠ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

fs -  ʌʨʝʢʚʝʥʮʠʿʘ ʧʨʝʣʘʩʢʘ ʚʦʟʠʣʘ ʧʨʝʢʦ ʧʨʘʛʦʚʘ 

kyrt ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʰʠʥʝ ʠ ʧʨʘʛʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

cyrt ï ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʰʠʥʝ ʠ ʧʨʘʛʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

kzrt ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʰʠʥʝ ʠ ʧʨʘʛʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

czrt ï ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʰʠʥʝ ʠ ʧʨʘʛʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 



5 

 

kytg ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʧʨʘʛʘ ʠ ʟʝʤˀʘʥʦʛ ʪʨʫʧʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

cytg ïï ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʧʨʘʛʘ ʠ ʟʝʤˀʘʥʦʛ ʪʨʫʧʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ 

kztb ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʧʨʘʛʘ ʠ ʟʘʩʪʦʨʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

cztb ï ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʧʨʘʛʘ ʠ ʟʘʩʪʦʨʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

kzbg ï ʂʦʝʬʠʮʠʿʝʥʪ ʢʨʫʪʦʩʪʠ ʠʟʤʝʹʫ ʟʘʩʪʦʨʘ ʠ ʟʝʤˀʘʥʦʛ ʪʨʫʧʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ 

ʧʨʘʚʮʫ 

czbg - ʂʦʝʬʠʮʠʿʝʥʪ ʧʨʠʛʫʰʝˁʘ ʠʟʤʝʹʫ ʟʘʩʪʦʨʘ ʠ ʟʝʤˀʘʥʦʛ ʪʨʫʧʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ 

ʧʨʘʚʮʫ 

H(f) ï ɼʠʥʘʤʠʯʢʘ ʢʨʫʪʦʩʪ ʢʦʣʦʩʝʢʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

ώᶻρὍ - ʋʙʨʟʘˁʝ ʥʘ ʨʘʤʫ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʠʟʥʘʜ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ ʫ 

ʭʦʪʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ 

ᾀᶻρ) - ʋʙʨʟʘˁʘ ʥʘ ʨʘʤʫ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʠʟʥʘʜ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ ʫ 

ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ 

ώᶻρ)) ï ʋʙʨʟʘˁe ʥʘ ʨʘʤʫ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʠʟʥʘʜ ʚʦʹʝʥʦʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ ʫ 

ʭʦʪʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ 

ᾀᶻρ)) ʋʙʨʟʘˁe ʥʘ ʨʘʤʫ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʠʟʥʘʜ ʚʦʹʝʥʦʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ ʫ 

ʚʝʨʪʠʢʘʣʥʦʤ ʣʥʦʤ ʧʨʘʚʮʫ 

ώρρ, ώςρ ï ʋʙʨʟʘˁʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʥʘ ʢʨʘʿʝʚʠʤʘ ʙʦʯʥʠʭ ʥʦʩʘʯʘ ʥʘ ʚʦʜʝ˂ʝʤ 

ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ 

ώσρ, ώτρ ï ʋʙʨʟʘˁʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʥʘ ʢʨʘʿʝʚʠʤʘ ʙʦʯʥʠʭ ʥʦʩʘʯʘ ʥʘ ʚʦʹʝʥʦʤ 

ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ 

ὣρρȟὣρς ï ʉʠʣʝ ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ-ʰʠʥʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ ʥʘ ʪʦʯʢʦʚʠʤ ʥʘ 

ʚʦʜʝ˂ʦʿ ʦʩʦʚʠʥʠ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ 

ὗρρȟὗρς ï ʉʠʣʝ ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ-ʰʠʥʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ ʥʘ ʪʦʯʢʦʚʠʤ ʥʘ 

ʚʦʜʝ˂ʦʿ ʦʩʦʚʠʥʠ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ 

ὣςρȟὣςς ï ʉʠʣʝ ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ-ʰʠʥʘ ʫ ʭʦʨʠʟʦʥʪʘʣʥʦʤ ʧʨʘʚʮʫ ʥʘ ʪʦʯʢʦʚʠʤ ʥʘ 

ʚʦʹʝʥʦʿ ʦʩʦʚʠʥʠ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ 

ὗςρȟὗςς ï ʉʠʣʝ ʫ ʢʦʥʪʘʢʪʫ ʪʦʯʘʢ-ʰʠʥʘ ʫ ʚʝʨʪʠʢʘʣʥʦʤ ʧʨʘʚʮʫ ʥʘ ʪʦʯʢʦʚʠʤ ʥʘ 

ʚʦʹʝʥʦʿ ʦʩʦʚʠʥʠ ʚʦʜʝ˂ʝʛ ʦʙʨʪʥʦʛ ʧʦʩʪʦˀʘ 

ώ ï ʋʙʨʟʘˁʝ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʚʦʜʝ˂ʝ ʦʩʦʚʠʥʝ ʥʘ ʚʦʜʝ˂ʝʤ ʦʙʨʪʥʦʤ ʧʦʩʪʦˀʫ   
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1 ʋɺʆɼ 

 

ʉʘ ʨʘʟʚʦʿʝʤ ʨʘʯʫʥʘʨʘ ʫ ʫʧʦʪʨʝʙʫ ʩʫ ʫʰʣʠ ʨʘʟʣʠʯʠʪʠ ʥʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ ʢʚʘʟʠʩʪʘʪʠʯʢʦʛ ʠ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ.  

ʅʘ ʦʩʥʦʚʫ ʪʠʭ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʤʦʛʫ˂ʝ ʿʝ ʧʨʝʜʚʠʜʝʪʠ ʧʦʥʘʰʘˁʝ ʚʦʟʠʣʘ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʠʪʫʘʮʠʿʘʤʘ, ʰʪʦ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝʛ ʥʘʫʯʥʦʛ ʠ ʪʝʭʥʠʯʢʦʛ ʠʥʪʝʨʝʩʘ ʢʘʜʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʠʣʠ ʿʝ ʝʢʦʥʦʤʩʢʠ ʥʝʠʩʧʣʘʪʠʚʦ (ʥʧʨ. ʧʨʠ 

ʠʩʪʨʘʞʠʚʘˁʫ ʠʩʢʣʠʟʥʫ˂ʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʩʘ ʰʠʥʘ). 

ɿʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʢʦʨʠʩʪʝ ʩʝ ʤʦʜʝʣʠ ʠʟʨʘʹʝʥʠ ʫ 

ʨʘʟʣʠʯʠʪʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʧʘʢʝʪʠʤʘ ʢʘʦ ʰʪʦ ʩʫ MatLab, UmLab, Simpack, Nucars, 

Medinʘ, Gensys, ʠʪʜ. ɺʘʣʠʜʘʮʠʿʘ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʚʨʰʠ ʧʨʠʤʝʥʦʤ 

ʪʝʩʪʦʚʘ, ʢʘʦ ʰʪʦ ʩʫ Manchester Benchmark 1 ʠ 2, ʜʦʢ ʿʝ ʤʝʪʦʜʘ ʚʘʣʠʜʘʮʠʿʝ ʠ 

ʚʘʣʠʜʘʮʠʿʘ  ʨʘʟʣʠʯʠʪʠʭ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʧʘʨʮʠʿʘʣʥʦ ʜʝʬʠʥʠʩʘʥʘ ʦʜ 

ʩʪʨʘʥʝ ʨʘʟʣʠʯʠʪʠʭ ʠʩʪʨʘʞʠʚʘʯʘ [1,2,3,4,5], ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʙʠʣʠ 

ʦʜ ʠʥʪʝʨʝʩʘ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ ʤʦʜʝʣʘ ʠ ʠʟʫʯʘʚʘˁʘ ʧʦʥʘʰʘˁʘ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. 

ʈʘʟʣʠʯʠʪʠ ʤʦʜʝʣʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʚʘʛʦʥʘ ʜʘʿʫ ʨʝʟʫʣʪʘʪʝ ʢʦʿʠ 

ʩʝ ʫ ʚʝ˂ʦʿ ʠʣʠ ʤʘˁʦʿ ʤʝʨʠ ʨʘʟʣʠʢʫʿʫ. ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʥʠʢʘʜʘ ʥʝ ʤʦʛʫ ʧʦʪʧʫʥʦ ʧʦʢʣʦʧʠʪʠ, ʧʦʩʪʘʚˀʘ ʩʝ 

ʧʠʪʘˁʝ ʫ ʢʦʿʦʿ ʤʝʨʠ ʨʝʟʫʣʪʘʪʠ ʦʜʨʝʹʝʥʦʛ ʤʦʜʝʣʘ ʤʦʛʫ ʨʝʣʝʚʘʥʪʥʦ ʜʘ  ʧʨʝʜʩʪʘʚʝ 

ʨʝʘʣʥʦ ʧʦʥʘʰʘˁʝ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʛʣʘʚʥʠ ʮʠˀ ʜʦʩʘʜʘʰˁʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʠʤʝʥʦʤ ʩʠʤʫʣʘʮʠʿʝ 

ʢʨʝʪʘˁʘ ʙʠʦ ʧʨʦʫʯʘʚʘˁʝ ʬʝʥʦʤʝʥʘ ʚʝʟʘʥʠʭ ʟʘ ʢʨʝʪʘˁʝ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʥʠʩʫ 

ʯʠˁʝʥʠ ʩʠʩʪʝʤʘʪʩʢʠ ʥʘʧʦʨʠ ʧʦʩʚʝ˂ʝʥʠ ʨʘʟʚʠʿʘˁʫ ʿʝʜʠʥʩʪʚʝʥʠʭ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ 

ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʩʠʤʫʣʘʮʠʿʝ. ʄʝʹʫʪʠʤ, ʩʚʝʩʥʠ ʟʥʘʯʘʿʘ ʪʦʛ ʧʠʪʘˁʘ, ʥʠʟ ʘʫʪʦʨʘ ʿʝ ʫ 

ʦʢʚʠʨʫ ʩʚʦʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʢʨʝʪʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʥʝʟʘʚʠʩʥʦ ʨʘʟʚʠʿʘʦ 

ʨʘʟʣʠʯʠʪʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ. 

ʋ ʧʦʯʝʪʥʦʿ ʬʘʟʠ ʠʥʪʝʥʟʠʚʥʝ ʧʨʠʤʝʥʝ ʩʠʤʫʣʘʮʠʿʝ ʢʨʝʪʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ  ʚʦʟʠʣʘ, 

ʪʦʢʦʤ ʧʨʚʝ ʧʦʣʦʚʠʥʝ ʧʨʝʪʭʦʜʥʝ ʜʝʮʝʥʠʿʝ, ʤʝʪʦʜʠ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʩʫ 

ʟʘʩʥʠʚʘʥʠ ʥʘ ʧʦʨʝʹʝˁʫ ʚʨʝʤʝʥʩʢʠʭ ʧʨʦʤʝʥʘ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʨʝˁʠʤʘ. ʋ ʪʝ ʩʚʨʭʝ ʩʫ ʢʦʨʠʰʪʝʥʠ ʩʠʛʥʘʣʠ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ 

ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʠ ʩʠʛʥʘʣʠ ʩʠʣʘ ʫ ʚʝʰʘʿʥʦʤ ʩʠʩʪʝʤʫ ʚʦʟʠʣʘ. ʅʘʿʚʘʞʥʠʿʠ ʧʨʠʤʝʨ 

ʪʘʢʚʦʛ ʧʨʠʩʪʫʧʘ ʧʨʦʙʣʝʤʫ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʫ 

ʬʨʝʢʚʝʥʪʥʦʤ  ʜʦʤʝʥʫ ʿʝ ʜʘʪ ʫ ʨʝʬʝʨʝʥʮʠ [3]. 
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ʉʪʦʭʘʩʪʠʯʢʠ ʢʘʨʘʢʪʝʨ ʩʠʛʥʘʣʘ, ʤʝʹʫʪʠʤ, ʯʠʥʠ ʦʮʝʥʫ ʚʨʝʤʝʥʩʢʠʭ ʟʘʧʠʩʘ 

ʢʦʨʠʰʪʝʥʠʭ ʩʠʛʥʘʣʘ ʩʣʦʞʝʥʦʤ, ʧʘ ʩʫ ʫ ʜʨʫʛʦʿ ʧʦʣʦʚʠʥʠ ʧʨʝʪʭʦʜʥʝ ʜʝʮʝʥʠʿʝ 

ʨʘʟʚʠʿʘʥʠ ʤʝʪʦʜʠ ʧʦʨʝʹʝˁʘ ʤʝʨʥʠʭ ʩʠʛʥʘʣʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ. ʅʘʿʚʘʞʥʠʿʠ 

ʨʝʟʫʣʪʘʪʠ ʚʝʟʘʥʠ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʠ ʚʘʣʠʜʘʮʠʿʫ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʫ 

ʬʨʝʢʚʝʥʪʥʦʤ  ʜʦʤʝʥʫ ʩʫ ʜʘʪʠ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [2 ï 4]. 

ʅʘ ʟʥʘʯʘʿ ʠ ʚʘʞʥʦʩʪ, ʢʘʦ ʠ ʥʘ ʧʦʪʨʝʙʫ, ʜʝʬʠʥʠʩʘˁʘ ʿʝʜʠʥʩʪʚʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʫʢʘʟʫʿʫ ʨʘʜʦʚʠ 

ʚʦʜʝ˂ʠʭ ʠʩʪʨʘʞʠʚʘʯʘ ʫ ʦʚʦʿ ʦʙʣʘʩʪʠ ʢʘʦ ʰʪʦ ʩʫ S. Stichel [6],  M.Berg [7],  

S.D. Iwnicky [8] ʠ ʜʨʫʛʠ. 

ɱʝʜʥʫ ʦʜ ʥʘʿʦʙʠʤʥʠʿʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʙʣʘʩʪʠ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʠʟʚʨʰʝʥʘ ʿʝ ʫ ʦʢʚʠʨʫ ʨʘʜʥʦʛ ʧʘʢʝʪʘ WP-5 ĂModel building and 

validationñ ʌʇ7 ʧʨʦʿʝʢʪa ĂDynoTrainñ .  

ʋ ʮʠˀʫ ʜʝʬʠʥʠʩʘˁʘ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʩʠʤʫʣʘʮʠʿʝ ʜʠʥʘʤʠʯʢʦʛ 

ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʩʪʨʦʛʦ ʜʝʬʠʥʠʩʘʥʠ ʧʦʿʤʦʚʠ 

ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ, ʘ ʟʘʪʠʤ ʿʝ ʠʟʚʨʰʝʥ ʧʨʝʛʣʝʜ ʤʝʪʦʜʦʣʦʛʠʿʘ 

ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʨʠʢʘ. ʆʩʥʦʚʥʠ ʮʠˀ ʪʦʛʘ ʧʦʩʣʘ ʿʝ ʨʘʟʚʦʿ ʪʝʦʨʝʪʩʢʠʭ 

ʦʩʥʦʚʘ ʟʘ ʬʦʨʤʠʨʘˁʝ ʥʦʚʝ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʨʠʢʝ ʢʦʿʘ ʙʠ ʩʝ ʤʦʛʣʘ ʧʨʠʤʝʥʠʪʠ ʟʘ 

ʦʮʝʥʫ ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʥʫʤʝʨʠʯʢʝ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ʧʨʠ ʢʨʝʪʘˁʫ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ.  

ʆʩʥʦʚʥʠ ʮʠˀ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʜʝʬʠʥʠʩʘˁʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʰʪʦ ʧʦʜʨʘʟʫʤʝʚʘ ʜʝʬʠʥʠʩʘˁʝ ʧʘʨʘʤʝʪʘʨʘ, ʛʨʘʥʠʯʥʠʭ 

ʚʨʝʜʥʦʩʪʠ ʠ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʨʠʢʝ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʩʠʤʫʣʘʮʠʿʝ ʜʠʥʘʤʠʯʢʦʛ 

ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ.   

ʈʘʟʚʠʿʝʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʚʘʣʠʜʘʮʠʿʝ ʧʨʠʤʝˁʝʥʘ ʿʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʚʘʛʦʥʘ ʟʘ 

ʧʨʝʚʦʟ ʨʫʜʝ ʛʚʦʞʹʘ, ʧʨʠ ʯʝʤʫ ʩʫ ʧʦʨʝʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʥʫʤʝʨʠʯʢʦʤ 

ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. 

ʅʫʤʝʨʠʯʢʠ ʤʦʜʝʣ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʿʝ ʬʦʨʤʠʨʘʥ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʧʘʢʝʪʫ ĂGensysñ. 

ɼʘ ʙʠ ʩʝ ʤʠʥʠʤʠʟʦʚʘʣʝ ʛʨʝʰʢʝ ʦʙʨʘʜʝ ʩʠʛʥʘʣʘ, ʠʩʪʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʿʝ ʢʦʨʠʰʪʝʥ 

ʟʘ ʦʙʨʘʜʫ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ ʠ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʫ 

ʩʢʣʘʜʫ ʩʘ ʧʨʝʧʦʨʫʢʘʤʘ UIC-ʘ.  

 ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʟʘ ʧʨʝʚʦʟ ʨʫʜʝ ʛʚʦʞʹʘ 

ʠʟʚʨʰʝʥʦ ʿʝ ʦʜ ʩʪʨʘʥʝ ʧʨʝʜʫʟʝ˂ʘ ĂInterfleetñ ʠʟ ʉʦʣʥʝ (ʐʚʝʜʩʢʘ), ʧʨʠ ʯʝʤʫ ˂ʝ ʫ 

ʦʚʦʤ ʨʘʜʫ ʙʠʪʠ ʢʦʨʠʰʪʝʥʠ ʥʝʦʙʨʘʹʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠʟ ʜʚʘ ʪʝʩʪʘ, ʠ ʪʦ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʥʘʪʦʚʘʨʝʥʦʛ ʠ ʧʨʘʟʥʦʛ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. 

ʈʝʟʫʣʪʘʪʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʟʘ ʧʨʝʚʦʟ ʨʫʜʝ ʛʚʦʞʹʘ ʧʨʝʤʘ 

ʥʦʚʦʧʨʝʜʣʦʞʝʥʦʿ ʤʝʪʨʠʮʠ ʩʫ ʧʦʨʝʹʝʥʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʚʘʣʠʜʘʮʠʿʝ ʤʝʪʦʜʦʣʦʛʠʿʝ 

ʯʠʿʠ ʿʝ ʘʫʪʦʨ O. Polach [10], ʘ ʢʦʿʠ ʩʫ ʧʨʦʠʩʪʝʢʣʠ ʠʟ ʠʩʪʨʘʞʠʚʘˁʘ ʩʧʨʦʚʝʜʝʥʠʭ ʫ 

ʦʢʚʠʨʫ ʌʇ7 ʧʨʦʿʝʢʪʘ ĂDynoTrainñ. 
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ʇʨʝʜʣʦʞʝʥʘ ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʢʨʝʪʘˁʘ ʥʘʪʦʚʘʨʝʥʦʛ 

ʠ ʧʨʘʟʥʦʛ ʚʦʟʠʣʘ ʥʘ ʧʨʘʚʮʫ ʠ ʫ ʢʨʠʚʠʥʠ. 

ʇʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ ʚʘʣʠʜʘʮʠʦʥʠʝ ʤʝʪʨʠʢʝ ʢʦʿʫ ʿʝ ʧʨʝʜʣʦʞʠʦ O. Polach ʠ 

ʥʦʚʦʧʨʝʜʣʦʞʝʥʝ ʤʝʪʨʠʢʝ, ʥʘ ʦʩʥʦʚʫ ʩʠʛʥʘʣʘ ʫ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ ʠ ʥʘ ʦʩʥʦʚʫ 

ʦʜʦʛʦʚʘʨʘʿʫ˂ʠʭ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʠʟʚʨʰʝʥʘ ʝʿ ʘʥʘʣʠʟʘ ˁʠʭʦʚʝ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ. 
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2 ɺɸʃʀɼɸʎʀɱɸ ʀ ɺɽʈʀʌʀʂɸʎʀɱɸ ʄʆɼɽʃɸ 

2.1 ʋɺʆɼ 

ʅʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʦʥʘʰʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʟʘʫʟʠʤʘʿʫ ʩʚʝ 

ʟʥʘʯʘʿʥʠʿʫ ʫʣʦʛʫ, ʢʘʢʦ ʫ ʦʙʣʘʩʪʠ ʧʨʦʿʝʢʪʦʚʘˁʘ, ʪʘʢʦ ʠ ʫ ʧʨʝʜʚʠʹʘˁʫ ʧʦʥʘʰʘˁʘ 

ʩʠʩʪʝʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ.  ʉʘ ʧʨʦʰʠʨʝˁʝʤ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ 

ʩʝ ʤʦʜʝʣʠʨʘʿʫ ʨʘʟʣʠʯʠʪʝ ʧʦʿʘʚʝ ʠ ʬʝʥʦʤʝʥʠ, ʩʘ ʫʧʦʪʨʝʙʦʤ ʿʝʜʥʦʩʪʘʚʥʠʿʠʭ ʠ ʣʘʢʰʠʭ 

ʠʥʪʝʨʬʝʿʩʘ ʟʘ ʤʦʜʝʣʠʨʘˁʝ ʩʠʩʪʝʤʘ ʠ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʦʤ ʮʝʥʦʤ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ, 

ʫʧʦʪʨʝʙʘ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʿʝ ʩʚʝ ʚʝ˂ʘ. 

ʅʫʤʝʨʠʯʢʠ ʤʦʜʝʣʠ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʟʥʘʪʥʦ ʩʤʘˁʫʿʫ ʚʨʝʤʝ ʨʘʟʚʦʿʘ ʥʦʚʠʭ 

ʠ ʫʥʘʧʨʝʹʝˁʘ ʩʪʘʨʠʭ ʩʠʩʪʝʤʘ, ʘ ʧʦʨʝʜ ʪʦʛʘ ʦʪʚʘʨʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʜʚʠʹʘˁʘ 

ʧʦʥʘʰʘˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ, ʠʣʠ ʿʝ ʚʝʦʤʘ ʩʢʫʧʦ, ʠʟʚʨʰʠʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʨʝʘʣʥʦʛ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ. 

ʉʘ ʩʚʝ ʚʝ˂ʦʤ ʫʧʦʪʨʝʙʦʤ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʧʦʥʘʰʘˁʘ ʤʝʭʘʥʠʯʢʠʭ 

ʩʠʩʪʝʤʘ, ʧʦʩʪʘʚˀʘ ʩʝ ʧʠʪʘˁʝ: Ăʂʦʣʠʢʦ ʩʫ ʪʘʯʥʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʥʘʰʘˁʘ 

ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʦʩʥʦʚʫ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ?ñ. ʅʘʿʯʝʰ˂ʝ ʩʝ ʪʘʯʥʦʩʪ 

ʧʨʝʜʚʠʹʘˁʘ ʦʜʨʝʹʫʿʝ ʧʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʠʟ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ, ʢʘʜʘ ʿʝ ʪʦ ʤʦʛʫ˂ʝ. 

ʇʦʨʝʹʝˁʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʠʢʘʟʫʿʫ ʫ ʬʦʨʤʠ x-y ʜʠʿʘʛʨʘʤʘ, ʜʚʦʜʠʤʝʥʟʠʦʥʠʭ ʢʦʥʪʫʨʘ 

ʠ ʩʣʠʯʥʦ.  

ʇʨʠʣʠʢʦʤ ʦʮʝʥʝ ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʩʫʦʯʘʚʘʤʦ ʩʝ ʩʘ ʜʚʘ ʦʩʥʦʚʥʘ ʧʠʪʘˁʘ: 

¶ ʂʘʜʘ ʩʤʘʪʨʘʤʦ ʜʘ ʧʦʩʪʦʿʠ ʜʦʙʨʦ ʩʣʘʛʘˁʝ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʥʫʤʝʨʠʯʢʠʤ ʤʦʜʝʣʠʤʘ? 

¶ ʂʦʿʘ ʿʝ ʤʝʨʘ ʩʣʘʛʘˁʘ? 

ɸʧʩʦʣʫʪʥʠ ʩʪʘʥʜʘʨʜʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ, ʢʦʿʠ ʙʠ ʩʝ ʤʦʛʣʠ ʧʨʠʤʝʥʠʪʠ ʥʘ ʩʚʝ 

ʤʦʜʝʣʝ ʠ ʟʘ ʩʚʝ ʫʩʣʦʚʝ ʫ ʢʦʿʠʤʘ ʞʝʣʠʤʦ ʜʘ ʠʟʫʯʘʚʘʤʦ ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʠʭ ʦʙʿʝʢʘʪʘ 

ʠʣʠ ʩʠʩʪʝʤʘ, ʥʝ ʧʦʩʪʦʿʝ. ʍʪʝʣʠ ʪʦ ʠʣʠ ʥʝ, ʚʘʣʠʜʘʮʠʿʘ ʦʜʨʝʹʝʥʦʛ ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʦʜ 

ʪʦʛʘ ʛʜʝ ʠ ʢʘʢʦ ˂ʝ ʩʝ ʪʘʿ ʤʦʜʝʣ ʫʧʦʪʨʝʙʠʪʠ ʫ ʜʘˀʝʤ ʠʩʪʨʘʞʠʚʘˁʫ. ɿʙʦʛ ʩʚʝʛʘ 

ʥʘʚʝʜʝʥʦʛ, ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʿʝ ʿʦʰ ʫʚʝʢ ʦʪʚʦʨʝʥʦ ʧʠʪʘˁʝ.  

ʅʘ ʧʨʠʤʝʨ, ʿʝʜʘʥ ʤʦʜʝʣ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʠʪʠ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʧʨʠʣʠʢʦʤ 

ʧʨʦʿʝʢʪʦʚʘˁʘ ʧʨʦʪʦʪʠʧʘ ʿʝʨ ʧʦʢʘʟʫʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʪʨʝʥʜ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ, ʜʦʢ 

ʪʘʿ ʠʩʪʠ ʤʦʜʝʣ ʤʦʞʝ ʙʠʪʠ ʧʦʪʧʫʥʦ ʥʝʫʧʦʪʨʝʙˀʠʚ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ 
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ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. ʊʘʢʦʹʝ, ʦʜʨʝʹʝʥʠ ʤʦʜʝʣ ʤʦʞʝ ʙʠʪʠ ʩʘʩʚʠʤ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʫ ʩʪʘʪʠʯʢʠʤ ʠ ʢʚʘʟʠ-ʩʪʘʪʠʯʢʠʤ ʫʩʣʦʚʠʤʘ, ʜʦʢ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʫ ʜʠʥʘʤʠʯʢʠʤ ʫʩʣʦʚʠʤʘ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʥʠʿʝ 

ʧʨʠʭʚʘʪˀʠʚ. 

ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʿʫ˂ʠ, ʧʨʠʣʠʢʦʤ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʫʩʧʦʩʪʘʚˀʘ ʩʝ ʢʦʨʝʣʘʮʠʿʘ 

ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʧʨʝʜʚʠʹʘˁʝʤ-ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ. ɼʘ ʙʠ ʤʦʜʝʣ ʤʦʛʘʦ ʜʦʚʦˀʥʦ ʜʦʙʨʦ ʜʘ ʧʨʝʜʚʠʹʘ 

ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʦʛ ʦʙʿʝʢʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ 

ʙʫʜʫ ʰʪʦ ʿʝ ʤʦʛʫ˂ʝ ʙʣʠʞʝ ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʠʚʘˁʘ.  

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʿʝ ʠʪʝʨʘʪʠʚʘʥ ʧʨʦʮʝʩ ʯʠʿʠ ʩʫ ʦʩʥʦʚʥʠ ʢʦʨʘʮʠ: 

1. ɼʝʬʠʥʠʮʠʿʘ ʢʨʠʪʝʨʠʿʫʤʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ, 

2. ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʨʝʟʫʣʪʘʪʘ ʠʩʧʠʪʠʚʘˁʘ, 

3. ʇʦʜʝʰʘʚʘˁʝ  ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ. 

ʅʘʢʦʥ ʠʟʚʨʰʝʥʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʨʝʟʠʤʠʨʘʪʠ ʨʝʟʫʣʪʘʪʝ ʚʘʣʠʜʘʮʠʿʝ, 

ʥʘʚʦʜʝ˂ʠ ʜʘ ʣʠ  ʧʦʩʤʘʪʨʘʥʠ ʤʦʜʝʣ ʤʦʞʝ ʧʨʝʜʩʪʘʚˀʘʪʠ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤ ʟʘ: 

1. ʆʜʛʦʚʘʨʘʿʫ˂ʫ ʥʘʤʝʥʫ, 

2. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʩʠʩʪʝʤ ʠʣʠ ʢʣʘʩʫ ʩʠʩʪʝʤʘ, 

3. ʆʜʛʦʚʘʨʘʿʫ˂ʝ ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʫʩʣʦʚʝ. 

ɱʝʜʥʦʤ ʢʘʜʘ ʿʝ ʠʟʚʨʰʝʥʘ ʚʘʣʠʜʘʮʠʿʘ, ʤʦʜʝʣ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʫʤʝʩʪʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʫ 

ʫʩʣʦʚʠʤʘ ʟʘ ʢʦʿʝ ʿʝ ʠʟʚʨʰʝʥʘ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ. ʄʦʜʝʣ ʩʝ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ ʟʘ ʫʩʣʦʚʝ ʢʦʿʠ ʥʠʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʫ ʧʨʦʮʝʩʫ 

ʚʘʣʠʜʘʮʠʿʝ. 

ʉʝʢʚʝʥʮʘ ʧʣʘʥʠʨʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʦʙʨʘʜʝ ʠ ʘʥʘʣʠʟʝ ʧʦʜʘʪʘʢʘ 

ʧʦʪʨʝʙʥʠʭ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ, ʧʨʝʜʩʪʘʚˀʘ ʜʫʛʦʪʨʘʿʘʥ ʠ ʚʨʝʤʝʥʩʢʠ ʟʘʭʪʝʚʘʥ 

ʧʨʦʮʝʩ. ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʿʝ ʦʧʨʘʚʜʘʥʘ ʩʘʤʦ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ 

ʚʠʰʝʩʪʨʫʢʘ ʢʦʨʠʩʪ ʦʜ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ. ʆʧʨʘʚʜʘʥʦʩʪ ʨʘʟʚʠʿʘˁʘ ʠ ʩʧʨʦʚʦʹʝˁʘ 

ʧʨʦʮʝʩʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʟʘʚʠʩʠ ʦʜ ʚʨʝʤʝʥʘ ʠ ʪʨʫʜʘ ʧʦʪʨʝʙʥʦʛ 

ʜʘ ʩʝ ʠʟʚʨʰʠ ʚʘʣʠʜʘʮʠʿʘ, ʢʘʦ ʠ ʪʨʦʰʢʦʚʘ ʠ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʠʟʚʨʰʝ ʜʦʜʘʪʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ. ʋʢʦʣʠʢʦ ʿʝ ʤʦʜʝʣ ʥʘʤʝˁʝʥ ʟʘ ʦʛʨʘʥʠʯʝʥʝ ʫʩʣʦʚʝ ʠ 

ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʟʘ ʦʛʨʘʥʠʯʝʥʠ ʦʧʩʝʛ ï ʜʦʤʝʥ ʠʥʪʝʨʝʩʦʚʘˁʘ, ʪʨʝʙʘ 

ʨʘʟʤʦʪʨʠʪʠ ʦʧʮʠʿʫ ʜʘ ʩʝ ʠʟʚʨʰʝ ʜʦʜʘʪʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ. ʄʝʹʫʪʠʤ, 

ʫʢʦʣʠʢʦ ʿʝ ʤʦʜʝʣ ʥʘʤʝˁʝʥ ʜʘ ʧʨʝʜʚʠʹʘ ʧʦʥʘʰʘˁʝ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʨʘʟʣʠʯʠʪʠʭ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʭ ʫʩʣʦʚʘ, ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʫ˂ʠ ʪʨʦʰʢʦʚʝ ʥʘʩʪʘʣʝ ʜʦʜʘʪʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʠʣʠ ʝʣʠʤʠʥʠʰʫ˂ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ, ʦʥʜʘ ʩʫ ʨʘʟʚʦʿ ʠ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʦʧʨʘʚʜʘʥʠ. 

ʊʨʦʰʢʦʚʠ ʨʘʟʚʦʿʘ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʤʦʛʫ ʟʥʘʪʥʦ ʜʘ  ʚʘʨʠʨʘʿʫ,  ʧʘ  ʫ ʥʝʢʦʤ 

ʩʣʫʯʘʿʫ ʜʘ ʙʫʜʫ ʯʘʢ ʠ ʚʝ˂ʠ ʦʜ ʪʨʦʰʢʦʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ. ʊʨʦʰʢʦʚʠ 
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ʚʘʣʠʜʘʮʠʿʝ ʟʘʚʠʩʝ ʦʜ ʧʨʠʨʦʜʝ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʠ ʤʦʜʝʣʘ ʥʘʜ ʢʦʿʠʤ ʩʝ ʚʨʰʠ 

ʚʘʣʠʜʘʮʠʿʘ, ʦʜ ʥʘʤʝʥʝ ʤʦʜʝʣʘ, ʚʨʩʪʝ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ ʧʨʝʜʩʪʘʚˀʘ ʤʦʜʝʣʦʤ, ʦʜ 

ʫʩʣʦʚʘ ʟʘ ʢʦʿʠ ʤʦʜʝʣ  ʪʨʝʙʘ ʜʘ ʧʨʝʜʚʠʜʠ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ, ʦʜ ʜʦʩʪʫʧʥʠʭ ʘʣʘʪʘ ʜʘ 

ʩʝ ʠʟʚʨʰʠ ʚʘʣʠʜʘʮʠʿʘ, ʢʘʦ ʠ ʦʜ ʫʩʣʦʚʘ ʧʦʜ ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʠʟʚʨʰʠʪʠ ʧʦʪʨʝʙʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʪʨʝʙʥʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʿʫ˂ʠ, 

ʥʘʿʚʝ˂ʠ ʜʝʦ ʪʨʦʰʢʦʚʘ ʚʝʟʘʥʠʭ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʤʦʞʝ ʙʠʪʠ ʫʤʘˁʝʥ ʢʨʦʟ ʜʦʙʨʦ 

ʧʣʘʥʠʨʘʥ ʝʢʩʧʝʨʠʤʝʥʪ, ʥʘʤʝˁʝʥ ʚʘʣʠʜʘʮʠʿʠ ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʟʘ ʦʜʨʝʹʝʥʝ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʝ ʫʩʣʦʚʝ. 

ʇʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʥʘʿʯʝʰ˂ʝ ʟʘʭʪʝʚʘ ʧʣʘʥʠʨʘˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤʝˁʝʥʦʛ 

ʠʩʢˀʫʯʠʚʦ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ, ʫ ʢʦʤʝ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʧʦʜʘʮʠ ʟʘ ʚʝʣʠʯʠʥʝ ʢʦʿʝ ʯʝʩʪʦ 

ʥʠʩʫ ʦʜ ʠʥʪʝʨʝʩʘ ʧʨʠʣʠʢʦʤ ʩʪʘʥʜʘʨʜʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ. ʀʟ ʪʠʭ 

ʨʘʟʣʦʛʘ ʩʫ ʘʥʘʣʠʟʘ ʠ ʦʙʨʘʜʘ ʧʦʜʘʪʘʢʘ ʧʨʠʣʠʢʦʤ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʯʝʩʪʦ ʟʥʘʪʥʦ 

ʩʣʦʞʝʥʠʿʝ ʦʜ ʦʥʠʭ ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʥʝ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ 

ʥʘʤʝˁʝʥʠʤ ʧʨʦʫʯʘʚʘˁʫ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. ʇʨʠʤʝʥʘ 

ʩʠʤʫʣʘʮʠʿʝ ʢʨʝʪʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʧʨʝʤʘ ʪʦʤʝ, ʦʪʚʘʨʘ ʚʝʣʠʢʝ ʤʦʛʫ˂ʥʦʩʪʠ ʫ 

ʞʝʣʝʟʥʠʯʢʦʤ ʤʘʰʠʥʩʪʚʫ, ʘʣʠ ʟʘʭʪʝʚʘ ʜʦʧʫʥʩʢʝ ʥʘʧʦʨʝ ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʫ ʧʠʪʘˁʝ 

ˁʠʭʦʚʫ ʦʧʨʘʚʜʘʥʦʩʪ. ʄʝʪʦʜʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʠʛʨʘʿʫ ʦʜʣʫʯʫʿʫ˂ʫ ʫʣʦʛʫ ʫ 

ʧʨʦʮʝʥʠ ˁʠʭʦʚʝ ʫʧʦʪʨʝʙˀʠʚʦʩʪʠ, ʰʪʦ ˁʠʭʦʚʦ ʠʟʫʯʘʚʘˁʝ ʩʪʘʚˀʘ ʫ ʞʠʞʫ 

ʩʘʚʨʝʤʝʥʠʭ ʪʝʦʨʠʿʩʢʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʜʠʥʘʤʠʮʠ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. 

2.2 ʄʆɼɽʃ, ɺɽʈʀʌʀʂɸʎʀɱɸ ʀ ɺɸʃʀɼɸʎʀɱɸ 

ʇʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ, ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ ʿʝ ʧʨʚʠ 

ʧʫʪ ʧʨʝʜʩʪʘʚˀʝʥ 1979 ʛʦʜ. ʦʜ ʩʪʨʘʥʝ Ăɼʨʫʰʪʚʘ ʟʘ ʢʦʤʧʿʫʪʝʨʩʢʝ 

ʩʠʤʫʣʘʮʠʿʝñ (Society for Computer Simulation). ʋʧʨʦʰ˂ʝʥʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ  ʜʘʪ ʿʝ ʥʘ ʩʣʠʮʠ 2-1 ʫ ʚʠʜʫ ñSargent Circleò[11]. 

ʇʠʪʘˁʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʿʝ ʚʝʦʤʘ ʩʣʦʞʝʥʦ ʠ ʚʝʨʦʚʘʪʥʦ ʧʦʩʪʦʿʠ ʦʥʦʣʠʢʦ 

ʤʠʰˀʝˁʘ ʦ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ ʢʦʣʠʢʦ ʠʤʘ ʠ ʠʩʪʨʘʞʠʚʘʯʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʦʚʦʤ 

ʧʨʦʙʣʝʤʘʪʠʢʦʤ. ʋ ʦʚʦʤ ʨʘʜʫ, ʧʦʩʝʙʥʘ ʧʘʞˁʘ ʿʝ ʧʦʩʚʝ˂ʝʥʘ ʘʩʧʝʢʪʫ ʚʘʣʠʜʘʮʠʿʝ 

ʤʦʜʝʣʘ - ʧʨʦʮʝʩ ʫʧʦʨʝʹʠʚʘˁʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ  ʩʠʤʫʣʘʮʠʿʦʤ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ 

ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ. 

ʆʯʝʢʠʚʘʥʠ ʨʝʟʫʣʪʘʪ ʧʨʦʮʝʩʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʿʝ ʢʚʘʥʪʠʪʘʪʠʚʥʘ 

ʦʮʝʥʘ ʦ ʩʣʘʛʘˁʫ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ, ʢʘʦ ʠ ʦʮʝʥʘ ʫ ʢʦʿʦʿ ʤʝʨʠ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʪʘʯʥʦ ʧʨʝʜʩʪʘʚˀʘ ʨʝʘʣʥʠ 

ʩʠʩʪʝʤ.  
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˾͔͙͊ͤ͡ ͙͔ͫͫͭͣ

˸͔͙͊ͭͣ͊ͭ;͙͟ 
͔ͣͦ͒͡

˴͔͙ͦͣͨͯͭͪͫ͟͞ 
͔ͣͦ͒͡

ˤ͙͊͒͊͡ͼ͙͊͞

ˮ͔͔ͣͨͣͤͭ͊͡ͼ͙͊͞

˸͔͙͔ͦ͒ͪ͊ͥ͡

˾͔͙ͯͭ͊ͭ͘͡ 
͙ͫͣͯ͊͡ͼ͙͔͞

 
ʉʣʠʢʘ 2-1. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʦʮʝʩʘ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ 

ʇʨʦʮʝʩ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʿʝ ʠʪʝʨʘʪʠʚʥʠ ʧʨʦʮʝʩ ʢʦʿʠ ʩʝ ʧʦʥʘʚˀʘ 

ʦʥʦʣʠʢʦ ʧʫʪʘ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʪʘʯʥʦʩʪ ʠ ʧʨʝʮʠʟʥʦʩʪ ʫ ʧʦʩʪʫʧʢʫ 

ʨʘʟʚʠʿʘˁʘ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ.  

ʈʝʘʣʥʠ ʩʠʩʪʝʤ, ʧʨʠʢʘʟʘʥ ʥʘ ʉʣʠʮʠ 2-1, ʧʨʝʜʩʪʘʚˀʘ ʬʠʟʠʯʢʠ ʩʠʩʪʝʤ, ʩʢʣʦʧ, ʜʝʦ ʠʣʠ 

ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʧʨʦʫʯʘʚʘ. 

ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʦʙʫʭʚʘʪʘ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ, ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʘʪʝʤʘʪʠʯʢʠ 

ʟʘʧʠʩ ʠ ʜʨʫʛʝ ʧʦʪʨʝʙʥʝ ʧʦʜʘʪʢʝ ʜʘ ʙʠ ʩʝ ʥʫʤʝʨʠʯʢʠ ʦʧʠʩʘʦ ʨʝʘʣʥʠ ʩʠʩʪʝʤ 

[11],[12],[13]. ʄʦʜʝʣ ʿʝ ʥʘʿʯʝʰ˂ʝ ʦʧʠʩʘʥ ʫ ʬʦʨʤʠ ʜʠʬʝʨʝʥʮʠʿʘʣʥʠʭ ʿʝʜʥʘʯʠʥʘ, 

ʟʘʢʦʥʠʤʘ ʬʠʟʠʢʝ, ʛʝʦʤʝʪʨʠʿʦʤ ʠ ʛʨʘʥʠʯʥʠʤ ʫʩʣʦʚʠʤʘ ʧʦʪʨʝʙʥʠʤ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. 

ʂʦʤʧʿʫʪʝʨʩʢʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ ʿʝʜʥʘʯʠʥʘ ʨʘʟʚʠʿʝʥʠʭ ʫ 

ʤʘʪʝʤʘʪʠʯʢʦʤ ʤʦʜʝʣʫ, ʥʘʿʯʝʰ˂ʝ ʫ ʦʙʣʠʢʫ ʥʫʤʝʨʠʯʢʝ ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ, ʘʣʛʦʨʠʪʘʤʘ 

ʠ ʢʨʠʪʝʨʠʿʫʤʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. 

ʇʨʦʮʝʩ ʫ ʢʦʤʝ ʩʝ ʦʜʨʝʹʫʿʫ ʙʠʪʥʝ ʦʩʦʙʠʥʝ ʬʠʟʠʯʢʦʛ ʩʠʩʪʝʤʘ ʢʘʦ ʠ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ˂ʝ 

ʦʜʘʙʨʘʥʝ ʦʩʦʙʠʥʝ ʙʠʪʠ ʤʘʪʝʤʘʪʠʯʢʠ ʧʨʝʜʩʪʘʚˀʝʥʝ ʫ ʦʢʚʠʨʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ 

ʥʘʟʠʚʘ ʩʝ ʤʦʜʝʣʠʨʘˁʝ. 

ʇʨʦʮʝʩ ʚʝʨʠʬʠʢʘʮʠʿʝ ʩʝ ʫ ʥʘʿʚʝ˂ʦʿ ʤʝʨʠ ʬʦʢʫʩʠʨʘ ʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʫʢʣʘˁʘˁʝ 

ʛʨʝʰʘʢʘ ʫ ʧʨʦʮʝʩʫ ʩʦʬʪʚʝʨʩʢʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʤʘʪʝʤʘʪʠʯʢʦʛ ʠ ʨʘʯʫʥʘʨʩʢʦʛ 

ʤʦʜʝʣʘ [11]. ɺʝʨʠʬʠʢʘʮʠʿʘ ʤʦʞʝ ʜʘˀʝ ʙʠʪʠ ʧʦʜʝˀʝʥʘ ʫ ʚʝʨʠʬʠʢʘʮʠʿʫ ʨʘʯʫʥʘʨʩʢʦʛ 

ʢʦʜʘ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ ʧʨʦʨʘʯʫʥʘ. ɺʝʨʠʬʠʢʘʮʠʿʘ ʨʘʯʫʥʘʨʩʢʦʛ ʢʦʜʘ ʬʦʢʫʩʠʨʘ ʩʝ ʥʘ 

ʧʨʦʥʘʣʘʞʝˁʝ ʠ ʠʩʧʨʘʚˀʘˁʝ ʛʨʝʰʘʢʘ ʥʘʩʪʘʣʠʭ ʧʨʠʣʠʢʦʤ ʦʧʠʩʠʚʘˁʘ ʤʦʜʝʣʘ ʫ 

ʥʝʢʦʤ ʦʜ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ. ɺʝʨʠʬʠʢʘʮʠʿʘ ʧʨʦʨʘʯʫʥʘ ʙʘʚʠ ʩʝ ʦʮʝʥʦʤ ʛʨʝʰʘʢʘ 

ʥʘʩʪʘʣʠʭ ʧʨʠʣʠʢʦʤ ʠʟʚʨʰʝˁʘ ʩʦʬʪʚʝʨʩʢʦʛ ʢʦʜʘ ʟʘ ʦʜʨʝʹʝʥʫ ʩʠʤʫʣʘʮʠʿʫ. 

ʅʘʿʚʘʞʥʠʿʘ ʘʢʪʠʚʥʦʩʪ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʦʨʘʯʫʥʘ ʿʝ ʧʨʦʚʝʨʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʨʝʟʫʣʪʘʪʘ 

ʧʨʦʨʘʯʫʥʘ, ʦʜʥʦʩʥʦ, ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʧʨʦʨʘʯʫʥʠ ʠʟʚʨʰʝ ʩʘ ʬʠʥʠʿʦʤ ʤʨʝʞʦʤ ʠʣʠ 
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ʤʘˁʠʤ ʚʨʝʤʝʥʩʢʠʤ ʢʦʨʘʢʦʤ ʜʦʢ ʩʝ ʥʝ ʧʦʩʪʠʛʥʝ ʨʝʰʝˁʝ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ 

ʛʨʘʥʠʮʘʤʘ, ʦʜʥʦʩʥʦ ʩʘ ʫʥʘʧʨʝʜ ʟʘʜʘʪʠʤ ʪʦʣʝʨʘʥʮʠʿʘʤʘ. 

ʂʘʦ ʟʘʚʨʰʥʘ ʬʘʟʘ, ʘʢʪʠʚʥʦʩʪʠ ʚʘʣʠʜʘʮʠʿʝ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʬʦʨʤʠʨʘʿʫ ʦʮʝʥʫ ʪʘʯʥʦʩʪʠ 

ʤʦʜʝʣʘ ʧʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʠʤʫʣʘʮʠʿʝ ʜʦʙʠʿʝʥʠʤ 

ʠʟ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʤʦʜʝʣʘ. ɺʘʣʠʜʘʮʠʿʘ ʿʝ ʘʢʪʠʚʥʦʩʪ ʢʦʿʘ ʩʝ ʩʧʨʦʚʦʜʠ 

ʩʚʝ ʜʦʢ ʩʝ ʤʦʜʝʣ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪ ʫʥʘʧʨʝʹʫʿʝ, ʠʣʠ ʜʦʢ ʩʝ ʧʨʦʰʠʨʫʿʝ ʙʨʦʿ ʟʥʘʯʘʿʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠʤʘ ʩʝ ʨʝʘʣʥʠ ʩʠʩʪʝʤ ʦʧʠʩʫʿʝ [12], [13].  

ɼʦʢ ʩʫ ʥʘ ʩʣʠʮʠ 2-1 ʧʨʠʢʘʟʘʥʠ ʦʩʥʦʚʥʠ ʢʦʥʮʝʧʪʠ, ʥʘ ʩʣʠʮʠ 2-2 ʜʝʪʘˀʥʠʿʝ ʿʝ 

ʧʨʠʢʘʟʘʥ ʧʨʦʮʝʩ ʨʘʟʚʦʿʘ, ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ, ʛʜʝ ʣʝʚʘ ʛʨʘʥʘ 

ʠʣʫʩʪʨʫʿʝ ʧʨʦʮʝʩ ʧʨʠʢʫʧˀʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ, ʜʦʢ ʿʝ ʜʝʩʥʦʤ ʛʨʘʥʦʤ 

ʧʨʠʢʘʟʘʥ ʧʨʦʮʝʩ ʬʦʨʤʠʨʘˁʘ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ.   

ʄʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ, ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2-1, ʤʦʞʝ ʩʝ ʧʨʠʢʘʟʘʪʠ ʢʨʦʟ ʢʦʥʮʝʧʪʫʘʣʥʠ 

ʤʦʜʝʣ ʠ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2-2. ʂʦʥʮʝʧʪʫʘʣʥʠ 

ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʘʧʩʪʨʘʢʪʥʠ ʤʦʜʝʣ ʯʠʿʘ ʿʝ ʦʩʥʦʚʥʘ ʥʘʤʝʥʘ ʜʘ ʩʝ ʦʧʠʰʝ ʠ 

ʙʦˀʝ ʨʘʟʫʤʝ ʧʦʥʘʰʘˁʝ ʧʦʩʤʘʪʨʘʥʦʛ ʦʙʿʝʢʪʘ ʠʣʠ ʩʠʩʪʝʤʘ. ʋ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʫ 

ʬʘʟʠ ʨʘʟʚʦʿʘ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ ʫʯʝʩʪʚʫʿʫ, ʠʩʪʦʚʨʝʤʝʥʦ, ʠʥʞʝˁʝʨʠ ʟʘʜʫʞʝʥʠ 

ʟʘ ʨʘʟʚʦʿ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ ʢʘʦ ʠ ʪʠʤ ʦʜʛʦʚʦʨʘʥ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ 

ʠʩʧʠʪʠʚʘˁʝ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. ʈʘʟʚʦʿ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ ʟʘʭʪʝʚʘ ʜʘ ʩʝ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʮʠˀʝʚʠ, ʟʘʭʪʝʚʘʥʠ ʥʠʚʦ ʩʣʘʛʘˁʘ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ, ʦʙʣʘʩʪ ʟʘ ʢʦʿʫ ʩʝ ʨʘʟʚʠʿʘ ʤʦʜʝʣ, 

ʩʚʠ ʨʝʣʝʚʘʥʪʥʠ ʬʠʟʠʯʢʠ ʧʨʦʮʝʩʠ, ʧʨʝʪʧʦʩʪʘʚʢʝ, ʦʛʨʘʥʠʯʝˁʘ, ʢʘʦ ʠ ʜʘ ʩʝ ʜʝʬʠʥʠʰʝ 

ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ (ʚʝʣʠʯʠʥʝ ʢʦʿʝ ˂ʝ ʙʠʪʠ ʤʝʨʝʥʝ ʠ ʢʦʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚʫ ʟʘ 

ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʦʤ). 

ʅʘʢʦʥ ʰʪʦ ʿʝ ʬʦʨʤʠʨʘʥ ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ, ʩʘ ʿʝʜʥʝ ʩʪʨʘʥʝ ʩʝ ʧʨʠʩʪʫʧʘ 

ʧʣʘʥʠʨʘˁʫ ʝʢʩʧʝʨʠʤʝʥʪʘïʝʢʩʧʝʨʠʤʝʥʪ ʟʘ ʚʘʣʠʜʘʮʠʿʫ, ʘ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ ʩʝ ʬʦʨʤʠʨʘ 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ. ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʝʯʝʥʦ, ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʩʢʫʧ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʿʝʜʥʘʯʠʥʘ ʢʦʿʠʤʘ ʩʝ ʦʧʠʩʫʿʝ ʬʠʟʠʯʢʠ ʦʙʿʝʢʘʪ. ʋ ʤʝʭʘʥʠʮʠ, 

ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʩʘʜʨʞʠ ʟʘʢʦʥʝ ʦʜʨʞʘˁʘ ʤʘʩʝ, ʤʦʤʝʥʘʪʘ ʠ ʝʥʝʨʛʠʿʝ, ʜʝʬʠʥʠʮʠʿʝ 

ʧʨʦʩʪʦʨʥʦʛ ʠ ʚʨʝʤʝʥʩʢʦʛ ʜʦʤʝʥʘ, ʧʦʯʝʪʥʝ ʠ ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ ʢʘʦ ʠ ʢʦʥʩʪʠʪʫʪʠʚʥʝ 

ʿʝʜʥʘʯʠʥʝ ʙʠʪʥʝ ʟʘ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ. 
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˾͔͙͊ͤ͡ ͙͔ͫͫͭͣ

˴ͦͤͼ͔͙ͨͭͯ͊ͤ͡ ͔ͣͦ͒͡

˩͔͙͔ͫͨͪͣͤͭ͟ ͊͘ 
͍͙͊͒͊͡ͼ͙ͯ͞

˸͔͙͊ͭͣ͊ͭ;͙͟ ͔ͣͦ͒͡

˩͔͙͔͙ͫͨͪͣͤͭ͊ͤ͟͡ 
ͨͦ͒͊ͼ͙

˴͔͙ͦͣͨͯͭͪͫ͟͞ ͔ͣͦ͒͡

˩͔͙͔͙ͫͨͪͣͤͭ͊ͤ͟͡ 
͔͙ͪͯͭ͊ͭ͘͡ 

˾͔͙ͯͭ͊ͭ͘͡ ͙ͫͣͯ͊͡ͼ͙͔͞

˹͔͙͊ͪ͒ͤ ͔͙ͪ͊ͤ͡ 
͙͔ͫͫͭͣ

˽͙ͪͻ͍͙͍͊ͭͦ͢ 
͎͔ͫ͊͊ͥ͡

˽͔ͦͪΏ͔͔ͥ

͙͙̅͘;ͦ͟ 
͔͙͔ͣͦ͒ͪ͊ͥ͡

˩͔͙͔ͫͨͪͣͤͭ͟

˸͔͙͊ͭͣ͊ͭ;ͦ͟ 
͔͙͔ͣͦ͒ͪ͊ͥ͡

ˮ͔͔ͣͨͣͤͭ͊͡ͼ͙͊͞

͍̂ͭͪΏ͙͍͔͊ͥ 
͙ͨͦͯ͒͊ͤͦͫͭ͘

˨ˢ

˹˩
˾͔͍͙͙͊͘͞ ͔ͣͦ͒͊͡ 
͙͙͡ ͔͔͙͔ͫͨͪͣͤͭ͊͟

ˤ͔͙ͪͺ͙͊͟ͼ͙͊͞ 
ͦ͒͊͟ ͙ ͨͪͦͪ͊;ͯͤ͊

ˤ͙͊͒͊͡ͼ͙͊͞ 
͔ͣͦ͒͊͡

ˢͨͫͭͪ͊͟ͼ͙͊͞

˽͔ͪͭͻ͙ͦ͒ͤ 
ͨͪͦͪ͊;͙ͯͤ

͍̂ͭͪΏ͙͍͔͊ͥ 
͙ͨͦͯ͒͊ͤͦͫͭ͘

 

ʉʣʠʢʘ 2-2. ʇʨʠʢʘʟ ʧʨʦʮʝʩʘ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ 

ʂʦʤʧʿʫʪʝʨʩʢʠ ʤʦʜʝʣ ʧʨʝʜʩʪʘʚˀʘ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ ʫ ʬʦʨʤʠ ʧʦʛʦʜʥʦʿ ʟʘ 

ʢʦʤʧʿʫʪʝʨʩʢʦ ʧʨʝʜʩʪʘʚˀʘˁʝ, ʥʘʿʯʝʰ˂ʝ ʫ ʥʫʤʝʨʠʯʢʠ ʜʠʩʢʨʝʪʠʟʦʚʘʥʦʤ ʦʙʣʠʢʫ, 

ʦʧʠʩʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʘʣʛʦʨʠʪʤʠʤʘ, ʧʦʪʨʝʙʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘ ʥʫʤʝʨʠʯʢʝ 

ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʠ ʢʨʠʪʝʨʠʿʫʤʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ʂʦʤʧʿʫʪʝʨʩʢʠ ʤʦʜʝʣ ʩʘʜʨʞʠ 

ʢʦʤʧʿʫʪʝʨʩʢʠ ʧʨʦʛʨʘʤ ï ʢʦʜ, ʢʦʥʮʝʧʪʫʘʣʥʠ ʤʦʜʝʣ, ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʘʪʝʤʘʪʠʯʢʝ 

ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʠ ʧʨʝʪʧʦʩʪʘʚʢʝ, ʢʦʥʩʪʠʪʫʪʠʚʥʝ ʤʦʜʝʣʝ ʠ ʫʣʘʟʝ, ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʦʧʮʠʿʝ 

ʟʘ ʨʝʰʘʚʘˁʝ ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʦʙʣʝʤʘ ʢʘʦ ʠ  ʪʦʣʝʨʘʥʮʠʿʝ ʫ ʢʦʿʠʤʘ ʩʝ ʟʘʭʪʝʚʘ ʨʝʰʝˁʝ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʦʙʣʝʤʘ [11]. 

ʅʘʢʦʥ ʬʦʨʤʠʨʘˁʘ ʢʦʤʧʿʫʪʝʨʩʢʦʛ ʤʦʜʝʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʫʪʚʨʜʠ ʢʘʢʘʚ ʫʪʠʮʘʿ ʠʤʘʿʫ 

ʫʣʘʟʥʠ ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʥʘ ʨʝʟʫʣʪʘʪʝ ʩʠʤʫʣʘʮʠʿʝ. ʆʚʘʿ ʫʪʠʮʘʿ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʫʪʚʨʹʫʿʝ ʫ ʦʢʚʠʨʫ ʫʪʚʨʹʠʚʘˁʘ ʩʪʘʙʠʣʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ.  
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ʉʚʨʭʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʿʝ ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʤʦʜʝʣʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʨʘʟʫʤʝʿʫ ʩʚʝ ʫʚʝʜʝʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ, ʜʘ ʩʝ ʜʦʙʨʦ 

ʧʣʘʥʠʨʘ ʠ ʢʦʥʪʨʦʣʠʰʝ ʩʘʤʘ ʨʝʘʣʠʟʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.    

ʅʘʢʦʥ ʜʝʬʠʥʠʩʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ, ʧʨʠʩʪʫʧʘ ʩʝ ʠʟʚʦʹʝˁʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘ,  ʪʦʢʦʤ ʢʦʛʘ ʩʝ ʧʨʠʢʫʧˀʘʿʫ ʧʦʜʘʮʠ ʩʘ ʨʘʟʣʠʯʠʪʠʭ ʩʝʥʟʦʨʘ. ʆʚʘʢʦ 

ʧʨʠʢʫʧˀʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʧʦʜʘʮʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʥʝʦʙʨʘʹʝʥʝ ʧʦʜʘʪʢʝ (ʧʦʜʘʮʠ 

ʥʘʜ ʢʦʿʠʤʘ ʥʠʩʫ ʧʨʠʤʝˁʝʥʘ ʥʠʢʘʢʚʘ ʥʫʤʝʨʠʯʢʘ ʦʙʨʘʜʘ). ʊʠʧʠʯʥʠ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ 

ʧʨʠʢʫʧˀʘʿʫ ʧʨʠʣʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ ʩʫ 

ʤʝʭʘʥʠʯʢʠ ʥʘʧʦʥʠ, ʫʙʨʟʘˁʘ ʠ ʧʦʤʝʨʘʿʠ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʣʠ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ.  

ʇʦʩʣʝ ʫʪʚʨʹʠʚʘˁʘ ʧʨʝʮʠʟʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʤʝʪʦʜʘ, ʦʜʥʦʩʥʦ, 

ʫʪʚʨʹʠʚʘˁʘ ʢʦʣʠʢʦ ʿʝ ʩʘʤ ʝʢʩʧʝʨʠʤʝʥʪ ʦʩʝʪˀʠʚ ʥʘ ʧʨʦʤʝʥʫ ʧʦʿʝʜʠʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʙʠʪʥʠʭ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʠʣʘʟʠ ʩʝ ʦʙʨʘʜʠ ʧʦʜʘʪʘʢʘ ʠ ʬʦʨʤʠʨʘʿʫ ʩʝ 

ʧʦʜʘʮʠ ʟʘ ʦʮʝʥʫ (ʝʥʛʣʝʩʢʠ Ăassessment quantitiesò). ʆʜʩʪʫʧʘˁʘ ʦʚʘʢʦ ʜʦʙʠʿʝʥʠʭ 

ʧʦʜʘʪʘʢʘ ʦʜ ʧʨʝʜʚʠʹʘˁʘ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʩʥʦʚ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ. 

ʋʢʦʣʠʢʦ ʩʫ ʢʚʘʥʪʠʪʘʪʠʚʥʘ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʨʝʟʫʣʪʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʜʝʬʠʥʠʩʘʥʘ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʠʭ ʪʝʩʪʠʨʘˁʘ, ʩʘʛʣʘʩʥʘ ʫ ʫʥʘʧʨʝʜ 

ʫʩʚʦʿʝʥʠʤ ʛʨʘʥʠʮʘʤʘ, ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʿʝ ʟʘʚʨʰʝʥ. 

ʇʨʝʪʭʦʜʥʠ ʧʨʦʨʘʯʫʥʠ, ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 2, ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʝʦʤʘ ʙʠʪʥʫ ʚʝʟʫ 

ʠʟʤʝʹʫ ʧʣʘʥʠʨʘˁʘ ʚʘʣʠʜʘʮʠʦʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʦʮʝʩʘ ʬʦʨʤʠʨʘˁʘ ʤʦʜʝʣʘ. 

ʋʩʧʦʩʪʘʚˀʘˁʝ ʚʝʟʝ ʠʟʤʝʹʫ ʧʣʘʥʠʨʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʠʟʨʘʜʝ ʤʦʜʝʣʘ, ʚʝ˂ ʫ ʧʨʚʠʤ 

ʢʦʨʘʮʠʤʘ, ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʟʥʘʯʘʿʥʝ ʚʝʣʠʯʠʥʝ, ʢʦʿʝ ˂ʝ ʩʝ ʧʨʘʪʠʪʠ ʪʦʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʫ ʬʘʟʠ ʤʦʜʝʣʠʨʘˁʘ. ʂʘʜʘ ʩʫ ʦʜʨʝʹʝʥʝ ʟʥʘʯʘʿʥʝ ʚʝʣʠʯʠʥʝ, ʜʘˀʠ 

ʧʨʦʮʝʩ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʘʦ ʠ ʧʨʦʮʝʩ ʤʦʜʝʣʠʨʘˁʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʩʝ ʠʟʚʦʜʝ 

ʥʝʟʘʚʠʩʥʦ, ʩʚʝ ʜʦ ʤʦʤʝʥʪʘ ʢʘʜʘ ʩʝ ʬʦʨʤʠʨʘʿʫ ʧʦʜʘʮʠ ʟʘ ʧʦʨʝʹʝˁʝ.  

ʋʢʦʣʠʢʦ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʥʠʿʝ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ 

ʛʨʘʥʠʮʘʤʘ, ʧʨʠʩʪʫʧʘ ʩʝ ʧʨʦʮʝʩʫ ʨʝʚʠʟʠʿʝ ʤʦʜʝʣʘ ʠʣʠ ʩʝ , ʫʢʦʣʠʢʦ ʿʝ ʪʦ ʧʦʪʨʝʙʥʦ ʠ 

ʤʦʛʫ˂ʝ, ʚʨʰʠ ʨʝʚʠʟʠʿʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʦʜʝʣʘ. ʈʝʚʠʟʠʿʘ ʤʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘ 

ʧʨʦʮʝʩ ʫ ʢʦʤʝ ʩʝ ʜʦʧʫˁʫʿʫ ʠʣʠ ʤʝˁʘʿʫ ʦʩʥʦʚʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʤʦʜʝʣʘ, ʩʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʘ, ʙʠʨʘʿʫ ʛʨʫʧʥʠ ʠʣʠ ʜʦʧʫˁʫʿʫ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠ ʧʘʨʘʤʝʪʨʠ, ʤʝˁʘʿʫ ʛʨʘʥʠʯʥʠ 

ʫʩʣʦʚʠ ʠ/ʠʣʠ ʧʦʯʝʪʥʠ ʫʩʣʦʚʠ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʙʦˀʝʛ ʩʣʘʛʘˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʠ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ. ʈʝʚʠʟʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʤʝʥʫ 

ʧʣʘʥʘ ʨʝʘʣʠʟʘʮʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʤʝʥʫ ʧʨʦʮʝʜʫʨʘ ʠʣʠ ʥʘʯʠʥʘ ʤʝʨʝˁʘ 

ʧʦʿʝʜʠʥʠʭ ʚʝʣʠʯʠʥʘ ʨʘʜʠ ʦʣʘʢʰʘʚʘˁʘ ʧʦʨʝʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʩʠʤʫʣʘʮʠʿʝ ʧʨʠʤʝʥʦʤ ʨʝʚʠʜʠʨʘʥʦʛ ʤʦʜʝʣʘ. ʂʦʿʘ ʚʨʩʪʘ ʨʝʚʠʟʠʿʝ ˂ʝ 

ʙʠʪʠ ʠʟʚʨʰʝʥʘ ʟʘʚʠʩʠ ʦʜ ʟʘʿʝʜʥʠʯʢʝ ʧʨʦʮʝʥʝ ʪʠʤʦʚʘ ʢʦʿʠ ʩʫ ʫʢˀʫʯʝʥʠ ʫ ʧʨʦʮʝʩʝ 

ʚʝʨʠʬʠʢʘʮʠʿʝ, ʚʘʣʠʜʘʮʠʿʝ ʠ ʠʟʚʦʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘ.  

ɺʝʦʤʘ ʯʝʩʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʩʘʛʣʘʩʥʦʩʪ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʚʝ˂ ʫ ʧʨʚʦʿ ʠʪʝʨʘʮʠʿʠ, ʧʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʦʮʝʩ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2 

ʧʦʥʘʚˀʘ ʥʝʢʦʣʠʢʦ ʧʫʪʘ. ʊʘʢʦʹʝ, ʫʢʦʣʠʢʦ ʩʝ ʫ ʪʦʢʫ ʧʨʦʮʝʩʘ ʚʘʣʠʜʘʮʠʿʝ ʠ 
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ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʫʪʚʨʜʠ ʜʘ ʿʝ ʧʦʪʨʝʙʥʦ ʫʚʝʩʪʠ ʥʦʚʠ ʧʘʨʘʤʝʪʘʨ ʟʘ ʦʮʝʥʫ, ʘ ʜʘ 

ʧʨʠ ʪʦʤʝ ʪʘʿ ʧʘʨʘʤʝʪʘʨ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʙʠʪʠ ʿʝʜʥʦʩʪʘʚʥʦʤ ʦʙʨʘʜʦʤ ʜʦʙʠʿʝʥʠʭ 

ʧʦʜʘʪʘʢʘ, ʦʥʜʘ ʩʝ ʮʝʦ ʧʦʩʪʫʧʘʢ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʦʥʘʚˀʘ. 

2.3 ɸʂʊʀɺʅʆʉʊʀ ɺɽʈʀʌʀʂɸʎʀɱɽ 

ɺʝʨʠʬʠʢʘʮʠʿʘ ʿʝ ʧʨʦʮʝʩ, ʫ ʢʦʤʝ ʩʝ ʫʪʚʨʹʫʿʝ, ʜʘ ʣʠ ʿʝ ʠʟʚʨʰʝʥʘ ʜʦʙʨʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ [11]. ʇʨʠʣʠʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʿʝ 

ʢʦʨʠʩʥʦ ʧʨʦʮʝʩ ʧʦʜʝʣʠʪʠ ʥʘ ʜʝʣʦʚʝ (ʊʘʙʝʣʘ 1), ʧʨʝʧʦʟʥʘʿʫ˂ʠ ʦʩʥʦʚʥʝ ʬʫʥʢʮʠʿʝ 

ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ ʢʘʦ ʠ ʨʘʟʚʦʿʘ ʤʦʜʝʣʘ, ʩʘ ʪʝʞˁʦʤ ʜʘ ʩʝ ʦʬʦʨʤʠ ʰʪʦ ʙʦˀʠ ʤʦʜʝʣ, 

ʢʦʿʠ ʠʤʘ ʜʦʙʨʫ ʧʦʥʦʚˀʠʚʦʩʪ ʨʝʟʫʣʪʘʪʘ ʠ ʜʘʿʝ ʨʝʰʝˁʘ ʫ ʧʨʠʭʚʘʪˀʠʚʠʤ ʛʨʘʥʠʮʘʤʘ 

ʪʘʯʥʦʩʪʠ [13].   

ʊʘʙʝʣʘ 1. ɸʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ 

ɺʨʩʪʘ ʌʦʢʫʩ ʆʜʛʦʚʦʨʥʦʩʪ ʄʝʪʦʜʝ 

ɺʝʨʠʬʠʢʘʮʠʿʘ 

ʩʦʬʪʚʝʨʘ 

ʆʩʠʛʫʨʘˁʝ 

ʢʚʘʣʠʪʝʪʘ 

ʩʦʬʪʚʝʨʩʢʦʛ 

ʧʘʢʝʪʘ 

ʇʦʫʟʜʘʥʦʩʪ 

ʠ ʨʦʙʫʩʥʦʩʪ 
ʇʨʦʛʨʘʤʝʨ 

ʈʘʟʚʦʿ 

ʨʘʟʣʠʯʠʪʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʿʘ 

ʢʦʤʧʿʫʪʝʨʩʢʦʛ 

ʤʦʜʝʣʘ, ʠʟʙʦʨ 

ʥʫʤʝʨʠʯʢʠʭ 

ʤʝʪʦʜʘ, ʠʪʜé 

ɺʝʨʠʬʠʢʘʮʠʿʘ 

ʥʫʤʝʨʠʯʢʦʛ 

ʘʣʛʦʨʠʪʤʘ 

ʊʘʯʥʦʩʪ 

ʥʫʤʝʨʠʯʢʦʛ 

ʘʣʛʦʨʠʪʤʘ 

ʇʨʦʛʨʘʤʝʨ ʠ 

ʤʦʜʝʣʘʨ 

ʇʨʦʚʝʨʘ 

ʘʥʘʣʠʪʠʯʢʠʭ 

ʨʝʰʝˁʘ, 

ʧʦʨʝʹʝˁʘ ʩʘ 

ʧʦʩʪʦʿʝ˂ʠʤ 

ʤʦʜʝʣʠʤʘ, 

ʠʪʜ.. 

ɺʝʨʠʬʠʢʘʮʠʿʘ 

ʧʨʦʨʘʯʫʥʘ 

ʆʮʝʥʘ 

ʥʫʤʝʨʠʯʢʝ 

ʛʨʝʰʢʝ 

ʆʮʝʥʘ 

ʥʫʤʝʨʠʯʢʝ 

ʪʘʯʥʦʩʪʠ 

ʨʝʰʘʚʘˁʘ 

ʿʝʜʥʘʯʠʥʘ  

ʄʦʜʝʣʘʨ 

ʂʦʥʚʝʨʛʝʥʮʠʿʘ 

ʨʝʰʝˁʘ 

ʿʝʜʥʘʯʠʥʘ ʠ ʩʣ. 

 

ɺʝʨʠʬʠʢʘʮʠʿʘ ʩʦʬʪʚʝʨʘ ʠʤʘ ʟʘ ʟʘʜʘʪʘʢ ʜʘ ʫʪʚʨʜʠ ʜʘ ʣʠ ʩʦʬʪʚʝʨʩʢʠ ʧʘʢʝʪ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ,  ʨʘʜʠ ʥʘ ʥʘʯʠʥ ʥʘ ʢʦʿʠ ʿʝ ʧʨʝʜʚʠʹʝʥʦ. ʆʩʥʦʚʥʠ 

ʬʦʢʫʩ ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʿʝ, ʜʘ ʩʝ ʫʪʚʨʜʝ ʠ ʝʣʠʤʠʥʠʰʫ ʛʨʝʰʢʝ ʢʦʿʝ ʥʘʩʪʘʿʫ ʧʨʠʣʠʢʦʤ 

ʬʦʨʤʠʨʘˁʘ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ (ʦʩʠʛʫʨʘˁʝ ʢʚʘʣʠʪʝʪʘ 

ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ) ʠ ʜʘ ʦʙʝʟʙʝʜʠ ʪʘʯʥʦʩʪ ʨʝʰʘʚʘˁʘ ʥʫʤʝʨʠʯʢʠʭ ʘʣʛʦʨʠʪʘʤʘ, 
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ʢʦʿʠ ʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʫ ʩʦʬʪʚʝʨʩʢʦʤ ʢʦʜʫ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʜʛʦʚʦʨʥʦʩʪ ʟʘ ʧʨʦʚʝʨʫ 

ʦʚʝ ʘʢʪʠʚʥʦʩʪʠ ʜʦʜʝˀʝʥʘ ʧʨʦʛʨʘʤʝʨʫ. 

ʉʚʨʭʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʦʨʘʯʫʥʘ ʿʝ ʜʘ ʩʝ ʫʪʚʨʜʝ ʚʨʝʜʥʦʩʪʠ ʛʨʝʰʢʝ ʥʘʩʪʘʣʝ 

ʥʫʤʝʨʠʯʢʠʤ ʨʝʰʘʚʘˁʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʿʝʜʥʘʯʠʥʘ ʢʦʿʠʤʘ ʿʝ ʦʧʠʩʘʥ ʤʦʜʝʣ, ʢʘʦ ʠ ʜʘ 

ʦʮʝʥʠ ʛʨʝʰʢʝ, ʥʘʩʪʘʣʝ ʫʩʣʝʜ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʨʝʰʝˁʘ ʬʦʨʤʠʨʘʥʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ, 

ʟʘ ʜʘʪʠ ʤʦʜʝʣ. ʅʘʚʝʜʝʥʝ ʚʨʩʪʝ ʛʨʝʰʘʢʘ ʤʦʛʫ˂ʝ ʿʝ ʫʪʚʨʜʠʪʠ ʫ ʘʢʪʠʚʥʦʩʪʠ 

ʚʝʨʠʬʠʢʘʮʠʿʝ ʧʨʦʨʘʯʫʥʘ ʠ ʫ ʟʥʘʪʥʦʿ ʤʝʨʠ ʠʭ ʩʤʘˁʠʪʠ ʫʚʦʹʝˁʝʤ ʙʦˀʝ 

ʜʠʩʢʨʝʪʠʟʘʮʠʿʝ ʧʨʦʩʪʦʨʘ ʠʣʠ ʚʨʝʤʝʥʘ ʧʨʠʣʠʢʦʤ ʥʫʤʝʨʠʯʢʦʛ ʨʝʰʘʚʘˁʘ ʿʝʜʥʘʯʠʥʘ, 

ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ ʫʩʣʦʚʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʨʝʰʝˁʘ, ʠʟʤʝʥʦʤ ʧʦʛʨʝʰʥʠʭ ʫʣʘʟʥʠʭ 

ʧʦʜʘʪʘʢʘ ʠ/ʠʣʠ ʧʨʦʤʝʥʦʤ ʤʝʪʦʜʝ ʨʝʰʘʚʘˁʘ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ. ʇʦʛʨʝʰʥʠ ʫʣʘʟʥʠ 

ʧʦʜʘʮʠ ʠ ʥʝʜʦʚʦˀʥʘ ʜʠʩʢʨʝʪʠʟʘʮʠʿʘ ʧʨʦʩʪʦʨʘ ʠ/ʠʣʠ ʚʨʝʤʝʥʘ ʟʘ ʨʝʰʘʚʘˁʝ ʩʠʩʪʝʤʘ 

ʿʝʜʥʘʯʠʥʘ, ʠʤʘʿʫ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʩʤʘˁʝˁʝ ʛʨʝʰʘʢʘ, ʧʨʠʣʠʢʦʤ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʧʨʦʨʘʯʫʥʘ.   

ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠ ʤʝʪʦʜ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʧʨʦʨʘʯʫʥʘ ʿʝ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ 

ʧʨʦʨʘʯʫʥʘ ʟʘ ʟʘʜʘʪʠ ʧʨʦʙʣʝʤ ʜʦʙʠʿʝʥʠʭ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʩʦʬʪʚʝʨʩʢʠʭ 

ʨʝʰʝˁʘ. ʇʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʧʨʠʣʠʢʦʤ ʦʚʘʢʚʝ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʦʜʘ ʩʝ ʦʛʣʝʜʘ ʫ 

ʪʦʤʝ ʰʪʦ ʟʘ ʨʘʟʣʠʯʠʪʝ ʩʦʬʪʚʝʨʩʢʝ ʧʘʢʝʪʝ ʥʘʿʯʝʰ˂ʝ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʝʬʠʥʠʩʘʪʠ 

ʛʨʘʥʠʯʥʝ ʫʩʣʦʚʝ, ʠʣʠ ʜʝʬʠʥʠʩʘʪʠ ʮʝʦ ʤʦʜʝʣ, ʥʘ ʠʩʪʠ ʥʘʯʠʥ. ʏʘʢ ʠ ʢʘʜʘ ʩʝ ʜʦʙʠʿʫ 

ʩʣʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʟʘ ʠʩʪʝ ʤʦʜʝʣʝ, ʦʚʘʢʦ ʩʧʨʦʚʝʜʝʥʘ ʚʝʨʠʬʠʢʘʮʠʿʘ ʥʝ ʜʘʿʝ 

ʧʦʪʚʨʜʫ ʜʘ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʪʘʯʥʠ. ʆʧʠʩʘʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʧʦʨʝʹʝˁʘ 

ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ ʤʦʞʝ ʙʠʪʠ ʧʨʠʭʚʘ˂ʝʥʘ ʢʘʦ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʩʘʤʦ ʫ ʦʜʩʫʩʪʚʫ 

ʜʨʫʛʠʭ ʤʝʪʦʜʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʢʦʜʘ. 

ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʥʫʤʝʨʠʯʢʘ ʛʨʝʰʢʘ ʥʝ ʤʦʞʝ ʧʦʪʧʫʥʦ ʫʢʣʦʥʠʪʠ, ʮʠˀ ʚʝʨʠʬʠʢʘʮʠʿʝ 

ʧʨʦʨʘʯʫʥʘ ʿʝ ʜʘ ʦʮʝʥʠ ʥʫʤʝʨʠʯʢʫ ʪʘʯʥʦʩʪ ʤʦʜʝʣʘ. ɺʝʨʠʬʠʢʘʮʠʿʘ ʧʨʦʨʘʯʫʥʘ ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʜʦʢʫʤʝʥʪʦʚʘʥʘ, ʜʦʩʪʫʧʥʘ ʠ ʧʦʥʦʚˀʠʚʘ. 

2.4 ɸʂʊʀɺʅʆʉʊʀ ɺɸʃʀɼɸʎʀɱɽ 

ɺʘʣʠʜʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʫ ʢʦʤʝ ʩʝ ʫʪʚʨʹʫʿʝ ʫ ʢʦʤ ʩʪʝʧʝʥʫ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ 

ʪʘʯʥʦ ʧʨʝʜʩʪʘʚˀʘ ʨʝʘʣʥʠ ʩʠʩʪʝʤ ʩʘ ʘʩʧʝʢʪʘ ˁʝʛʦʚʝ ʜʘˀʝ ʥʘʤʝʥʝ. ʎʠˀ ʧʨʦʮʝʩʘ 

ʚʘʣʠʜʘʮʠʿʝ ʿʝ ʜʘ ʩʝ ʢʚʘʥʪʠʬʠʢʫʿʝ ʥʠʚʦ ʧʦʚʝʨʝˁʘ ʫ ʩʧʦʩʦʙʥʦʩʪ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ 

ʜʘ ʧʨʝʜʚʠʜʠ ʧʦʥʘʰʘˁʘ ʬʠʟʠʯʢʦʛ ʩʠʩʪʝʤʘ. 

ʂʣʘʩʠʯʘʥ ʧʨʠʩʪʫʧ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ ʿʝ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʩʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʚʘʣʠʜʘʮʠʦʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ. ʄʝʨʘ ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʥʘʿʯʝʰ˂ʝ ʩʝ 

ʦʮʝˁʫʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʦʜʩʪʫʧʘˁʘ (ʛʨʝʰʢʝ) ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʤʦʜʝʣʘ 

ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ. ʇʦʿʘʚʘ ʤʝʨʥʠʭ ʛʨʝʰʘʢʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʠ 

ʥʫʤʝʨʠʯʢʠʭ ʛʨʝʰʘʢʘ ʪʦʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʩʘʤʦ ʜʦʜʘʪʥʦ ʢʦʤʧʣʠʢʫʿʝ ʧʨʦʮʝʩ 

ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʠ ʫʚʦʜʠ ʜʦʜʘʪʥʫ ʥʝʩʠʛʫʨʥʦʩʪ.  
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ɼʝʬʠʥʠʮʠʿʘ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ, ʜʘʪʘ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʘʨʘʛʨʘʬʠʤʘ, ʟʘʭʪʝʚʘ 

ʧʦʿʘʰˁʝˁʘ ʧʦʿʝʜʠʥʠʭ ʬʨʘʟʘ. ʌʨʘʟʘ Ăʧʨʝʜʩʪʘʚˀʘ ʧʨʦʮʝʩ ʫ ʢʦʤʝ ʩʝ ʫʪʚʨʹʫʿʝñ, ʫ 

ʩʫʰʪʠʥʠ, ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʧʨʦʮʝʩ ʢʦʿʠ ʪʨʘʿʝ ʜʦʢ  ʩʝ ʥʝ ʦʩʪʚʘʨʠ ʞʝˀʝʥʦ 

ʩʣʘʛʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ. ʇʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ, 

ʤʦʞʝ, ʫ ʩʧʝʮʠʿʘʣʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʜʘ ʩʝ ʟʘʚʨʰʠ ʥʘʢʦʥ ʧʨʚʦʛ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ, 

ʘʣʠ ʥʘʿʯʝʰ˂ʝ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ ʥʝʢʦʣʠʢʦ ʠʪʝʨʘʮʠʿʘ, ʥʘʢʦʥ ʧʨʦʤʝʥʘ ʠ 

ʫʩʢʣʘʹʠʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ. 

ʌʨʘʟʘ Ăʫ ʢʦʤ ʩʪʝʧʝʥʫñ ʟʥʘʯʠ ʜʘ ʫ ʨʝʟʫʣʪʘʪʠʤʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʫ ʨʝʟʫʣʪʘʪʠʤʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʧʦʩʪʦʿʝ ʛʨʝʰʢʝ, ʥʘʩʪʘʣʝ ʢʘʦ ʩʣʫʯʘʿʥʝ ʠʣʠ ʩʠʩʪʝʤʘʪʩʢʝ ʛʨʝʰʢʝ ʤʝʨʝˁʘ. 

ɿʙʦʛ ʪʦʛʘ ʿʝ ʥʝʦʧʭʦʜʥʦ ʜʘ ʩʝ ʨʝʟʫʣʪʘʪʠ ʤʝʨʝˁʘ ʠ ʩʠʤʫʣʘʮʠʿʝ, ʢʘʦ ʠ ʦʮʝʥʘ ˁʠʭʦʚʦʛ 

ʩʣʘʛʘˁʘ, ʠʩʢʘʞʫ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʛʨʘʥʠʮʘʤʘ. 

ʅʘ ʢʨʘʿʫ, ʬʨʘʟʘ Ăʩʘ ʘʩʧʝʢʪʘ ˁʝʛʦʚʝ ʜʘˀʝ ʥʘʤʝʥʝñ ʟʥʘʯʠ ʜʘ ʩʝ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ, 

ʚʨʰʠ ʟʘ ʦʜʨʝʹʝʥʠ ʜʦʤʝʥ, ʩʘʛʣʘʩʥʦ ʨʘʩʧʦʣʦʞʠʚʠʤ ʫʣʘʟʥʠʤ ʧʦʜʘʮʠʤʘ  ʠ 

ʧʘʨʘʤʝʪʨʠʤʘ ʤʦʜʝʣʘ. ʆʚʘ ʯʠˁʝʥʠʮʘ ʫ ʟʥʘʯʘʿʥʦʿ ʤʝʨʠ, ʦʛʨʘʥʠʯʘʚʘ ʫʧʦʪʨʝʙʫ ʤʦʜʝʣʘ 

ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. 

ɺʝʟʘ ʠʟʤʝʹʫ ʜʦʤʝʥʘ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʠ ʥʘʿʯʝʰ˂ʝ ʦʙʣʘʩʪʠ ʛʜʝ ʩʝ ʢʦʨʠʩʪʝ 

ʧʨʝʜʚʠʹʘˁʘ ʤʦʜʝʣʦʤ, ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 3,  ʟʘ ʤʦʜʝʣ ʩʘ ʜʚʘ ʧʘʨʘʤʝʪʨʘ ʇ1 ʠ ʇ2. 

1˽

2˽

́͊;͟  ͔͍͊ ͙͒͊͡ͼ͙͔͞ ͔ͣͦ͒͊͡

˻͋ ͊ͫͭ͡ ͍͊ ͙͒͊͡ͼ͙͔͞ ͔ͣͦ͒͊͡

˽͔͍͙ͪ͒Ώ͔͊ͥ  ͔ͣͦ͒͊͡

 

ʉʣʠʢʘ 2-3. ʆʙʣʘʩʪ ʚʘʣʠʜʘʮʠʿʝ ʠ ʧʨʝʜʚʠʹʘˁʘ ʟʘ ʤʦʜʝʣ ʩʘ 2 ʧʘʨʘʤʝʪʨʘ ʇ1 ʠ ʇ2 

 

ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ, ʜʘ ʧʨʦʮʝʩ ʧʦʜʝʰʘʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ, ʫ ʮʠˀʫ 

ʧʦʙʦˀʰʘˁʘ ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ, ʩʘʤ ʧʦ 

ʩʝʙʠ ʥʝ ʧʨʝʜʩʪʘʚˀʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ. ɸʢʪʠʚʥʦʩʪ ʧʦʜʝʰʘʚʘˁʘ ʧʘʨʘʤʝʪʘʨʘ ʥʘʟʠʚʘ 

ʩʝ ʢʘʣʠʙʨʘʮʠʿʘ ʤʦʜʝʣʘ, ʠ ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ ʬʘʟʝ ʠʟʛʨʘʜˁʝ ʤʦʜʝʣʘ, ʘ ʥʝ ʧʨʦʮʝʩʘ 

ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ. 
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2.5 ɺɸʃʀɼɸʎʀʆʅɸ ʍʀɱɽʈɸʈʍʀɱɸ 

ʈʝʘʣʥʠ ï ʬʠʟʠʯʢʠ ʩʠʩʪʝʤ, ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 2-2, ʧʨʝʜʩʪʘʚˀʘ ʩʣʦʞʝʥ ʩʠʩʪʝʤ. ʢʦʿʠ  

ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʥʠʟʘ ʤʘˁʠʭ ʧʦʜʩʠʩʪʝʤʘ ʠ ʢʦʤʧʦʥʝʥʘʪʘ, ʦʜ ʢʦʿʠʭ ʩʚʘʢʠ ʤʦʞʝ ʙʠʪʠ 

ʧʦʩʝʙʥʦ ʤʦʜʝʣʠʨʘʥ ʠ ʚʘʣʠʜʠʨʘʥ. ʋ ʧʨʘʢʩʠ jʝ ʥʘʿʯʝʰ˂ʝ ʟʘʩʪʫʧˀʝʥ ʧʨʠʩʪʫʧ 

ʚʘʣʠʜʘʮʠʿʝ ʢʦʤʧʣʝʪʥʦʛ ʤʦʜʝʣʘ ʧʦʨʝʹʝˁʝʤ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ  

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʮʝʣʦʢʫʧʥʦʛ ʩʠʩʪʝʤʘ [14]. ʆʚʘʢʘʚ ʧʨʠʩʪʫʧ ʫ ʥʝʢʠʤ 

ʩʣʫʯʘʿʝʚʠʤʘ, ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʤʦʜʝʣʠʤʘ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʧʦʜʩʠʩʪʝʤʘ ʠ ʢʦʤʧʦʥʝʥʪʠ, 

ʢʘʜʘ ʩʫ ʚʝʟʝ ʠʟʤʝʹʫ ʝʣʝʤʝʥʘʪʘ ʢʦʤʧʣʝʢʩʥʝ, ʠ ʢʘʜʘ ʿʝ ʜʠʩʠʧʘʮʠʿa ʝʥʝʨʛʠʿʝ ʚʝʣʠʢʘ, 

ʤʦʞʝ ʙʠʪʠ ʥʝʘʜʝʢʚʘʪʘʥ. ʋʢʦʣʠʢʦ ʿʝ ʩʣʘʙʦ ʩʣʘʛʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʤʦʞʝ ʙʠʪʠ ʪʝʰʢʦ, ʘ ʚʨʣʦ ʯʝʩʪʦ ʠ ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ, ʠʟʦʣʦʚʘʪʠ 

ʧʦʿʝʜʠʥʝ ʧʦʜʩʠʩʪʝʤʝ ʠ ʢʦʤʧʦʥʝʥʪʝ ʠ ʫʪʚʨʜʠʪʠ ʫʟʨʦʢ ʥʝʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ. ʏʘʢ ʠ ʫ 

ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʿʝ ʩʣʘʛʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘ ʜʦʙʨʦ, ʯʝʩʪʦ ʥʠʿʝ 

ʤʦʛʫ˂ʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʚʨʰʠʪʠ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʠ ˁʝʛʦʚʠʭ ʧʦʜʩʠʩʪʝʤʘ.  

ɺʘʣʠʜʘʮʠʦʥʘ ʭʠʿʝʨʘʨʭʠʿʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʩʣʠʮʠ 2-4, ʠ ʧʨʚʝʥʩʪʚʝʥʦ ʟʘʚʠʩʠ ʦʜ 

ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʬʠʟʠʯʢʦʛ ʩʠʩʪʝʤʘ, ʦʜ ʩʣʦʞʝʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ, ʠ ʦʜ ʥʘʯʠʥʘ 

ʨʝʘʣʠʟʘʮʠʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ. ʋ ʦʩʥʦʚʠ, ʩʣʠʢʘ 4 ʧʨʠʢʘʟʫʿʝ ʥʘʯʠʥ 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʢʦʤʧʣʝʢʩʥʦʛ ʩʠʩʪʝʤʘ ʥʘ ʥʠʟ ʦʩʥʦʚʥʠʭ ʬʠʟʠʯʢʠʭ ʧʨʦʙʣʝʤʘ. ɹʨʦʿ 

ʥʠʚʦʘ ʠ  ʢʦʤʧʦʥʝʥʪʠ ʟʘʚʠʩʠ ʦʜ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ ʠ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. 

ʋ ʭʠʿʝʨʘʨʭʠʿʩʢʦʤ ʧʨʠʩʪʫʧʫ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʩʚʘʢʘ ʢʦʤʧʦʥʝʥʘʪʘ ʠ ʩʚʘʢʠ 

ʧʦʜʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚˀʘʿʫ ʨʝʘʣʥʠ ʩʠʩʪʝʤ ʟʘ ʩʝʙʝ, ʟʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʚʨʰʠʪʠ 

ʚʘʣʠʜʘʮʠʿʫ. ʅʘ ʩʚʘʢʦʤ ʦʜ ʧʨʠʢʘʟʘʥʠʭ ʥʠʚʦʘ ʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʠʟʚʨʰʠʪʠ ʚʘʣʠʜʘʮʠʿʫ 

ʪʘʢʦ ʜʘ ʩʝ ʚʘʣʠʜʘʮʠʿʘ ʠʟʚʨʰʠ ʧʨʚʦ ʟʘ ʩʚʘʢʫ ʢʦʤʧʦʥʝʥʪʫ, ʥʘʢʦʥ ʪʦʛʘ ʟʘ ʩʚʘʢʠ 

ʧʦʜʩʠʩʪʝʤ, ʧʘ ʥʘ ʢʨʘʿʫ ʠ ʟʘ ʮʝʦ ʢʦʤʧʣʝʢʩʥʠ ʨʝʘʣʥʠ ʩʠʩʪʝʤ. 
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ʉʣʠʢʘ 2-4. ɺʘʣʠʜʘʮʠʦʥʘ ʭʠʿʝʨʘʨʭʠʿʘ 
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2.6 ɽʂʉʇɽʈʀʄɽʅʊ ʅɸʄɽɳɽʅ ɿɸ ɺɸʃʀɼɸʎʀɱʋ  

 ɽʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʠʟʚʦʜʝ ʜʘ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʣʦ ʨʘʟʫʤʝʚʘˁʝ ʬʠʟʠʯʢʦʛ 

ʦʙʿʝʢʪʘ ʢʦʿʠ ʩʝ ʧʨʦʫʯʘʚʘ, ʜʘ ʙʠ ʩʝ ʫʥʘʧʨʝʜʠʦ ʤʘʪʝʤʘʪʠʯʢʠ ʤʦʜʝʣ, ʙʦˀʝ ʦʜʨʝʜʠʣʠ 

ʧʘʨʘʤʝʪʨʠ ʤʦʜʝʣʘ ʠ/ʠʣʠ ʦʮʝʥʠʣʦ ʧʦʥʘʰʘˁʝ ʢʦʤʧʦʥʝʥʪʠ ʠ ʧʦʜʩʠʩʪʝʤʘ ʧʦʩʤʘʪʨʘʥʦʛ 

ʬʠʟʠʯʢʦʛ ʩʠʩʪʝʤʘ. ɻʝʥʝʨʘʣʥʦ, ʧʦʜʘʮʠ ʜʦʙʠʿʝʥʠ ʠʟ ʦʚʘʢʦ ʦʨʛʘʥʠʟʦʚʘʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʥʘʿʯʝʰ˂ʝ ʥʠʩʫ ʜʦʚʦˀʥʦ ʜʦʙʨʠ ʜʘ ʙʠ ʩʝ ʩʘ ˁʠʤʘ ʠʟʚʨʰʠʣʘ 

ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ. ʅʝʜʦʩʪʘʪʘʢ ʜʦʢʫʤʝʥʪʘʮʠʿʝ ʦ ʧʦʿʝʜʠʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ, 

ʥʝʜʦʩʪʘʪʘʢ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʫʩʣʦʚʠʤʘ ʧʦʜ ʢʦʿʠʤ ʩʫ ʩʝ ʠʟʚʦʜʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, 

ʥʝʘʜʝʢʚʘʪʥʠ ʤʝʨʥʠ ʦʧʩʝʟʠ, ʠʣʠ ʥʝʜʦʚʦˀʥʘ ʠʣʠ ʥʝʧʦʟʥʘʪʘ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ 

ʧʦʿʝʜʠʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʥʘʿʯʝʰ˂ʠ ʫʟʨʦʮʠ ʟʘʰʪʦ ʪʨʘʜʠʮʠʦʥʘʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʥʠʩʫ ʘʜʝʢʚʘʪʥʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ.  

ʉ ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʥʝʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ ʘʧʩʦʣʫʪʥʦ ʪʘʯʥʦ ʤʝʨʝˁʝ, ʧʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʧʦʪʨʝʙʥʦ ʿʝ ʫʩʪʘʥʦʚʠʪʠ ʠ ʢʚʘʥʪʠʬʠʢʦʚʘʪʠ ʛʨʝʰʢʫ 

ʤʝʨʝˁʘ ʩʚʘʢʝ ʤʝʨʝʥʝ ʚʝʣʠʯʠʥʝ ʧʦʥʘʦʩʦʙ. ɻʨʝʰʢʘ ʤʝʨʝˁʘ ʠ ʧʦʫʟʜʘʥʦʩʪ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʪʨʝʙʘ ʜʘ ʦʙʫʭʚʘʪʠ ʫʪʠʮʘʿ ʧʨʦʤʝʥˀʠʚʦʩʪʠ ʩʚʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ, ʢʘʦ ʰʪʦ ʩʫ  ʥʝʦʜʨʝʹʝʥʦʩʪʠ ʫ ʢʦʥʩʪʨʫʢʮʠʿʠ 

(ʫʢˀʫʯʫʿʫ˂ʠ ʪʦʣʝʨʘʥʮʠʿʝ), ʟʘʦʩʪʘʣʝ ʥʘʧʦʥʝ ʫ ʢʦʥʩʪʨʫʢʮʠʿʠ ʠ ʩʣʠʯʥʦ. 

ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʛʨʝʰʢʝ ʥʘʩʪʘʣʝ ʪʦʢʦʤ ʤʝʨʝˁʘ ʤʦʞʝʤʦ 

ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʫ ʜʚʝ ʦʩʥʦʚʥʝ ʛʨʫʧʝ, ʠ ʪʦ ʢʘʦ ʩʣʫʯʘʿʥʝ ʠ ʩʠʩʪʝʤʘʪʩʢʝ ʛʨʝʰʢʝ. 

ʉʠʩʪʝʤʘʪʩʢʝ ʛʨʝʰʢʝ ʩʫ ʛʨʝʰʢʝ, ʢʦʿʝ ʧʨʠ ʧʦʥʦʚˀʝʥʠʤ ʤʝʨʝˁʠʤʘ ʦʩʪʘʿʫ ʢʦʥʩʪʘʥʪʥʝ, 

ʠʣʠ ʩʝ ʤʝˁʘʿʫ ʧʦ ʦʜʨʝʹʝʥʦʤ ʟʘʢʦʥʫ. ʆʥʝ ʤʦʛʫ ʙʠʪʠ ʫʩʣʦʚˀʝʥʝ ʥʝʜʦʩʪʘʮʠʤʘ 

ʤʝʪʦʜʠʢʝ ʤʝʨʝˁʘ ʠʣʠ ʥʝʪʘʯʥʦʰ˂ʫ ʬʦʨʤʫʣʘ ʟʘ ʨʘʯʫʥʘˁʝ (ʤʝʪʦʜʠʯʢʝ ʛʨʝʰʢʝ), ʘ 

ʪʘʢʦʹʝ ʠ ʥʝʩʘʚʨʰʝʥʦʰ˂ʫ ʤʝʨʥʠʭ ʫʨʝʹʘʿʘ (ʛʨʝʰʢʝ ʫʨʝʹʘʿʘ). ʆʚʝ ʛʨʝʰʢʝ ʫʚʝʢ ʠʤʘʿʫ 

ʠʩʪʠ ʟʥʘʢ, ʪʝ ʩʝ ʫʚʦʹʝˁʝʤ ʦʜʨʝʹʝʥʝ ʢʦʨʝʢʮʠʿʝ ʤʦʛʫ, ʫ ʜʦʙʨʦʿ ʤʝʨʠ, ʦʪʢʣʦʥʠʪʠ. ʇʨʠ 

ʪʦʤʝ, ʧʦʚʝ˂ʘˁʝ ʙʨʦʿʘ ʤʝʨʝˁʘ ʥʝ˂ʝ ʩʤʘˁʠʪʠ ʩʠʩʪʝʤʘʪʩʢʫ ʛʨʝʰʢʫ. ʉʣʫʯʘʿʥʝ ʛʨʝʰʢʝ 

ʩʫ ʧʦʩʣʝʜʠʮʘ ʤʥʦʛʦʙʨʦʿʥʠʭ ʨʘʟʣʠʯʠʪʠʭ ʠ ʧʨʦʤʝʥˀʠʚʠʭ ʫʟʨʦʢʘ, ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʢʦʥʪʨʦʣʠʩʘʪʠ ʠ ʠʟʤʝʹʫ ʢʦʿʠʭ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʥʝ ʧʦʩʪʦʿʠ ʥʠʢʘʢʚʘ ʢʦʨʝʣʘʮʠʿʘ. 

ʉʣʫʯʘʿʥʝ ʛʨʝʰʢʝ ʧʨʘʪʝ ʩʚʘ ʤʝʨʝˁʘ ʠ ʥʝ ʤʦʛʫ ʩʝ ʦʪʢʣʦʥʠʪʠ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʠʟʚʦʜˀʠʚʦ 

ʢʦʜ ʩʠʩʪʝʤʘʪʩʢʠʭ ʛʨʝʰʘʢʘ. ʄʝʹʫʪʠʤ, ʟʘʭʚʘˀʫʿʫ˂ʠ ʯʠˁʝʥʠʮʠ ʜʘ ʟʘ ʩʣʫʯʘʿʥʝ ʛʨʝʰʢʝ 

ʚʘʞʝ ʩʪʘʪʠʩʪʠʯʢʠ ʟʘʢʦʥʠ ʨʘʩʧʦʜʝʣʝ, ʧʨʠ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʤʝʨʝˁʘ, ʫʚʝʢ ʩʝ ʤʦʛʫ 

ʦʜʨʝʜʠʪʠ ʛʨʘʥʠʮʝ, ʫʥʫʪʘʨ ʢʦʿʠʭ ʩʝ ʥʘʣʘʟʠ ʧʨʘʚʘ ʚʨʝʜʥʦʩʪ ʤʝʨʝʥʝ ʚʝʣʠʯʠʥʝ ʩʘ 

ʠʟʘʙʨʘʥʦʤ ʚʝʨʦʚʘʪʥʦ˂ʦʤ. 

ʀʩʪʨʘʞʠʚʘʯʠ ʠʟ ñSandia National Laboratoriesò[15] ʩʫ ʬʦʨʤʫʣʠʩʘʣʠ ʩʣʝʜʝ˂ʠʭ ʰʝʩʪ 

ʧʨʝʧʦʨʫʢʘ, ʫ ʮʠˀʫ ʬʦʨʤʠʨʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ: 

ʇʨʝʧʦʨʫʢʘ 1: ɽʢʩʧʝʨʠʤʝʥʪ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʪʨʝʙʘ ʜʘ ʜʝʬʠʥʠʰʫ ʠʩʪʨʘʞʠʚʘʯʠ ʢʦʿʠ ʩʫ 

ʫʯʝʩʪʚʦʚʘʣʠ ʥʘ ʨʘʟʚʠʿʘˁʫ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ, ʧʨʦʿʝʢʪʘʥʪʠ ʩʠʩʪʝʤʘ ʢʦʿʠ ʩʝ 

ʠʟʫʯʘʚʘ, ʠʩʪʨʘʞʠʚʘʯʠ ʢʦʿʠ ʩʫ ʟʘʜʫʞʝʥʠ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʠ ʠʟʚʦʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘ. 

ʇʨʝʧʦʨʫʢʘ 2: ɽʢʩʧʝʨʠʤʝʥʪ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʦʨʛʘʥʠʟʦʚʘʥ ʠ ʩʧʨʦʚʝʜʝʥ 

ʪʘʢʦ ʜʘ ʩʝ ʧʨʠʢʫʧʝ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʢʦʿʝ ʩʫ ʧʨʝʜʤʝʪ ʠʥʪʝʨʝʩʦʚʘˁʘ, 
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ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʫ ʨʝʣʝʚʘʥʪʥʠ ʟʘ ʬʦʨʤʠʨʘˁʝ ʤʦʜʝʣʘ, ʩʚʘ ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʣʥʦʛ 

ʦʙʿʝʢʪʘ ʫ ʤʝʨʠ ʫ ʢʦʿʦʿ ʿʝ ʪʦ ʤʦʛʫ˂ʝ. 

ʇʨʝʧʦʨʫʢʘ 3: ɽʢʩʧʝʨʠʤʝʥʪ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʪʨʝʙʘ ʜʘ ʪʝʞʠ ʜʘ ʥʘʛʣʘʩʠ ʧʦʚʝʟʘʥʦʩʪ ï 

ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʨʘʯʫʥʩʢʦʛ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʧʨʠʩʪʫʧʘ ʨʝʰʘʚʘˁʘ ʧʨʦʙʣʝʤʘ. 

ʇʨʝʧʦʨʫʢʘ 4: ʊʨʝʙʘ ʪʝʞʠʪʠ ʜʘ ʩʝ ʜʝʬʠʥʠʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʠʟʚʨʰʠ 

ʢʦʦʧʝʨʘʪʠʚʥʦ, ʘʣʠ, ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʪʨʝʙʘ ʜʘ ʧʦʩʪʦʿʠ ʥʝʟʘʚʠʩʥʦʩʪ ʫ ʜʦʙʠʿʘˁʫ 

ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʦʤ. 

ʇʨʝʧʦʨʫʢʘ 5: ʆʜʛʦʚʘʨʘʿʫ˂ʘ ʭʠʿʝʨʘʨʭʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʤʝʨʝˁʘ ʙʠ ʪʨʝʙʘʣʘ ʜʘ ʩʝ 

ʫʩʧʦʩʪʘʚʠ ʪʦʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʠ ʪʦ ʥʘ ʪʘʿ ʥʘʯʠʥ ʜʘ ʩʝ ʠʟʚʨʰʝ ʤʝʨʝˁʘ 

ʦʜ ʛʣʦʙʘʣʥʠʭ ʜʦ ʣʦʢʘʣʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. 

ʇʨʝʧʦʨʫʢʘ 6: ɽʢʩʧʝʨʠʤʝʥʪ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʪʘʢʦ ʦʨʛʘʥʠʟʦʚʘʥ ʜʘ ʿʝ 

ʤʦʛʫ˂ʝ ʫʪʚʨʜʠʪʠ ʧʨʝʮʠʟʥʦʩʪ ʠ ʪʘʯʥʦʩʪ ʤʝʨʝˁʘ. 

2.7 ɺɸʃʀɼɸʎʀʆʅɸ ʄɽʊʈʀʂɸ 

ʇʨʠʣʠʢʦʤ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ, ʧʦʩʝʙʥʦ ʢʦʜ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ, ʦʙʨʘʹʫʿʫ ʩʝ ʚʝʣʠʢʝ 

ʢʦʣʠʯʠʥʝ ʧʦʜʘʪʘʢʘ ʠʟ ʢʦʿʠʭ ʿʝ ʧʦʪʨʝʙʥʦ ʠʟʜʚʦʿʠʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ 

ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ. ʀʟʙʦʨ ʠ ʦʧʠʩ ʠʟʘʙʨʘʥʠʭ ʚʝʣʠʯʠʥʘ ʟʘ ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʫ 

ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʟʘʭʪʝʚʘ ʜʝʬʠʥʠʩʘʥʠʭ ʠʟʙʦʨʦʤ ʜʦʤʝʥʘ ʟʘ ʢʦʿʠ ʩʝ ʚʨʰʠ 

ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ. 

ʀʟʙʦʨ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʨʘ ʙʠʪʠ ʧʘʞˀʠʚʦ ʠʟʚʨʰʝʥ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ. ɺʝʣʠʯʠʥʝ ʢʦʿʠʤʘ ʩʝ ʠʟʘʙʨʘʥʠ ʧʘʨʘʤʝʪʨʠ ʦʧʠʩʫʿʫ 

ʪʘʢʦʹʝ ʟʘʚʠʩʝ ʦʜ ʥʘʯʠʥʘ ʥʘ ʢʦʿʠ ʩʝ ʚʨʰʠ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ, ʦʜ ʦʩʦʙʠʥʘ ʠʟʘʙʨʘʥʠʭ 

ʧʘʨʘʤʝʪʘʨʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ, ʦʜ ʦʩʦʙʠʥʘ ʫʣʘʟʥʠʭ ʧʘʨʘʤʝʪʘʨʘ 

ʠ ʦʜ ʥʠʟʘ ʜʨʫʛʠʭ ʫʪʠʮʘʿʥʠʭ ʚʝʣʠʯʠʥʘ. ʆʚʘʢʦ ʠʟʘʙʨʘʥʠ ʧʘʨʘʤʝʪʨʠ ʩʝ ʤʦʛʫ ʜʘˀʝ 

ʧʦʨʝʜʠʪʠ  ʠ ʢʦʨʠʩʪʠʪʠ ʢʘʦ ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ, ʠʣʠ ʰʪʦ ʿʝ ʯʝʰ˂ʝ ʫ ʫʧʦʪʨʝʙʠ, 

ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ˁʠʭʦʚʘ ʜʘˀʘ ʤʘʪʝʤʘʪʠʯʢʘ ʦʙʨʘʜʘ ʟʘ ʠʟʥʘʣʘʞʝˁʝ ʚʝʣʠʯʠʥʘ ʢʦʿʝ 

ʩʫ ʧʦʛʦʜʥʝ ʟʘ ʧʦʨʝʹʝˁʝ. 

ɺʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʦʩʥʦʚʫ ʟʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ [15]. ɺʝʦʤʘ ʿʝ ʙʠʪʥʦ ʜʘ ʩʝ ʦʥʘ 

ʜʝʬʠʥʠʰʝ ʫ ʨʘʥʠʤ ʬʘʟʘʤʘ ʧʣʘʥʠʨʘˁʘ ʠʟʛʨʘʜˁʝ ʤʦʜʝʣʘ ʠ ʚʘʣʠʜʘʮʠʦʥʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘ. ʌʦʨʤʠʨʘʥʘ ʫ ʨʘʥʦʿ ʬʘʟʠ ʬʦʨʤʠʨʘˁʘ ʢʦʥʮʝʧʪʫʘʣʥʦʛ ʤʦʜʝʣʘ ʠ 

ʚʘʣʠʜʘʮʠʦʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʜʘʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʘ ʩʝ ʧʨʘʚʠʣʥʦ 

ʦʜʘʙʝʨʫ ʧʘʨʘʤʝʪʨʠ ʠ ʚʝʣʠʯʠʥʝ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ.  

ʅʘʢʦʥ ʰʪʦ ʩʝ ʠʟʚʨʰʠ ʠʟʙʦʨ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʝʬʠʥʠʩʘʪʠ 

ʤʝʨʫ ʢʦʿʘ ˂ʝ ʧʨʠʢʘʟʘʪʠ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʘˁʘ ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ ʜʦʙʠʿʝʥʠʭ 

ʤʘʪʝʤʘʪʠʯʢʠʤ ʤʦʜʝʣʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ.  
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ʉ ʦʙʟʠʨʦʤ ʜʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ, ʜʘʥʘʩ ʩʝ ʢʦʨʠʩʪʠ ʚʝʣʠʢʠ ʙʨʦʿ 

ʥʘʯʠʥʘ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ, ʢʘʢʦ ʩʫʙʿʝʢʪʠʚʥʠʭ, ʪʘʢʦ ʠ ʦʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ 

ʧʦʨʝʹʝˁʘ. ʉʫʙʿʝʢʪʠʚʥʝ ʤʝʪʦʜʝ ʧʦʨʝʹʝˁʘ ʦʮʝʥʫ ʚʘʣʠʜʘʮʠʿʝ ʢʚʘʣʠʪʘʪʠʚʥʦ ʠʩʢʘʟʫʿʫ 

ʩʪʨʫʯˁʘʮʠ, ʜʦʢ ʩʝ ʢʦʜ ʦʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʦʮʝʥʘ ʚʘʣʠʜʘʮʠʿʝ ʠʩʢʘʟʫʿʝ 

ʢʚʘʥʪʠʪʘʪʠʚʥʦ ʨʝʟʫʣʪʘʪʠʤʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʘʪʝʤʘʪʠʯʢʠʭ ʧʨʦʮʝʜʫʨʘ. 

ʉʫʙʿʝʢʪʠʚʥʘ ʧʦʨʝʹʝˁʘ ʩʫ ʧʨʚʝʥʩʪʚʝʥʦ ʚʝʟʘʥʘ ʟʘ ʚʠʟʫʝʣʥʘ ʧʦʨʝʹʝˁʘ ʨʘʟʣʠʯʠʪʠʭ 

ʚʝʣʠʯʠʥʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ. ʇʨʝʜʥʦʩʪ 

ʩʫʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʿʝ ʙʨʟʠʥʘ ʢʦʿʦʤ ʩʝ ʜʦʣʘʟʠ ʜʦ ʨʝʟʫʣʪʘʪʘ ʚʘʣʠʜʘʮʠʿʝ. 

ʅʘʞʘʣʦʩʪ, ʨʝʟʫʣʪʘʪʠ ʦʚʘʢʚʠʭ ʧʦʨʝʹʝˁʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʠʩʢʫʩʪʚʘ 

ʠʩʪʨʘʞʠʚʘʯʘ, ʧʘ ʦʮʝʥʝ ʠʩʪʠʭ ʨʝʟʫʣʪʘʪʘ, ʢʦʿʝ ʩʫ ʜʘʣʠ ʨʘʟʣʠʯʠʪʠ ʩʪʨʫʯˁʘʮʠ, 

ʧʦʢʘʟʫʿʫ ʚʝʣʠʢʫ ʥʝʩʘʛʣʘʩʥʦʩʪ [65]. 

ʋ ʛʨʫʧʫ ʦʙʿʝʢʪʠʚʥʠʭ ʤʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʩʧʘʜʘʿʫ ʤʝʪʦʜʝ ʢʦʿʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ 

ʤʘʪʝʤʘʪʠʯʢʝ ʤʝʨʝ ʟʘ ʫʩʪʘʥʦʚˀʘʚʘˁʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʧʨʝʜʚʠʹʘˁʘ 

ʧʦʥʘʰʘˁʘ ʩʠʩʪʝʤʘ, ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʩʠʩʪʝʤʘ. ʋʦʙʠʯʘʿʝʥʝ ʤʝʨʝ ʟʘ ʫʩʪʘʥʦʚˀʘʚʘˁʝ 

ʨʘʟʣʠʢʘ ʩʫ ʢʦʨʝʣʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ, ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʠ ʢʦʝʬʠʮʠʿʝʥʪʠ, ʤʝʪʦʜʝ 

ʨʘʟʣʠʢʘ ʠ ʜʨʫʛʝ ʧʦʥʜʝʨʠʩʘʥʝ ʠ ʥʝʧʦʥʜʝʨʠʩʘʥʝ ʥʦʨʤʝ. ʆʚʘʢʦ ʜʝʬʠʥʠʩʘʥʝ ʤʝʨʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʥʘʟʠʚʘʿʫ Ăʜʠʩʪʘʥʮʘñ  ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʧʨʝʜʚʠʹʘˁʘ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ 

ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʨʝʘʣʥʦʛ 

ʩʠʩʪʝʤʘ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʢʦʜ ʦʚʠʭ ʤʝʪʦʜʘ ʧʦʨʝʹʝˁʘ ʪʘʢʦʹʝ ʧʦʩʪʦʿʠ 

ʩʫʙʿʝʢʪʠʚʥʦʩʪ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ ʠʟʙʦʨʫ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ˂ʝ ʦʜʨʝʜʠʪʠ ʜʘ ʣʠ 

ʿʝ ʧʦʩʤʘʪʨʘʥʠ ʤʦʜʝʣ ʚʘʣʠʜʘʥ. 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʥʘʚʝʜʝʥʦ, ʤʝʪʨʠʢʘ ʧʨʝʜʩʪʘʚˀʘ ʤʝʨʫ ʥʝʩʣʘʛʘˁʘ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ 

ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ. 

ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʤʝʪʨʠʢʘ ʙʫʜʝ ʠʥʪʫʠʪʠʚʥʘ ʟʘ ʧʨʠʤʝʥʫ, ʢʘʢʦ ʟʘ ʠʥʞʝˁʝʨʝ, ʪʘʢʦ ʠ ʟʘ 

ʨʫʢʦʚʦʜʠʦʮʝ ʧʨʦʿʝʢʘʪʘ. ʇʦʩʪʦʿʠ ʥʠʟ ʧʦʞʝˀʥʠʭ ʦʩʦʙʠʥʘ ʢʦʿʝ ʙʠ ʤʝʪʨʠʢʘ ʪʨʝʙʘʣʘ ʜʘ 

ʧʦʩʝʜʫʿʝ, ʘ ʢʦʿʝ ʩʫ ʜʝʬʠʥʠʩʘʥʝ ʦʜ ʥʠʟʘ ʠʩʪʨʘʞʠʚʘʯʘ [14], [15], [17], [18].  ʅʝʢʝ ʦʜ 

ʧʦʞʝˀʥʠʭ ʦʩʦʙʠʥʘ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʨʠʢʝ, ʢʦʿʝ ʩʫ ʦʧʰʪʝ ʩʫ: 

¶ ɼʦʤʝʥ ʚʘʣʠʜʘʮʠʿʝ ʪʨʝʙʘ ʜʘ ʩʝ ʫ ʰʪʦ ʚʝ˂ʦʿ ʤʝʨʠ ʧʦʢʣʘʧʘ ʩʘ ʜʦʤʝʥʦʤ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʤʘʪʝʤʘʪʠʯʢʦʛ ʤʦʜʝʣʘ, 

¶ ʇʨʠʤʝʥˀʠʚʦʩʪ ʥʘ ʩʢʘʣʘʨʝ,  

¶ ʇʨʠʤʝʥˀʠʚʦʩʪ ʥʘ ʚʝʢʪʦʨʝ, 

¶ ɼʝʪʝʨʤʠʥʠʩʪʠʯʢʠ ʢʘʨʘʢʪʝʨ,   

¶ ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʤʝʪʨʠʢʘ ʦʩʣʠʢʘʚʘ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʧʨʝʜʚʠʹʘˁʘ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʧʦʜʘʪʘʢʘ ʫ ʮʝʣʦʤ ʦʧʩʝʛʫ ʧʦʩʤʘʪʨʘʥʠʭ ʚʝʣʠʯʠʥʘ, ʦʜʥʦʩʥʦ, 

ʤʝʪʨʠʢʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʦʩʝʪˀʠʚʘ ʥʝ ʩʘʤʦ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʨʝʜˁʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ, ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ ʚʨʝʜʥʦʩʪʠ, ʠʣʠ ʚʘʨʠʿʘʥʩʝ.  

¶  ʌʠʟʠʯʢʝ ʿʝʜʠʥʠʮʝ ï ʪʨʝʥʫʪʥʦ ʧʦʩʪʦʿʝ ʜʚʘ ʤʠʰˀʝˁʘ ʦ ʿʝʜʠʥʠʮʘʤʘ ʫ ʢʦʿʠʤʘ 

ʪʨʝʙʘ ʜʘ ʩʝ ʠʩʢʘʞʝ ʤʝʪʨʠʢʘ. ɿʘʛʦʚʦʨʥʠʮʠ ʿʝʜʥʦʛ ʦʜ ˁʠʭ ʩʪʨʫʿʝ ʧʨʝʜʣʘʞʫ ʜʘ 
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ʩʝ ʨʘʟʣʠʢʘ ʠʩʢʘʞʝ ʫ ʬʠʟʠʯʢʠʤ ʿʝʜʠʥʠʮʘʤʘ ʫ ʢʦʿʠʤʘ ʩʫ ʠʩʢʘʟʘʥʠ ʧʘʨʘʤʝʪʨʠ 

ʢʦʿʠ ʩʝ ʧʦʨʝʜʝ. ɼʨʫʛʠ ʧʨʠʩʪʫʧ ʿʝ ʜʘ ʩʝ ʨʘʟʣʠʢʘ ʠʩʢʘʞʝ ʫ ʥʦʨʤʘʣʠʟʦʚʘʥʠʤ 

ʠʣʠ ʩʪʘʪʠʩʪʠʯʢʠʤ  ʿʝʜʠʥʮʠʤʘ.   

¶ ʆʙʿʝʢʪʠʚʥʦʩʪ ʤʝʨʝ ï ʥʘʿʯʝʰ˂ʠ ʠʟʚʦʨ ʥʝʩʣʘʛʘˁʘ ʫ ʦʮʝʥʠ ʚʘˀʘʥʦʩʪʠ ï 

ʧʨʠʭʚʘʪʘˁʫ ʤʦʜʝʣʘ, ʦʛʣʝʜʘ ʩʝ ʫ ʩʫʙʿʝʢʪʠʚʥʦʩʪʠ ʪʦʢʦʤ ʦʮʝʥʝ ʤʦʜʝʣʘ. 

ʆʙʿʝʢʪʠʚʥʦʩʪ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ˂ʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʨʠʢʘ, ʟʘ ʠʩʪʝ ʩʢʫʧʦʚʝ 

ʧʦʩʤʘʪʨʘʥʠʭ ʧʦʜʘʪʘʢʘ, ʜʘʪʠ ʫʚʝʢ ʠʩʪʫ ʦʮʝʥʫ, ʙʝʟ ʦʙʟʠʨʘ ʥʘ ʩʫʙʿʝʢʘʪ ʢʦʿʠ 

ʧʨʠʤʝˁʫʿʝ ʠʟʘʙʨʘʥʫ ʤʝʪʨʠʢʫ. ʉʫʙʿʝʢʪʠʚʥʦʩʪ, ʫ ʚʝ˂ʦʿ ʠʣʠ ʤʘˁʦʿ ʤʝʨʠ, ˂ʝ 

ʫʚʝʢ ʙʠʪʠ ʧʨʠʩʫʪʥʘ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ ʤʝʪʨʠʢʝ, ʘʣʠ ʪʨʝʙʘ ʪʝʞʠʪʠ ʜʘ ʩʝ 

ʪʘ  ʩʫʙʿʝʢʪʠʚʥʦʩʪ ʩʤʘˁʠ.  

¶ ɻʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʧʨʠʭʚʘʪʘˁʝ ʚʘˀʘʥʦʩʪʠ ʤʦʜʝʣʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ 

ʥʝʟʘʚʠʩʥʦ ʜʝʬʠʥʠʩʘʥʝ ʦʜ ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʨʠʢʝ 

¶ ʄʠʰˀʝˁʝ ʝʢʩʧʝʨʘʪʘ ï ʇʨʠʣʠʢʦʤ ʜʝʬʠʥʠʩʘˁʘ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʧʨʠʭʚʘʪʘˁʝ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ ʧʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʫʟʤʝ ʫ ʦʙʟʠʨ ʠ ʤʠʰˀʝˁʝ 

ʝʢʩʧʝʨʘʪʘ ʠʟ ʦʜʨʝʹʝʥʝ ʦʙʣʘʩʪʠ 

¶ ʄʝʪʨʠʢʘ ʪʨʝʙʘ ʜʘ ʿʝ ʦʩʝʪˀʠʚʘ ʥʘ ʛʨʝʰʢʫ ï ʩ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʛʨʝʰʢʝ ʧʨʠʩʫʪʥʝ 

ʢʘʢʦ ʢʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʪʘʢʦ ʠ ʧʨʠ ʩʠʤʫʣʘʮʠʿʠ, ʧʦʞʝˀʥʦ ʿʝ 

ʜʘ ʤʝʪʨʠʢʘ ʫʢˀʫʯʫʿʝ ʛʨʝʰʢʝ ʠ ʜʘ ʿʝ ʦʩʝʪˀʠʚʘ ʥʘ ˁʠʭʦʚʝ ʧʨʦʤʝʥʝ.   

¶ ʄʝʪʨʠʢʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʤʘʪʝʤʘʪʠʯʢʠ ʜʦʙʨʦ ʦʧʠʩʘʥʘ ʠ ʨʘʟʫʤˀʠʚʘ. ʇoʞʝˀʥʦ 

ʿʝ ʜʘ ʩʝ ʤʝʪʨʠʢʘ ʟʘʩʥʠʚʘ ʥʘ ʤʝʨʠ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ ʩʤʠʩʣʫ, ʦʜʥʦʩʥʦ ʥʘ ʥʝʢʦʿ 

ʤʘʪʝʤʘʪʠʯʢʦʿ ʬʫʥʢʮʠʿʠ ʢʦʿʘ ʦʧʠʩʫʿʝ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ. 

ʇʦ ʜʝʬʠʥʠʮʠʿʠ, ʤʘʪʝʤʘʪʠʯʢʘ ʤʝʨʘ d  ʠʤʘ ʩʣʝʜʝ˂ʝ ʦʩʦʙʠʥʝ [17]: 

o ʅʝʥʝʛʘʪʠʚʥʦʩʪ, Ὠὼȟώ π 

o ʉʠʤʝʪʨʠʿʘ, Ὠὼȟώ Ὠώȟὼ 

o ʅʝʿʝʜʥʘʢʦʩʪ ʪʨʦʫʛʣʘ, Ὠὼȟώ Ὠώȟᾀ Ὠὼȟᾀ 

o ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʩʚʘʢʫ ʨʘʟʣʠʢʫ, Ὠὼȟώ π  ʘʢʦ ʠ ʩʘʤʦ ʘʢʦ ʿʝ ὼ ώ 

ʋ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʘ ʤʝʪʨʠʢʘ ʠʩʧʫʥʠ ʩʚʝ ʥʘʚʝʜʝʥʝ ʟʘʭʪʝʚʝ, ʘʣʠ 

ʿʝ ʧʦʞʝˀʥʦ ʜʘ ʠʤʘ ʚʝ˂ʠʥʫ ʥʘʚʝʜʝʥʠʭ ʦʩʦʙʠʥʘ. ʄʝʪʨʠʢʘ ʤʦʞʝ ʙʠʪʠ ʫʧʦʪʨʝʙˀʠʚʘ ʠ 

ʫ ʩʣʫʯʘʿʫ ʜʘ ʥʝ ʠʩʧʫˁʘʚʘ ʥʘʚʝʜʝʥʝ ʤʘʪʝʤʘʪʠʯʢʝ ʫʩʣʦʚʝ. ʋʢʦʣʠʢʦ ʤʝʪʨʠʢʘ ʥʠʿʝ 

ʩʠʤʝʪʨʠʯʥʘ ʦʥʜʘ ʛʦʚʦʨʠʤʦ ʦ Ăʢʚʘʟʠʤʝʪʨʠʮʠñ. ʋʢʦʣʠʢʦ ʤʝʪʨʠʢʘ ʥʝ ʠʩʧʫˁʘʚʘ ʜʨʫʛʠ 

ʠ ʯʝʪʚʨʪʠ ʫʩʣʦʚ ʦʥʜʘ ʩʝ ʤʝʪʨʠʢʘ ʥʘʟʠʚʘ Ăʭʝʤʠʤʝʪʨʠʢʘñ, ʘ ʫʢʦʣʠʢʦ ʥʝ ʠʩʧʫˁʘʚʘ 

ʫʩʣʦʚ ʥʝʿʝʜʥʘʢʦʩʪʠ ʪʨʦʫʛʣʘ ʤʝʪʨʠʢʫ ʥʘʟʠʚʘʤʦ  Ăʩʝʤʠʤʝʪʨʠʢʘñ. ɸʢʦ ʤʝʪʨʠʢʘ ʥʝ 

ʠʩʧʫˁʘʚʘ ʧʦʩʣʝʜˁʠ ʫʩʣʦʚ ʦʥʜʘ ʛʦʚʦʨʠʤʦ ʦ Ăʧʩʝʫʜʦʤʝʪʨʠʮʠñ, ʘ ʫʢʦʣʠʢʦ ʤʝʪʨʠʢʘ 

ʥʝ ʠʩʧʫˁʘʚʘ ʫʩʣʦʚʝ ʩʠʤʝʪʨʠʿʝ ʠ ʪʨʦʫʛʘʦʥʝ ʥʝʿʝʜʥʘʢʦʩʪʠ ʤʝʪʨʠʢʫ ʥʘʟʠʚʘʤʦ 

Ăʧʨʘʤʝʪʨʠʢʘñ. 
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2.8 ɿʅɸʏɸɱ ɺɸʃʀɼɸʎʀɱɽ ʋ ʆɹʃɸʉʊʀ ɾɽʃɽɿʅʀʏʂʆɻ ʄɸʐʀʅʉʊɺɸ 

ɺʨʣʦ ʯʝʩʪʦ ʩʝ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ: Ăɿʙʦʛ ʯʝʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʠʟʚʨʰʠ ʚʘʣʠʜʘʮʠʿʘ ʠ 

ʚʝʨʠʬʠʢʘʮʠʿʘ ʤʦʜʝʣʘ?ñ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʦʚʦʤ ʧʦʛʣʘʚˀʫ, ʧʨʘʚʠʣʥʦʤ 

ʚʝʨʠʬʠʢʘʮʠʿʦʤ ʠ ʚʘʣʠʜʘʮʠʿʦʤ ʤʦʜʝʣʘ ʧʨʠʢʘʟʫʿʝ ʩʝ ʢʦʣʠʢʦ ʪʘʯʥʦ, ʠ ʩʘ ʢʦʿʦʤ 

ʩʠʛʫʨʥʦʰ˂ʫ, ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʩʝ ʧʨʝʜʚʠʜʠ ʙʫʜʫ˂ʝ ʧʦʥʘʰʘˁʝ ʩʠʩʪʝʤʘ, ʘ ʢʦʿʝ ʩʝ ʙʘʟʠʨʘ 

ʥʘ ʨʝʟʫʣʪʘʪʠʤʘ ʜʦʙʠʿʝʥʠʭ ʥʘ ʦʩʥʦʚʫ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ. 

ʋ ʦʙʣʘʩʪʠ ʞʝʣʝʟʥʠʯʢʦʛ ʤʘʰʠʥʩʪʚʘ ʚʨʣʦ ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʤʦʜʝʣʘ, 

ʦʜ ʿʝʜʥʦʩʪʘʚʥʠʭ ʣʠʥʝʘʨʥʠʭ ʩʠʩʪʝʤʘ ʩʘ ʜʚʘ ʠ ʪʨʠ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ [19], [21], [23], ʧʘ 

ʜʦ ʠʟʨʘʟʠʪʦ ʥʝʣʠʥʝʘʨʥʠʭ ʤʦʜʝʣʘ ʩʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥa ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ. ɿʥʘʯʘʿ 

ʫʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʫ ʧʨʦʫʯʘʚʘˁʫ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʦʛʣʝʜʘ 

ʩʝ ʢʨʦʟ: 

¶ ʇʨʝʜʚʠʹʘˁʝ, ʫ ʬʘʟʠ ʨʘʟʚʦʿʘ ʠ ʧʨʦʿʝʢʪʦʚʘˁʘ, ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ, ʫ ʮʠˀʫ ʜʘ ʩʝ ʜʦʩʪʠʛʥʫ ʧʨʦʧʠʩʘʥʠ ʫʩʣʦʚʠ ʚʝʟʘʥʠ 

ʟʘ ʢʚʘʣʠʪʝʪ ʚʦʞˁʝ, ʚʨʝʜʥʦʩʪʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʩʠʣʘ ʠ ʫʙʨʟʘˁʘ,  

¶ ɸʥʘʣʠʟʫ ʫʪʠʮʘʿʘ ʠʟʤʝʥʘ (ʢʘʢʦ ʥʘ ʩʘʤʦʤ ʚʦʟʠʣʫ ʪʘʢʦ ʠ ʥʘ ʢʦʣʦʩʝʢʫ) ʥʘ 

ʧʦʥʘʰʘˁʝ ʚʦʟʠʣʘ ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, 

¶ ɸʥʘʣʠʟʫ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫ ʫʩʣʦʚʠʤʘ ʢʦʿʝ ʥʠʿʝ ʤʦʛʫ˂ʝ, ʠʣʠ ʙʠ ʙʠʣʦ ʚʝʦʤʘ 

ʦʧʘʩʥʦ, ʠʟʚʝʩʪʠ ʧʨʠʣʠʢʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʨʝʘʣʥʦʛ ʚʦʟʠʣʘ, 

¶ ʈʝʜʫʢʦʚʘˁʝ ʦʙʠʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʧʠʪʠʚʘˁʘ  

 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʟʘʚʠʩʠ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʘʨʘʤʝʪʘʨʘ ʠ ʫʩʣʦʚʘ ʧʦʜ ʢʦʿʠʤʘ ʩʝ ʩʧʨʦʚʦʜʠ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʚʨʣʦ ʯʝʩʪʦ ʥʝ ʦʜʩʣʠʢʘʚʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʥʘʰʘˁʝ 

ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. ʂʘʢʦ ʩʝ ʠ ʧʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫʩʚʘʿʘ 

ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʝʪʧʦʩʪʘʚʢʠ, ʪʘʢʦ ʥʠ ʩʠʤʫʣʘʮʠʿʝ ʥʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʨʝʘʣʥʠ ʦʙʿʝʢʘʪ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2-6.  

ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʮʠˀ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʥʠʿʝ ʜʘ ʜʦʙʠʿʝʤʦ ʥʘʿʙʦˀʝ ʤʦʛʫ˂ʝ 

ʩʣʘʛʘˁʝ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ, ʚʝ˂ ʜʘ ʠʩʧʠʪʘʤʦ 

ʜʘ ˂ʝ ʨʘʟʚʠʿʝʥʠ ʤʦʜʝʣ ʘʜʝʢʚʘʪʥʦ-ʚʝʨʥʦ ʧʨʠʢʘʟʘʪʠ ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʦʛ ʦʙʿʝʢʪʘ, ʫ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ [16]. 
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ʉʣʠʢʘ 2-5. ʆʜʥʦʩ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʠ ʨʝʘʣʥʦʛ 

ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʫ ʦʧʰʪʝʤ ʩʣʫʯʘʿʫ, ʩʫ ʚʨʣʦ 

ʩʢʫʧʘ ʠ ʜʫʛʦʪʨʘʿʥʘ. ʆʥʘ ʠʟʠʩʢʫʿʫ ʘʥʛʘʞʦʚʘˁʝ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ˀʫʜʠ, ʧʨʝʮʠʟʥʫ 

ʦʨʛʘʥʠʟʘʮʠʿʫ, ʢʘʦ ʠ ʧʣʘʥʠʨʘˁʝ ʠʩʧʠʪʠʚʘˁʘ. ʇʦʨʝʜ ʪʦʛʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʠʟʚʨʰʠ 

ʠʩʧʠʪʠʚʘˁʝ ʢʦʣʦʩʝʢʘ ʧʨʝ ʥʝʛʦ ʰʪʦ ʩʝ ʠʟʚʨʰʠ ʠʩʧʠʪʠʚʘˁʝ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ 

ʚʦʟʠʣʘ. ʀʩʧʠʪʠʚʘˁʝ ʢʦʣʦʩʝʢʘ ʩʘ ʩʚʦʿʝ ʩʪʨʘʥʝ ʪʘʢʦʹʝ ʤʦʨʘ ʜʘ ʟʘʜʦʚʦˀʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʧʨʦʧʠʩʝ ʜʝʬʠʥʠʩʘʥʝ ʤʝʹʫʥʘʨʦʜʥʠʤ ʧʨʦʧʠʩʠʤʘ [30], [31]. 

ʇʨʦʠʟʚʦʹʘʯʠ ʚʦʟʠʣʘ ʧʦʢʫʰʘʚʘʿʫ ʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ, ʢʦʿʝ ʿʝ ʿʝʜʠʥʠ ʠ 

ʦʩʥʦʚʥʠ ʫʩʣʦʚ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʚʦʟʠʣʘ ʧʨʝʤʘ ʚʘʞʝ˂ʠʤ ʧʨʦʧʠʩʠʤʘ, ʩʚʝʜʫ ʥʘ 

ʥʘʿʤʘˁʠ ʤʦʛʫ˂ʠ ʦʙʠʤ.  ʇʨʦʿʝʢʪʦʚʘˁʝ ʠ ʩʝʨʪʠʬʠʢʘʮʠʿʘ ʚʦʟʠʣʘ ʩʝ ʜʘʥʘʩ ʟʘʩʥʠʚʘ 

ʤʘˁʠʤ ʜʝʣʦʤ ʥʘ ʩʠʤʫʣʘʮʠʿʠ ʧʦʥʘʰʘˁʘ (ʩʠʤʫʣʘʮʠʿʦʤ ʤʝʪʦʜʦʤ ʢʦʥʘʯʥʠʭ ʝʣʝʤʝʥʘʪʘ, 

ʩʠʤʫʣʘʮʠʿʦʤ ʢʨʝʪʘˁʘ ʩʠʩʪʝʤʘ ʪʝʣʘ), ʘ ʫ ʤʥʦʛʦ ʚʝ˂ʦʿ ʤʝʨʠ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ 

ʠʩʧʠʪʠʚʘˁʫ ʚʦʟʠʣʘ. ʅʘʞʘʣʦʩʪ,  ʧʨʠʣʠʢʦʤ ʧʨʦʿʝʢʪʦʚʘˁʘ ʥʦʚʦʛ ʚʦʟʠʣʘ, ʢʦʨʠʩʪʠ ʩʝ 

ʚʝʦʤʘ ʤʘʣʦ ʧʦʚʨʘʪʥʠʭ ʠʥʬʦʨʤʘʮʠʿʘ ʠʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʩʠʤʫʣʘʮʠʦʥʠʭ 

ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʪʭʦʜʥʠʭ ʤʦʜʝʣʘ. ʋʦʙʠʯʘʿʝʥʘ ʧʨʘʢʩʘ ʿʝ ʜʘ ʩʝ ʧʨʦʮʝʩʫ ʧʨʦʿʝʢʪʦʚʘˁʘ 

ʥʦʚʦʛ ʚʦʟʠʣʘ ʧʨʠʩʪʫʧʘ ʦʜ ʧʦʯʝʪʢʘ, ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 2-7. 
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ʉʣʠʢʘ 2-6. ʊʨʝʥʫʪʥʦ ʤʝʩʪʦ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ ʫ ʧʨʦʿʝʢʪʦʚʘˁʫ ʞʝʣʝʟʥʠʯʢʠʭ 

ʚʦʟʠʣʘ 

ʋʚʦʹʝˁʝ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʫ ʧʨʦʮʝʩ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʩʝʨʪʠʬʠʢʘʮʠʿʝ ʚʦʟʠʣʘ, 

ʦʪʚʦʨʠʣʦ ʙʠ ʤʦʛʫ˂ʥʦʩʪ ʩʤʘˁʝˁʘ, ʤʘʜʘ ʥʝ ʠ ʧʦʪʧʫʥʦʛ ʫʢʠʜʘˁʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ.  

ʉʠʤʫʣʘʮʠʿʘ
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ʉʣʠʢʘ 2-7. ɿʥʘʯʘʿ ʩʠʤʫʣʘʮʠʿʝ ʫ ʙʫʜʫ˂ʥʦʩʪʠ ʫ ʧʨʦʮʝʩʫ ʧʨʦʿʝʢʪʦʚʘˁʘ ʠ ʩʝʨʪʠʬʠʢʘʮʠʿʝ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ 

ʋʢʦʣʠʢʦ ʙʠ ʧʦʩʪʦʿʘʣʘ ʜʦʙʨʦ ʜʝʬʠʥʠʩʘʥʘ ʧʨʦʮʝʜʫʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ, ʙʠʣʦ ʙʠ ʤʦʛʫ˂ʝ ʫ ʧʦʿʝʜʠʥʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʠ ʧʦʪʧʫʥʦ ʠʟʚʨʰʠʪʠ 

ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʚʦʟʠʣʘ [34] ʟʘʩʥʦʚʘʥʦ ʥʘ ʩʠʤʫʣʘʮʠʿʠ ʢʨʝʪʘˁʘ, ʢʘʢʦ ʿʝ ʪʦ ʦʧʠʩʘʥʦ 

ʩʣʠʢʦʤ 2-8. ʆʩʥʦʚʘ ʟʘ ʫʤʘˁʝˁʝ ʦʙʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʠʣʠ, ʫ ʙʣʠʞʦʿ ʠʣʠ ʜʘˀʦʿ 

ʙʫʜʫ˂ʥʦʩʪʠ, ʧʦʪʧʫʥʦ ʫʢʠʜʘˁʝ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʟʘʤʝʥʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘ ʦʜʛʦʚʘʨʘʿʫ˂ʦʤ ʩʠʤʫʣʘʮʠʿʦʤ - ʚʠʨʪʫʘʣʥʠʤ ʪʝʩʪʠʨʘˁʝʤ - ʧʨʝʤʘ 

ʨʝʟʫʣʪʘʪʠʤʘ ʧʨʦʿʝʢʪʘ ʌʇ7 ñDynoTrainò, ʧʨʝʜʩʪʘʚˀʘ ʧʨʘʚʠʣʥʦ ʠ ʘʜʝʢʚʘʪʥʦ 

ʩʧʨʦʚʝʜʝʥ ʧʦʩʪʫʧʘʢ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ. 

ʋʢʦʣʠʢʦ ʙʠ ʤʦʜʝʣ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʟʘʜʦʚʦˀʠʦ ʫʩʣʦʚʝ ʧʨʦʮʝʜʫʨʘ ʚʘʣʠʜʘʮʠʿʝ ʠ 

ʚʝʨʠʬʠʢʘʮʠʿʝ, ʦʥʜʘ ʙʠ ʨʝʟʫʣʪʘʪʠ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʤʦʜʝʣʘ ʠʣʠ ˁʝʛʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʠ ʤʦʛʣʠ ʫ ʧʦʪʧʫʥʦʩʪʠ ʜʘ ʟʘʤʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪ, ʢʘʢʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 2-9. 
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ʋʩʣʦʚʠ ʧʦʜ ʢʦʿʠʤʘ ʩʝ 
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ʀʩʧʠʪʠʚʘˁʝ ʥʘ ʨʝʘʣʥʦʤ ʚʦʟʠʣʫ

ɺʠʨʪʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʫʧʦʪʨʝʙʦʤ ʩʠʤʫʣʘʮʠʿʝ
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ʉʣʠʢʘ 2-8. ʀʩʧʠʪʠʚʘˁʝ ʥʘ ʨʝʘʣʥʦʤ ʦʙʿʝʢʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʚʠʨʪʫʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ 

ʫʧʦʪʨʝʙʦʤ ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ 

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʦʙʫʭʚʘʪʠ ʩʚʝ, ʠʣʠ ʙʘʨ ʥʘʿʚʝ˂ʠ ʜʝʦ ʛʨʝʰʘʢʘ, ʢʦʿʝ 

ʥʘʩʪʘʿʫ ʫ ʧʨʦʮʝʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ, ʢʘʦ ʠ ʧʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʝ 

ʧʦʥʘʰʘˁʘ ʚʦʟʠʣʘ, ʫʩʣʦʚʝ ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʚʨʰʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʠ 

ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʩʠʤʫʣʘʮʠʿʘ ʧʦʥʘʰʘˁʘ, ʢʘʦ ʠ ʩʪʦʭʘʩʪʠʯʢʫ ʧʨʠʨʦʜʫ ʜʦʙʠʿʝʥʠʭ 

ʨʝʟʫʣʪʘʪʘ. 
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3 ʇʈɽɻʃɽɼ ʄɽʊʆɼɸ ɿɸ ɺɸʃʀɼɸʎʀɱʋ ʄʆɼɽʃɸ 

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʿʝ ʧʦʩʪʫʧʘʢ ʢʦʿʠ ʩʝ ʧʨʠʤʝˁʫʿʝ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ ʤʦʜʝʣʠʨʘˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ. ʉʣʦʞʝʥʦʩʪ ʠʟʛʨʘʹʝʥʦʛ ʤʦʜʝʣʘ ʠ ʩʣʦʞʝʥʦʩʪ 

ʩʘʤʝ ʬʠʟʠʯʢʝ ʧʦʿʘʚʝ ʢʦʿʘ ʩʝ ʠʟʫʯʘʚʘ ʠ ʤʦʜʝʣʫʿʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʦʜʨʝʹʫʿʫ ʠ ʚʨʩʪʫ 

ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʦʜʝ ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ. ʇʦʨʝʜ ʥʘʚʝʜʝʥʦʛ, ʧʦʩʪʦʿʘˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʚʨʩʪʘ ʛʨʝʰʘʢʘ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠʩʧʠʪʠʚʘˁʫ ʠ ʧʨʠ ʥʫʤʝʨʠʯʢʠʤ 

ʩʠʤʫʣʘʮʠʿʘʤʘ, ʢʘʦ ʠ ʥʘʿʯʝʰ˂ʝ ʧʨʠʩʫʪʥʘ ʩʫʙʿʝʢʪʠʚʥʦʩʪ ʫ ʧʨʦʮʝʩʫ ʠʟʙʦʨʘ 

Ăʧʦʛʦʜʥʦʛñ ʥʫʤʝʨʠʯʢʦʛ ʤʦʜʝʣʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʩʣʦʞˁʘʚʘʿʫ ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ. 

ʋʩʣʝʜ ʪʦʛʘ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ, ʘ ʢʦʿʝ ʟʘʚʠʩʝ 

ʦʜ ʚʨʩʪʝ ʩʠʩʪʝʤʘ ʟʘ ʢʦʿʠ ʩʝ ʚʨʰʠ ʚʘʣʠʜʘʮʠʿʘ, ʢʘʦ ʠ ʦʜ ʜʦʤʝʥʘ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʨʦʮʝʩ 

ʚʘʣʠʜʘʮʠʿʝ. ɻʝʥʝʨʘʣʥʦ ʛʣʝʜʘʿʫ˂ʠ, ʥʝ ʧʦʩʪʦʿʠ Ăʟʣʘʪʥʦ ʧʨʘʚʠʣʦñ ʢʦʿʝ ʜʘʿʝ ʿʘʩʥʝ 

ʩʤʝʨʥʠʮʝ ʢʘʢʦ ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʤʝʭʘʥʠʯʢʦʛ ʩʠʩʪʝʤʘ, ʚʝ˂ 

ʩʝ ʧʨʦʮʝʩ ʚʘʣʠʜʘʮʠʿʝ ʜʝʬʠʥʠʰʝ ʦʜ ʩʣʫʯʘʿʘ ʜʦ ʩʣʫʯʘʿʘ, ʦʜ ʤʦʜʝʣʘ ʜʦ ʤʦʜʝʣʘ.  

ʆʮʝʥʘ ʜʠʥʘʤʠʯʢʦʛ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʚʨʰʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʨʠʢʫʧˀʘˁʘ 

ʧʦʜʘʪʘʢʘ ʦ ʚʨʝʜʥʦʩʪʠʤʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʚʝʣʠʯʠʥʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʧʨʠ 

ʢʨʝʪʘˁʫ ʚʦʟʠʣʘ ʫ ʨʝʘʣʥʠʤ, ʝʢʩʧʣʦʘʪʘʮʠʦʥʠʤ ʫʩʣʦʚʠʤʘ. ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʥʘʯʠʥʘ 

ʦʧʠʩʠʚʘˁʘ ʚʝʟʘ ʠ ʩʣʦʞʝʥʦʩʪʠ, ʞʝʣʝʟʥʠʯʢʘ ʚʦʟʠʣʘ ʩʝ ʤʦʛʫ ʦʧʠʩʘʪʠ ʧʦʤʦ˂ʫ ʧʨʦʩʪʠʭ 

ʣʠʥʝʘʨʥʠʭ ʤʦʜʝʣʘ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ  ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʢʘʦ ʠ ʩʘ ʠʟʨʘʟʠʪʦ 

ʥʝʣʠʥʝʘʨʥʠʤ ʤʦʜʝʣʠʤʘ  ʩʘ ʥʝʢʦʣʠʢʦ ʜʝʩʝʪʠʥʘ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ. ʋ ʦʚʦʤ 

ʠʩʪʨʘʞʠʚʘˁʫ ʧʘʞˁʘ ʿʝ ʫʩʤʝʨʝʥʘ ʥʘ ʚʘʣʠʜʘʮʠʿʫ ʥʝʣʠʥʝʘʨʥʠʭ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ 

ʚʦʟʠʣʘ ʩʘ ʩʪʦʭʘʩʪʠʯʢʦʤ ʧʦʙʫʜʦʤ. 

ʋ ʦʢʚʠʨʫ ʦʚʦʛ ʧʦʛʣʘʚˀʘ ʜʘʪ ʿʝ ʦʧʠʩ ʨʘʟʣʠʯʠʪʠʭ ʪʝʭʥʠʢʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʨʘʟʣʠʯʠʪʠʭ ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ, ʢʘʦ ʠ ʦʧʠʩ ʨʘʟʣʠʯʠʪʠʭ 

ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʨʠʢʘ ʢʦʿʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʫ ʧʨʦʮʝʩʠʤʘ ʚʘʣʠʜʘʮʠʿʝ.  

3.1 ʂɸʊɽɻʆʈʀɿɸʎʀɱɸ ɺɸʃʀɼɸʎʀʆʅʀʍ ʄɽʊʆɼɸ 

ʈʘʟʚʦʿʘ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʩʣʦʞʝʥʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ 

ʩʠʩʪʝʤʘ ʫʩʣʦʚʠʦ ʿʝ ʧʦʪʨʝʙʫ ʟʘ ʨʘʟʚʦʿʝʤ ʤʝʪʦʜʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ. 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʧʨʦʙʣʝʤʠʤʘ ʚʝʨʠʬʠʢʘʮʠʿʝ ʠ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʙʘʚʠ ʚʝʣʠʢʠ ʙʨʦʿ 

ʠʩʪʨʘʞʠʚʘʯʘ, ʧʦʩʪʦʿʠ ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʠʩʪʫʧʘ ʟʘ ʨʝʰʘʚʘˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ. ʇʨʝʤʘ 

ʚʨʩʪʠ ʤʝʪʨʠʢʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ, ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʧʝʪ 

ʦʩʥʦʚʥʠʭ ʛʨʫʧʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-1 [21, 22, 23]. 
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ʄʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ

ɻʨʘʬʠʯʢʝ 

ʤʝʪʦʜʝ

ʄʝʪʦʜʝ 

ʙʘʟʠʨʘʥʝ ʥʘ 

ʧʦʨʝʹʝˁʫ 

ʚʝʣʠʯʠʥʘ

ʄʝʪʦʜʝ 

ʙʘʟʠʨʘʥʝ ʥʘ 

ʧʦʨʝʹʝˁʫ 

ʢʫʤʫʣʘʪʠʚʥʠʭ 

ʬʫʥʢʮʠʿʘ

ʊʝʩʪʠʨʘˁʝ 

ʭʠʧʦʪʝʟʘ
ɹʘʿʝʩʦʚ ʦʢʚʠʨ

 

ʉʣʠʢʘ 3-1. ʂʘʪʝʛʦʨʠʟʘʮʠʿʘ ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʦʜʘ 

3.1.1 ˥ͪ͊ͺ͙;͔͟ ͔͔ͣͭͦ͒ ͍͙͊͒͊͡ͼ͙͔͞ ͔ͣͦ͒͊͡ 

ɻʨʘʬʠʯʢʝ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʦʜʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʛʝʥʝʨʠʩʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʜʠʿʘʛʨʘʤʘ ʠ 

ˁʠʭʦʚʦʤ ʠʥʪʫʠʪʠʚʥʦʤ ʪʫʤʘʯʝˁʫ. ʂʦʜ ʦʚʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʪʝʞˁʘ ʿʝ ʜʘ ʩʝ 

ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ 

ʧʨʠʢʘʞʫ ʛʨʘʬʠʢʦʥʠʤʘ ʠʩʪʝ ʩʢʘʣʝ ʥʘ ʿʝʜʥʦʤ ʜʠʿʘʛʨʘʤʫ. ʆʮʝʥʘ ʩʣʠʯʥʦʩʪʠ, ʥʘʿʯʝʰ˂ʝ 

ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʚʨʰʠ ʩʝ ʚʠʟʫʝʣʥʠʤ ʫʧʦʨʝʹʠʚʘˁʝʤ ʛʨʘʬʠʢʦʥʘ. ʆʜʣʫʢʘ ʜʘ ʣʠ ʿʝ ʤʦʜʝʣ 

ʚʘʣʠʜʘʥ ʜʦʥʦʩʠ ʩʝ ʥʘ ʦʩʥʦʚʫ ʫʦʯʝʥʠʭ ʨʘʟʣʠʢʘ ʤʝʹʫ ʛʨʘʬʠʢʦʥʠʤʘ. ʇʦʨʝʹʝˁʘ 

ʧʘʨʘʤʝʪʘʨʘ ʩʫ ʥʘʿʯʝʰ˂ʝ ʦʛʨʘʥʠʯʝʥʘ ʥʘ ʿʝʜʘʥ ʫʩʢʠ ʜʦʤʝʥ. ɻʨʝʰʢʝ ʤʝʨʝˁʘ ʥʘʿʯʝʰ˂ʝ 

ʥʠʩʫ ʫʟʝʪʝ ʫ ʦʙʟʠʨ ʥʠʪʠ ʩʫ ʠʩʢʘʟʘʥʝ ʧʨʠʣʠʢʦʤ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ. ʂʚʘʥʪʠʪʘʪʠʚʥʘ 

ʦʮʝʥʘ ʦ ʨʘʟʣʠʢʘʤʘ ʧʘʨʘʤʝʪʘʨʘ ʧʨʠʢʘʟʘʥʠʭ ʥʘ ʛʨʘʬʠʢʦʥʠʤʘ ʥʝ ʧʦʩʪʦʿʠ ʢʦʜ ʦʚʝ 

ʤʝʪʦʜʝ. ʆʜʣʫʢʘ ʦ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ ʿʝ ʩʪʦʛʘ ʠʟʨʘʟʠʪʦ ʩʫʙʿʝʢʪʠʚʥʘ ʠ ʟʘʩʥʠʚʘ ʩʝ ʥʘ 

ʠʩʢʫʩʪʚʫ ʠʩʪʨʘʞʠʚʘʯʘ ʢʦʿʠ ʚʨʰʠ ʚʘʣʠʜʘʮʠʿʫ, ʦʜʥʦʩʥʦ ʧʦʨʝʹʝˁʝ ʛʨʘʬʠʢʦʥʘ.  

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʠʤʝʨʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʙʘʟʠʨʘʥʫ ʥʘ 

ʛʨʘʬʠʯʢʠʤ ʤʝʪʦʜʘʤʘ. ʊʠʧʠʯʘʥ ʧʨʠʤʝʨ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʛʨʘʬʠʯʢʠʤ ʤʝʪʦʜʘʤʘ 

ʿʝ ʧʨʠʢʘʟʘʥ ʫ ʨʝʬʝʨʝʥʮʘʤʘ [32] ʠ [33]  ʢʘʦ ʠ ʫ ʨʘʜʫ Polach-ʘ [34], ʛʜʝ ʿʝ ʟʘ ʨʘʟʚʠʿʝʥʠ 

ʤʦʜʝʣ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ - ʣʦʢʦʤʦʪʠʚʝ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʠʟʚʨʰʝʥʘ ʧʦʨʝʹʝˁʝʤ ʫ 

ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ ʩʠʣʘ ʥʘ ʦʩʦʚʠʥʩʢʠʤ ʩʢʣʦʧʦʚʠʤʘ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʤʝʨʝˁʝʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ ʨʘʟʚʠʿʝʥʦʛ ʤʦʜʝʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-2. 
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ʉʣʠʢʘ 3-2. ʇʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ ʤʝʨʝˁʝʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ ʟʘ ʩʠʣʝ ʥʘ ʦʩʦʚʠʥʩʢʦʤ 

ʩʢʣʦʧʫ ʣʦʢʦʤʦʪʠʚʝ ʢʦʿʘ ʩʝ ʢʨʝ˂ʝ ʧʦ ʢʦʣʦʩʝʢʫ ʩʘ ʢʨʠʚʠʥʘʤʘ 

3.1.2 ˸͔͔ͭͦ͒ ͍͙͊͒͊͡ͼ͙͊͞ ͔ͨͦͪΏ͔͔ͥͣ ͍͍ͫͦͫͭ͊͊͞ ͙͎ͫͤ͊͊͡ 

ʂʦʜ ʦʚʝ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʦʜʝ ʦʮʝʥʘ ʦ ʧʦʜʦʙʥʦʩʪʠ ʧʦʩʤʘʪʨʘʥʦʛ ʤʦʜʝʣʘ ʜʦʥʦʩʠ ʩʝ ʥʘ 

ʦʩʥʦʚʫ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʩʚʦʿʩʪʘʚʘ ʩʠʛʥʘʣʘ ʢʦʿʠʤʘ ʩʝ 

ʦʧʠʩʫʿʝ ʧʦʩʤʘʪʨʘʥʠ ʩʠʩʪʝʤ, ʥʧʨ. ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʘʤʧʣʠʪʫʜʘ, ʬʨʝʢʚʝʥʮʠ, ʩʨʝʜˁʝ 

ʢʚʘʜʨʘʪʥʠʭ ʚʨʝʜʥʦʩʪʠ, ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ, ʥʘ ʦʩʥʦʚʫ ʨʘʟʣʠʢʝ ʚʘʨʠʿʘʥʩʠ, ʠ ʜʨʫʛʦʛ.  

ʋ ʦʢʚʠʨʫ ʦʚʝ ʤʝʪʦʜʝ ʧʦʩʪʦʿʠ ʜʦʙʘʨ ʤʘʪʝʤʘʪʠʯʢʠ ʦʩʥʦʚ ʟʘ ʬʦʨʤʠʨʘˁʝ ʚʘʣʠʜʘʮʠʦʥʝ 

ʤʝʪʨʠʢʝ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ˁʝʥʦ ʢʦʨʠʰ˂ʝˁʝ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʤʦʜʝʣʘ, 

ʦʜ ʦʥʠʭ ʢʦʿʠ ʦʧʠʩʫʿʫ ʧʨʦʙʣʝʤʘ ʭʠʜʨʦʣʦʛʠʿʝ [35], ʧʨʝʢʦ ʪʝʨʤʦʜʠʥʘʤʠʢʝ [36] ʠ 

ʝʣʝʢʪʨʦʪʝʭʥʠʢʝ [37], ʧʘ ʜʦ ʤʦʜʝʣʘ ʢʦʿʠʤʘ ʩʝ ʠʟʫʯʘʚʘʿʫ ʧʦʥʘʰʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ 

ʤʝʭʘʥʠʯʢʠʭ ʩʠʩʪʝʤʘ [38]. ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʦʤ ʧʦʨʝʹʝˁʫ 

ʚʝʣʠʯʠʥʘ, ʠ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʤʦʜʝʣʘ, ʫ ʦʢʚʠʨʫ ʦʚʝ 

ʤʝʪʦʜʝ ʿʝ ʨʘʟʚʠʿʝʥʦ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʨʠʢʘ. 

ɼʚʝ ʥʘʿʿʝʜʥʦʩʪʘʚʥʠʿʝ, ʠ ʫʿʝʜʥʦ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʝ, ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʨʠʢʝ ʟʘ ʦʮʝʥʫ 

ʩʣʘʛʘˁʘ ʨʝʟʫʣʪʘʪʘ ʩʠʤʫʣʘʮʠʿʝ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʨʝʟʫʣʪʘʪʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ 

ʧʨʘʢʩʠ ʩʫ ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ (mean absolute error -MAE) ʠ ʩʨʝʜˁʘ 

ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (root-mean-square error ï RMSE ʠʣʠ root-mean-square deviation - 

RMSD). ʅʘʚʝʜʝʥʝ ʤʝʪʨʠʢʝ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʿʝʜʥʦʩʪʘʚʥʦʤ ʤʘʪʝʤʘʪʠʯʢʦʤ ʘʧʘʨʘʪʫ, 

ʨʝʣʘʪʠʚʥʦ ʩʫ ʿʝʜʥʦʩʪʘʚʥʝ ʟʘ ʫʧʦʪʨʝʙʫ, ʠ ʥʝ ʟʘʭʪʝʚʘʿʫ ʤʥʦʛʦ ʨʘʯʫʥʩʢʦʛ ʚʨʝʤʝʥʘ. 

ʆʮʝʥʘ ʩʣʘʛʘˁʘ ʤʦʜʝʣʘ ʩʘ ʨʝʘʣʥʠʤ ʩʠʩʪʝʤʦʤ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʠʩʢʘʟʫʿʝ ʪʘʢʦ ʰʪʦ ʿʝ 

ʤʘˁʘ ʚʨʝʜʥʦʩʪ ʠʟʘʙʨʘʥʝ ʚʝʣʠʯʠʥʝ ʟʥʘʯʠ ʜʘ ʤʦʜʝʣ ʚʝʨʥʠʿʝ ʧʨʠʢʘʟʫʿʝ ʧʦʩʤʘʪʨʘʥʠ 

ʨʝʘʣʥʠ ʩʠʩʪʝʤ. ʋʢʦʣʠʢʦ ʙʠ ʠʟʨʘʯʫʥʘʪʘ ʛʨʝʰʢʘ ʙʠʣʘ ʿʝʜʥʘʢʘ ʥʫʣʠ ʪʦ ʙʠ ʟʥʘʯʠʣʦ ʜʘ 
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ʠʤʘʤʦ ʤʦʜʝʣ ʢʦʿʠ ʚʝʨʥʦ ʧʨʠʢʘʟʫʿʝ ʨʝʘʣʥʠ ʩʠʩʪʝʤ, ʰʪʦ ʿʝ ʛʦʪʦʚʦ ʥʝʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ 

ʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ. 

3.1.2.1 ˿͔ͪ͒ͥ͊ ͊ͨͫͦͯͭͤ͊͡ ͎͔ͪ΄͊͟ 

ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ (mean absolute error ïMAE)  ʧʨʝʜʩʪʘʚˀʘ ʫʩʨʝʜˁʝʥʫ 

ʨʘʟʣʠʢʫ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʤʝʨʝˁʝʤ [36].  

ɸʢʦ ʿʝ ʩʘ ὴ ʦʟʥʘʯʝʥʘ ʚʨʝʜʥʦʩʪ ʜʦʙʠʿʝʥʘ ʩʠʤʫʣʘʮʠʿʦʤ ʘ ʩʘ ί ʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ 

ʧʦʩʤʘʪʨʘʥʝ ʚʝʣʠʯʠʥʝ, ʪʘʜʘ ʩʝ ʛʨʝʰʢʘ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὡ ȿὴ ίȿ   (3-1) 

ʧʨʠ ʯʝʤʫ ʿʝ ʩʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʜʝʬʠʥʠʩʘʥʘ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ: 

ὓὃὉ В ȿὴ ίȿ В ȿὩȿ   (3-2) 

3.1.2.2 ˿͔ͪ͒ͥ͊ ͍͊͒ͪ͊ͭͤ͊͟ ͎͔ͪ΄͊͟ 

ʉʨʝʜˁʘ ʢʚʘʜʨʘʪʥʘ ʛʨʝʰʢʘ (root-mean-square error ïRMSE ʠʣʠ root-mean-square 

deviation - RMSD) ʦʧʠʩʫʿʝ ʨʘʟʣʠʢʫ ʠʟʤʝʹʫ ʨʝʟʫʣʪʘʪʘ ʧʨʝʜʚʠʹʘˁʘ ʜʦʙʠʿʝʥʠʭ 

ʤʦʜʝʣʦʤ ʠ ʨʝʟʫʣʪʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ 

ʜʝʬʠʥʠʮʠʿʠ [37]: 

ὙὓὛὉ В ὴ ί    (3-3) 

ʇʦʨʝʜ ʦʮʝʥʝ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ, ʧʨʝʜʩʪʘʚˀʝʥʝ ʤʝʪʨʠʢʝ ʩʝ ʚʨʣʦ ʯʝʩʪʦ ʢʦʨʠʩʪʝ  ʟʘ 

ʨʝʛʨʝʩʠʦʥʫ ʘʥʘʣʠʟʫ, ʢʘʦ ʠ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʿʠ ʧʘʨʘʤʝʪʘʨʘ ʤʦʜʝʣʘ ʪʨʘʞʝˁʝʤ 

ʤʠʥʠʤʫʤʘ ʛʨʝʰʢʝ. ʀʟʨʘʯʫʥʘʚʘˁʝ ʩʨʝʜˁʝ ʘʧʩʦʣʫʪʥʝ ʛʨʝʰʢʝ ʠ ʩʨʝʜˁʝ ʢʚʘʜʨʘʪʥʝ 

ʛʨʝʰʢʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʦʙʘʚʝʟʥʝ ʧʦʩʪʫʧʢʝ ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʚʘʨʠʿʘʥʩʠ ï ɸʅʆɺɸ 

ʤʝʪʦʜʝ, ʢʘʦ ʠ ʧʨʠ ʩʪʘʪʠʩʪʠʯʢʦʿ ʦʮʝʥʠ ʤʦʜʝʣʘ [37]. 

3.1.2.3 ˾͔͍͊ͫͦ͊͡ ͔͙ͣͭͪ͊͟ 

ʈʘʩʝʣʦʚʘ (Russell) ʤʝʪʨʠʢʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʮʝʥʠ ʛʨʝʰʘʢʘ ʫ ʘʤʧʣʠʪʫʜʘʤʘ ʠ ʬʘʟʘʤʘ 

ʜʚʘ ʩʠʛʥʘʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ [38]. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ ʘʤʧʣʠʪʫʜʘ ʜʚʘ ʩʠʛʥʘʣʘ 

ʧʨʝʤʘ ʦʚʦʤ ʤʝʪʦʜʫ ʩʝ ʠʟʨʘʞʘʚʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὓ ίὫὲὓὰέὫρ ȿὓȿ   (3-4) 

ʛʜʝ ʿʝ: 

ὓ
В В

В В
   (3-5) 

ʧʨʠ ʯʝʤʫ ʿʝ: 

¶ ὴ ʚʨʝʜʥʦʩʪ ʜʦʙʠʿʝʥʘ ʧʨʝʜʚʠʹʘˁʝʤ,  

¶ ί ʚʨʝʜʥʦʩʪ ʜʦʙʠʿʝʥʘ ʤʝʨʝˁʝʤ  
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ɸʢʦ ʿʝ ʩʘ ὴὸ ʦʟʥʘʯʝʥʘ ʚʨʝʜʥʦʩʪ ʜʦʙʠʿʝʥʘ ʩʠʤʫʣʘʮʠʿʦʤ, ʘ ʩʘ ίὸ ʤʝʨʝʥʘ ʚʨʝʜʥʦʩʪ 

ʧʦʩʤʘʪʨʘʥʝ ʚʝʣʠʯʠʥʝ, ʪʘʜʘ ʩʝ ʤʦʛʫ ʬʦʨʤʠʨʘʪʠ ʩʣʝʜʝ˂ʠ ʠʥʪʝʛʨʘʣʠ: 

ὺ ὸ ὸ ὴ ὸὨὸ 

ὺ ὸ ὸ ί ὸὨὸ 

ὺ ὸ ὸ ᷿ ὴὸίὸὨὸ  (3-6) 

ʧʨʠ ʯʝʤʫ ὸ ὸ  ʧʨʝʜʩʪʘʚˀʘ ʚʨʝʤʝʥʩʢʠ ʠʥʪʝʨʚʘʣ ʫ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʦʨʝʹʝˁʝ 

ʩʠʛʥʘʣʘ. 

ʇʨʝʤʘ ʈʘʩʝʣʦʚʦʿ ʤʝʪʨʠʮʠ, ʟʘ ʫʪʚʨʹʠʚʘˁʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʘ ʚʨʝʤʝʥʩʢʘ ʩʠʛʥʘʣʘ 

ʥʠʿʝ ʜʦʚʦˀʥʦ ʠʟʨʘʯʫʥʘʪʠ ʩʘʤʦ ʨʘʟʣʠʢʫ ʤʝʫ́ ˁʠʭʦʚʠʤ ʘʤʧʣʠʪʫʜʘʤʘ, ʚʝ˂ ʿʝ 

ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʠ ʢʦʨʝʣʘʮʠʿʫ ʤʝʫ́ ʬʘʟʘʤʘ, ʢʦʿʘ ʤʦʞʝ ʜʘ ʩʝ ʦʜʨʝʜʠ ʩʣʝʜʝ˂ʦʤ 

ʿʝʜʥʘʯʠʥʦʤ: 

ὖ ὧέί    (3-7) 

3.1.2.4 ˿͎ͨͪ͊ ͙ ˥͙ͪ ͔͙ͣͭͪ͊͟ 

ʉʧʨʘʛ ʠ ɻʠʨ (Sprague and Geer) ʤʝʪʨʠʢʘ [38] ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʦʨʝʹʝˁʫ ʩʠʛʥʘʣʘ 

ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ 

ʢʦʨʠʩʪʝ˂ʠ: 

- ʆʜʩʪʫʧʘˁʘ (ʨʘʟʣʠʢʫ) ʘʤʧʣʠʪʫʜʘ 

- ʆʜʩʪʫʧʘˁʘ (ʨʘʟʣʠʢʫ) ʬʘʟʘ 

- ʈʘʟʫʤˀʠʚʠ ʬʘʢʪʦʨ ʦʜʩʪʫʧʘˁʘ (Comprehensive Error Factor) 

ʋ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʥʝʢʦʣʠʢʦ ʚʘʨʠʿʘʥʪʠ ʦʚʝ ʤʝʪʨʠʢʝ [38, 39, 40], ʘ ʫ ʜʘˀʝʤ 

ʪʝʢʩʪʫ ˂ʝ ʙʠʪʠ ʧʨʠʢʘʟʘʥʘ ʩʘʤʦ ʥʘʿʥʦʚʠʿʘ ʚʝʨʟʠʿʘ ʉʧʨʘʛ ʠ ɻʠʨ ʚʘʣʠʜʘʮʠʦʥʝ ʤʝʪʨʠʢʝ 

[41]. 

ʇʨʝʤʘ ʦʚʦʤ ʤʝʪʨʠʮʠ ʩʝ ʦʜʩʪʫʧʘˁʘ ʤʝʹʫ ʘʤʧʣʠʪʫʜʘʤʘ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ ʤʦʛʫ 

ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὓ ρ   (3-8) 

ʢʦʠʿ ʥʠʿʝ ʦʩʝʪˀʠʚ ʥʘ ʨʘʟʣʠʢʫ ʬʘʟʘ ʜʚʘ ʩʠʛʥʘʣʘ, ʠ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʧʦʨʝʹʝˁʫ 

ʧʦʚʨʰʠʥʘ ʠʩʧʦʜ ʢʚʘʜʨʠʨʘʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʤʝʨʝˁʝʤ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ. ʏʣʘʥ ñ-1ò ʦʤʦʛʫ˂ʫʿʝ ʜʘ ʨʘʟʣʠʢʘ 

ʫ ʘʤʧʣʠʪʫʜʘʤʘ ʙʫʜʝ ʿʝʜʥʘʢʘ ʥʫʣʠ ʫ ʩʣʫʯʘʿʫ ʜʘ ʩʫ ʧʦʩʤʘʪʨʘʥʝ ʧʦʚʨʰʠʥʝ ʿʝʜʥʘʢʝ.  

ʈʘʟʣʠʢʘ ʤʝʹʫ ʬʘʟʘʤʘ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 
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ὖ ὧέί    (3-9) 

ʢʦʠʿ ʿʝ, ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʝʦʩʝʪˀʠʚ ʥʘ ʨʘʟʣʠʢʫ ʤʝʫ́ ʘʤʧʣʠʪʫʜʘʤʘ.  

ʈʘʟʫʤˀʠʚʠ ʬʘʢʪʦʨ ʦʜʩʪʫʧʘˁʘ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʢʘʦ: 

ὅ ὓ ὖ    (3-10) 

ʀʜʝʿʘ ʉʧʨʘʛ ʠ ɻʠʨ ʤʝʪʨʠʢʝ ʿʝ ʧʦʢʫʰʘ ʿʜʘ ʩʝ ʦʮʝʥʘ ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ ʩʚʝʜʝ ʥʘ ʿʝʜʘʥ 

ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʿʠ ˂ʝ ʫ ʩʝʙʠ ʩʘʜʨʞʘʪʠ ʦʮʝʥʫ ʦʜʩʪʫʧʘˁʘ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʜʚʘ 

ʩʠʛʥʘʣʘ.  

ʇʨʝʜʥʦʩʪ ʉʧʨʘʛ ʠ ɻʠʨ ʤʝʪʨʠʢʝ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʩʣʠʯʥʦʩʪ ʧʦʩʤʘʪʨʘʥʠʭ 

ʩʠʛʥʘʣʘ ʧʨʦʮʝˁʫʿʝ ʿʝʜʥʠʤ ʿʝʜʠʥʩʪʚʝʥʠʤ ʙʨʦʿʝʤ-ʬʘʢʪʦʨʦʤ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʠ 

ʦʮʝʥʫ ʥʝʢʦʣʠʢʦ ʧʦʿʝʜʠʥʘʯʥʠʭ ʬʘʢʪʦʨʘ. 

ʋ ʣʠʪʝʨʘʪʫʨʠ [42] ʩʝ ʧʨʝʜʣʘʞʝ ʜʘ ʛʨʘʥʠʯʥʘ ʚʨʝʜʥʦʩʪ ʧʨʠʢʘʟʘʥʠʭ ʬʘʢʪʦʨʘ, ʢʘʢʦ ʢʦʜ 

ʈʘʩʝʣʦʚʝ ʤʝʪʨʠʢʝ ʪʘʢʦ ʠ ʢʦʜ ʉʧʨʘʛ ʠ ɻʠʨ ʤʝʪʨʠʢʝ, ʙʫʜʝ ʚʨʝʜʥʦʩʪ 0,2, ʦʜʥʦʩʥʦ ʜʘ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʠʭ ʬʘʢʪʦʨʘ ʤʘʝˁ ʦʜ ʛʨʘʥʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʥʘʯʝ ʜʘ ʧʦʩʪʦʿʠ 

ʧʨʦʠʭʚʘʪˀʠʚʘ ʩʘʛʣʘʩʥʦʩʪ ʠʟʤʝʹʫ ʤʦʜʝʣʘ ʠ ʧʦʥʘʰʘˁʘ ʬʠʟʠʯʢʦʛ ʦʙʿʝʢʪʘ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʜʦʤʝʥʫ.    

ʅʝʜʦʩʪʘʪʘʢ ʧʨʝʪʭʦʜʥʝ ʜʚʝ ʤʝʪʨʠʢʝ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʜʘ ʥʠʩʫ ʩʠʤʝʪʨʠʯʥʝ, ʧʘ ʪʘʢʦ 

ʨʝʟʫʣʪʘʪʠ ʧʦʨʝʹʝˁʘ ʜʚʘ ʩʠʛʥʘʣʘ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʠʟʙʦʨʘ ʨʝʬʝʨʝʥʪʥʦʛ 

ʩʠʛʥʘʣʘ. ʇʦʨʝʜ ʪʦʛʘ, ʬʘʢʪʦʨʠ ʢʦʿʠ ʦʧʠʩʫʿʫ ʨʘʟʣʠʢʝ ʤʝʹʫ ʘʤʧʣʠʪʫʜʘ ʠ ʤʝʹʫ ʬʘʟʘʤʘ 

ʩʠʛʥʘʣʘ ʥʠʩʫ ʫ ʧʦʪʧʫʥʦʩʪʠ ʠʟʦʣʦʚʘʥʠ-ʥʝʟʘʚʠʩʥʠ. 

3.1.2.5 9!w¢I ͔͙ͣͭͪ͊͟ 

ʋ ʮʠˀʫ ʜʘ ʠʟʜʚʦʿʠ ʫʪʠʮʘʿʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʚʝʣʠʯʠʥʘ, Sarin ʠ ʩʘʨʘʜʥʠʮʠ [43] ʩʫ 

ʬʦʨʤʠʨʘʣʠ EARTH  ʚʘʣʠʜʘʮʠʦʥʫ ʤʝʪʨʠʢʫ, ʢʦʿʘ ʧʨʠʣʠʢʦʤ ʧʦʨʝʹʝˁʘ ʜʚʘ ʩʠʛʥʘʣʘ 

ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʪʨʠ ʬʘʢʪʦʨʘ ʠ ʪʦ: 

¶ ʌʘʢʪʦʨ ʨʘʟʣʠʢʝ ʘʤʧʣʠʪʫʜʘ 

¶ ʌʘʢʪʦʨ ʨʘʟʣʠʢʝ ʬʘʟʘ 

¶ ʊʦʧʦʣʦʛʠʿʫ ï ʦʙʣʠʢ, ʦʜʥʦʩʥʦ ʥʘʛʠʙ, ʢʨʠʚʝ 

ʇʨʠ ʦʜʨʝʹʠʚʘˁʫ ʨʘʟʣʠʢʝ ʘʤʧʣʠʪʫʜʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʧʨʚʦ ʿʝ ʧʦʪʨʝʙʥʦ 

ʫʤʘˁʠʪʠ ʥʝʩʣʘʛʘˁʘ ʠʟʤʝ˂ʫ ʩʠʛʥʘʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʢʦʨʠʩʪʝ˂ʠ Dynamic Time 

Warping (DTW) [44] ʘʣʛʦʨʠʪʘʤ, ʥʘʢʦʥ ʯʝʛʘ ʩʝ ʬʘʢʪʦʨ ʥʝʩʣʘʛʘˁʘ ʠʟʨʘʞʘʚʘ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὁὶὶέὶ   , (3-11) 
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ʧʨʠ ʯʝʤʫ P ʠ S ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʨʝʩʧʝʢʪʠʚʥʦ,  ʜʦʢ ὖ  ʠ Ὓ  ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʠʛʥʘʣʝ ʥʘʢʦʥ 

ʧʨʠʤʝˁʝʥʦʛ ʘʣʛʦʨʠʪʤʘ DTW. 

ʆʮʝʥʫ ʨʘʟʣʠʢʝ ʬʘʟʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʠʛʥʘʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ, ʧʨʝʤʘ ʦʚʦʿ 

ʤʝʪʨʠʮʠ ʩʝ ʫʪʚʨʹʫʿʝ ʥʘ ʙʘʟʠ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ, ʢʦʿʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘʢʦʥ 

ʧʦʤʝʨʘˁʘ ʩʠʛʥʘʣʘ ʫ ʧʨʘʚʮʫ ʚʨʝʤʝʥʩʢʝ ʦʩʝ ʨʘʜʠ ʧʦʩʪʠʟʘˁʘ ʚʝ˂ʝʛ ʩʪʝʧʝʥʘ ʩʣʘʛʘˁʘ, 

ʘ ʢʦʿʘ ʩʝ ʤʦʞʝ ʧʨʠʢʘʟʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὁὶὶέὶ Ὡ
ᶻ

 (3-12)   

ʛʜʝ ʩʝ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ c ʠ r ʦʧʠʩʫʿʝ ʧʦʯʝʪʥʘ ʪʘʯʢʘ ʨʘʩʪʘ ʠ ʩʪʦʧʘ ʨʘʩʪʘ ʬʫʥʢʮʠʿʝ, ʘ 

ʧʘʨʘʤʝʪʘʨ  Îz ʦʧʠʩʫʿʝ ʠʟʥʦʩ ʟʘ ʢʦʿʠ ʿʝ ʠʟʚʨʰʝʥʦ ʧʦʤʝʨʘˁʝ ʿʝʜʥʦʛ ʩʠʛʥʘʣʘ ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʨʫʛʠ ʨʘʜʠ ʧʦʩʪʠʟʘˁʘ ʚʝ˂ʝʛ ʩʪʝʧʝʥʘ ʩʣʘʛʘˁʘ.  

ʋ ʦʜʥʦʩʫ ʥʘ ʧʨʝʪʭʦʜʥʫ ʤʝʪʨʠʢʫ, ʜʦʜʘʪʥʠ ʬʘʢʪʦʨ ʢʦʿʠ ʩʝ ʫʚʦʜʠ ʫ EARTH  ʤʝʪʨʠʮʠ 

ʟʘ ʧʦʨʝʹʝˁʝ ʜʚʘ ʩʠʛʥʘʣʘ ʿʝ ʧʦʨʝʹʝˁʝ ʦʙʣʠʢʘ ʩʠʛʥʘʣʘ, ʢʦʿʝ ʩʝ ʚʨʠh ʪʘʢʦ ʰʪʦ ʩʝ 

ʦʜʨʝʜʝ ʧʨʝʩʝʯʥʝ ʪʘʯʢʝ ʩʠʛʥʘʣʘ ʩʘ ʠʟʨʘʯʫʥʘʪʦʤ ʩʨʝʜˁʦʤ ʚʨʝʜʥʦʩʪʠ, ʧʘ ʩʝ ʥʘʢʦʥ ʪʦʛʘ, 

ʫ ʩʚʘʢʦʿ ʧʨʝʩʝʯʥʦʿ ʪʘʯʢʠ, ʦʜʨʝʹʫʿʝ ʫʛʘʦ ʥʘʛʠʙʘ ʢʨʠʚʠʭ. ʆʚʦ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ 

ʢʦʨʠʩʪʝ˂ʠ ʧʨʚʠ ʠʟʚʦʜ ʬʫʥʢʮʠʿʘ, ʫʟ ʧʨʝʪʭʦʜʥʦ ʧʨʠʤʝˁʝʥ  Dynamic Time Warping 

(DTW) [44] ʘʣʛʦʨʠʪʘʤ. ʌʘʢʪʦʨ ʨʘʟʣʠʢʝ ʦʙʣʠʢʘ ʬʫʥʢʮʠʿʘ ʩʝ ʠʟʨʘʞʘʚʘ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

Ὁὶὶέὶ    (3-13) 

ʅʝʜʦʩʪʘʪʘʢ ʬʘʢʪʦʨʘ ʦʙʣʠʢʘ ʜʝʬʠʥʠʩʘʥʦʛ ʥʘ ʦʚʘʿ ʥʘʯʠʥ ʦʛʣʝʜʘ ʩʝ ʫ ʥʝʧʦʫʟʜʘʥʦʩʪʠ 

ʠʟʨʘʯʫʥʘʚʘˁʘ ʫ ʩʣʫʯʘʿʫ ʧʦʨʝʹʝˁʘ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʠʭ ʩʠʛʥʘʣʘ, ʦʜʥʦʩʥʦ ʩʠʛʥʘʣʘ 

ʢʦʿʠ ʠʤʘʿʫ ʚʝʣʠʢʠ ʙʨʦʿ ʧʨʦʤʝʥʘ ʫ ʢʨʘʪʢʦʤ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ [43]. 

ʆʩʥʦʚʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʢʦʜ ʧʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʝ ʪʨʠ ʤʝʪʨʠʢʝ ʿ ʝ ʜʘ ʩʝ ʩʠʛʥʘʣʠ ʢʦʿʝ 

ʩʝ ʧʦʨʝʜʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʠʩʪʠʤ ʙʨʦʿʝʤ ʪʘʯʘʢʘ ʫ ʧʝʨʠʦʜʫ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʦʨʝʹʝˁʝ, 

ʦʜʥʦʩʥʦ ʜʘ ʿʝ ʫʯʝʩʪʘʥʦʩʪ ʫʟʦʨʢʦʚʘˁʘ ʧʦʩʤʘʪʨʘʥʠʭ ʩʠʛʥʘʣʘ ʠʩʪʘ. ʋ ʨʝʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ʯʝʩʪʦ ʥʠʿʝ ʤʦʛʫ˂ʝ ʦʩʪʚʘʨʠʪʠ ʿʝʜʥʘʢʫ ʫʯʝʩʪʘʥʦʩʪ ʫʟʦʨʢʦʚʘˁʘ ʩʠʛʥʘʣʘ 

ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ 

ʨʝʘʣʥʦʛ ʦʙʿʝʢʪʘ. 

ʊʝʭʥʠʢʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʙʘʟʠʨʘʥʝ ʥʘ ʧʦʨʝʹʝˁʫ ʦʩʦʙʠʥʘ ʩʠʛʥʘʣʘ ʥʝ ʟʘʭʪʝʚʘʿʫ 

ʙʠʣʦ ʢʘʢʚʫ ʧʨʝʪʧʦʩʪʘʚʢʫ ʦ ʨʘʩʧʦʜʝʣʠ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ ʠ ʥʝ ʟʘʭʪʝʚʘʿʫ ʚʝʣʠʢʦ 

ʨʘʯʫʥʩʢʦ ʚʨʝʤʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʥʝʜʦʩʪʘʮʠ ʦʚʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʩʝ 

ʦʛʣʝʜʘʿʫ ʫ: 

¶ ʄʦʛʫ˂ʥʦʩʪʠ ʧʨʠʤʝʥʝ ʩʘʤʦ ʥʘ ʩʠʛʥʘʣʝ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ, 

¶ ʅʝʫʟʠʤʘˁʫ ʫ ʦʙʟʠʨ ʛʨʝʰʘʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʠ ʤʝʨʝˁʘ, 

¶ ʅʝʧʦʩʪʦʿʘˁʫ ʿʘʩʥʦ ʜʝʬʠʥʠʩʘʥʠʭ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ, 

¶ ʅʝʫʟʠʤʘˁʫ ʫ ʦʙʟʠʨ ʤʠʰˀʝˁʝ ʝʢʩʧʝʨʘʪʘ. 
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3.1.3 ˸͔͔ͭͦ͒ ͍͙͊͒͊͡ͼ͙͔͞ ͙͔͋͊ͪ͊ͤ͘ ͤ͊ ͺͯͤ͟ͼ͙͊ͣ͊͞ ͍͔͍ͪͦ͊ͭͤͦΐ͔ 

ʆʚʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʘ 

ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ (PDF) ʠ/ʠʣʠ ʠʟʤʝʹʫ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ 

(CDF).  ʂʘʦ ʠ ʢʦʜ ʧʨʝʪʭʦʜʥʠʭ, ʪʘʢʦ ʩʝ ʠ ʢʦʜ ʦʚʠʭ ʤʝʪʦʜʝ ʥʝ ʯʠʥʠ ʙʠʣʦ ʢʘʢʚʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ ʦ ʨʘʩʧʦʜʝʣʠ ʧʨʦʤʝʥˀʠʚʠʭ, ʘ ʧʦʪʨʝʙʥʦ ʨʘʯʫʥʩʢʦ ʚʨʝʤʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ  PDF/ CDF ʬʫʥʢʮʠʿʘ ʿʝ ʤʘʣʦ. 

ʋ ʧʨʦʪʝʢʣʠʭ ʧʝʜʝʩʝʪ ʛʦʜʠʥʘ ʠʩʪʨʘʞʠʚʘʯʠ ʩʫ ʨʘʟʚʠʣʠ ʚʝʣʠʢʠ ʙʨʦʿ ʤʝʪʨʠʢʘ ʟʘ 

ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʧʦʨʝʹʝˁʫ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ.  

3.1.3.1 ˴͎ͦͣͦͦ͡Ǌ͍ͦ-˿͙͍ͣͪͤͦ ͔͙ͣͭͪ͊͟ 

ʂʦʣʤʦʛʦrʦʚ-ʉʤʠʨʥʦʚ (ʂʦʣʤʦʛʦʨʦʚ, ʉʤʠʨʥʦʚ) ʤʝʪʨʠʢʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ 

ʤʝʪʨʠʢʘ ʟʘ ʧʦʨʝʹʝˁʝ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ.  ɿʘʩʥʠʚʘ ʩʝ ʥʘ ʦʜʨʝʹʠʚʘˁʫ 

ʤʘʢʩʠʤʘʣʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ, ʤʝʨʝʥʦ ʜʫʞ ʚʝʨʪʠʢʘʣʥʝ ʦʩʝ, 

ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3ï6.  

 

ʉʣʠʢʘ 3-3. ʂʦʣʤʦʨʛʦʥʦʚ-ʉʤʠʨʥʦʚʘ ʤʝʪʨʠʢʘ 

ʂʦʣʤʦʨʛʦʥʦʚ-ʉʤʠʨʥʦʚʘ ʤʝʪʨʠʢʘ ʟʘ ʜʚʝ ʢʫʤʫʣʘʪʠʚʥʝ ʬʫʥʢʮʠʿʝ F(x) ʠ K(x), ʤʦʞʝ ʩʝ 

ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ [45]: 

Ὀ άὥὼȿὊὼ ὑὼȿ   (3-14) 

ʇʨʠʢʘʟʘʥʘ ʤʝʨʘ ʠʩʧʫˁʘʚʘ ʫʩʣʦʚ ʩʠʤʝʪʨʠʯʥʦʩʪʠ, ʦʜʥʦʩʥʦ D(F,K) = D(K,F), ʰʪʦ 

ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʫ ʧʨʝʜʥʦʩʪ ʧʨʠʣʠʢʦʤ ʠʥʪʝʨʧʨʝʪʘʮʠʿʝ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

ʄʝʪʨʠʢʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʦʧʩʝʛ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʢʦʿʝ ʩʝ ʧʨʝʢʣʘʧʘʿʫ ʢʦʜ 

ʧʦʨʝʹʝʥʠʭ ʬʫʥʢʮʠʿʘ. ʅʝʜʦʩʪʘʪʘʢ ʦʚʝ ʤʝʪʨʠʢʝ ʦʛʣʝʜʘ ʩʝ ʫ ʪʦʤʝ ʰʪʦ ʩʝ ʟʘ ʧʦʨʝʹʝˁʝ 

ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʢʦʨʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʫ ʩʘʤʦ ʜʚʝ ʪʘʯʢʝ ʠ ʪʦ ʫ ʦʥʠʤʘ ʫ ʢʦʠʿʤʘ 
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ʧʦʩʪʦʿʠ ʥʘʿʚʝ˂ʝ ʦʜʩʪʫʧʘˁʝ ʠʟʤʝʹʫ ʬʫʥʢʮʠʿʘ, ʜʦʢ ʩʝ ʦʩʪʘʪʘʢ ʨʘʩʧʦʜʝʣʝ ʧʦʩʤʘʪʨʘʥʠʭ 

ʩʠʛʥʘʣʘ ʥʝ ʫʟʠʤʘ ʫ ʦʙʟʠʨ. 

3.1.3.2 ˢ͔ͤ͒ͪͫͦͤ-˨͙͎͊ͪͤ͡ ͔͙ͣͭͪ͊͟ 

ʋ ʮʠˀʫ  ʧʦʙʦˀʰʘˁʘ ʂʦʣʤʦʨʛʦʥʦʚ-ʉʤʠʨʥʦʚ ʤʝʪʨʠʢʝ, Anderson ʠ Darling [46] ʩʫ 

ʫʚʝʣʠ ʥʦʚʫ ʤʝʪʨʠʢʫ, ʢʦʿʘ ʩʝ ʠ ʜʘˀʝ ʙʘʟʠʨʘ ʥʘ ʨʘʟʣʠʮʠ ʠʟʤʝʹʫ ʢʫʤʫʣʘʪʠʚʥʠʭ 

ʬʫʥʢʮʠʿʝ ʜʚʝʿʫ ʧʦʨʝʹʝʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ, ʘʣʠ ʢʦʿʦʤ ʩʝ ʜʦʜʘʪʥʦ ʫʚʦʜʠ ʠ ʪʝʞʠʥʩʢʘ 

ʬʫʥʢʮʠʿʘ. ɸʢʦ ʜʚʝ ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ ʜʠʩʪʨʠʙʫʮʠʿʝ Ὂὼ ʠ  ὑὼȟ ʦʥʜʘ ʩʝ ʤʝʨʘ 

ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʝʬʠʥʠʰʝ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ὃὈ ὲ᷿ Ὂὼ ὑὼ ὼὨὑὼ   (3-15) 

ʛʜʝ  ὼ  ʧʨʝʜʩʪʘʚˀʘ ʪʝʞʠʥʩʢʫ ʬʫʥʢʮʠʿʫ, ʯʠʿʘ ʿʝ ʥʘʤʝʥʘ ʜʘ ʧʦʥʜʝʨʠʰʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʟʦʥʝ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ, ʘ ʢʦʿʝ ʩʫ ʦʜ ʠʥʪʝʨʝʩʘ. 

ʋ ʩʣʫʯʘʿʫ ʜʘ ʿʝ ʪʝʞʠʥʩʢʘ ʬʫʥʢʮʠʿʘ ʿʝʜʥʘʢʘ ʿʝʜʠʥʠʮʠ, ʪʘʜʘ ʩʝ ɸʥʜʝʨʩʦʥ-ɼʘʨʣʠʥʛ 

ʤʝʪʨʠʢʘ ʥʘʟʠʚʘ Kramer-von Mieses ʤʝʪʨʠʢʦʤ [47].  

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ɸʥʜʝʨʩʦʥ-ɼʘʨʣʠʥʛ ʤʝʪʨʠʢʘ ʠʤʘ ʙʦˀʫ ʦʮʝʥʫ ʧʦʨʝʹʝˁʘ ʜʚʘ ʩʠʛʥʘʣʘ 

ʥʝʛʦ ʂʦʣʤʦʨʛʦʥʦʚ-ʉʤʠʨʥʦʚ ʤʝʪʨʠʢʘ [48].   

3.1.3.3 ˴ͯ͋͊͟͡-˶͊ ͋͞͡ ͔ͪͦ ͍͊ ͙͍͔͎͔͒ͪͤͼ͙͊͞ 

ʂʫʣʙʘʢ-ʃʘʙʿʣʝʨʦʚʘ (Kullback-Leibler) ʜʠʚʝʨʛʝʥʮʠʿʘ ʿʝ ʿʦʰ ʿʝʜʥʘ ʯʝʩʪʦ ʢʦʨʠʰ˂ʝʥʘ 

ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ, ʢʦʿʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ  ʜʠʩʢʨʝʪʥʠʭ 

ʬʫʥʢʮʠʿʘ  ʚʝʨʦʚʘʪʥʦ˂ʝ (probability mass function - pmf), ʘ ʤʦʞʝ ʜʝʬʠʥʠʰʝ ʩʝ ʥʘ 

ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

Ὀ ВὴᾀὰέὫ    (3-16) 

ʇʨʠ ʯʝʤʫ ʩʫ ὴᾀ ʠ ήᾀ ʜʠʩʢʨʝʪʥʝ ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʜʦʢ ʿʝ  ᾀ ʚʝʣʠʯʠʥʘ ʢʦʿʘ 

ʫʟʠʤʘ ʚʨʝʜʥʦʩʪʠ ʫ ʜʠʿʘʧʘʟʦʥʫ ʫ ʢʦʤʝ ʩʝ ʜʚʝ ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʢʣʘʧʘʿʫ. ʋ 

ʿʝʜʥʘʯʠʥʠ 3-15 ʩʘ  ὴᾀ  ʩʫ ʦʧʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʠʩʧʠʪʠʚʘˁʝʤ, ʘ ʩʘ ήᾀ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʩʠʤʫʣʘʮʠʿʦʤ. ʂʫʣʙʘʢ-

ʃʘʿʙʣʝʨʦʚʘ ʜʠʚʝʨʛʝʥʮʠʿʘ ʩʝ, ʥʘʿʯʝʰ˂ʝ, ʢʦʨʠʩʪʠ ʫ ʪʝʦʨʠʿʠ ʠʥʬʦʨʤʘʮʠʿʘ, ʛʜʝ ʩʝ 

ʪʫʤʘʯʠ ʢʘʦ ʦʯʝʢʠʚʘʥʘ ʜʦʜʘʪʥʘ ʧʦʨʫʢʘ ʧʦ ʧʦʜʘʪʢʫ ʢʦʿʠ ʩʝ ʤʦʨʘ ʧʨʝʥʝʪʠ, ʘ ʢʦʿʘ ʩʣʫʞʠ 

ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʦʜʨʝʹʝʥʫ ʚʨʝʜʥʦʩʪ Z, ʢʦʿʘ ʩʝ ʤʦʞʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʫ ʟʘʿʝʜʥʠʯʢʦʤ 

ʦʧʩʝʛʫ ʧʨʦʤʝʥˀʠʚʠʭ  X ʠ Y [48]. 

3.1.3.4 ˤ͙͊͒͊͡ͼ͙ͦͤ ͊ͣ ͔͙ͭͪ͊͟ ͙͋͊ͪ͊ͤ͊͘ ͤ͊ ͍ͨͦͪ΄͙ͤ͊ͣ͊ 

Ferson ʠ Oberkampf ʫ ʩʚʦʿʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ [48] ʢʘʦ ʤʝʨʫ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʜʚʝ 

ʬʫʥʢʮʠʿʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫʚʦʜʝ ʧʦʚʨʰʠʥʫ ʢʦʿʘ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʛʨʘʬʠʢʦʥʠʤʘ ʬʫʥʢʮʠʿʘ 

ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-7 [49]. ʋ ʩʣʫʯʘʿʫ ʢʦʥʪʠʥʫʘʣʥʠʭ 

ʩʠʛʥʘʣʘ, ʨʘʟʣʠʢʘ ʧʦʚʨʰʠʥʘ ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʩʪʝ˂ʠ ʩʣʝʜʝ˂ʫ ʿʝʜʥʘʢʦʩʪ: 
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ὈὊȟὛ ᷿ ȿὊὼ Ὓ ὼȿὨὼ   (3-17) 

ʇʨʠ ʯʝʤʫ ʿʝ ʩʘ Ὂὼ  ʦʟʥʘʯʝʥʘ ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʦʤʝʥˀʠʚʝ ʜʦʙʠʿʝʥʝ 

ʩʠʤʫʣʘʮʠʿʦʤ, ʘ ʩʘ Ὓ ὼ  ʬʫʥʢʮʠʿʘ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʦʤʝʥˀʠʚʝ ʜʦʙʠʿʝʥʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ. 

 

ʉʣʠʢʘ 3-4. ʌʝʨʩʦʥ-ʆʙʝʨʢʘʤʧʬ ʚʘʣʠʜʘʮʠʦʥʘ ʤʝʪʨʠʢʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʦʨʝʹʝˁʫ ʧʦʚʨʰʠʥʘ 

ʄʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʟʘʩʥʦʚʘʥʝ ʥʘ ʧʦʨʝʹʝˁʫ ʬʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʥʝ ʯʠʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʫ ʚʝʟʠ ʨʘʩʧʦʜʝʣʝ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ. ʇʨʠʤʝʥʘ ʦʚʠʭ 

ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʿʝ ʦʛʨʘʥʠʯʝʥʘ ʩʘʤʦ ʥʘ ʩʢʘʣʘʨʥʝ ʚʨʝʜʥʦʩʪʠ, ʠ ʦʥʠ ʩʝ ʥʝ ʤʦʛʫ  

ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʦʨʝʹʝˁʝ ʚʠʰʝ ʦʜ ʜʚʘ ʩʠʛʥʘʣʘ. ʀ ʢʦʜ ʦʚʠʭ ʤʝʪʦʜʘ ʿʝ ʫ ʠʟʚʝʩʥʦʿ ʤʝʨʠ 

ʧʨʠʩʫʪʥʘ ʩʫʙʿʝʢʪʠʚʥʦʩʪ ʢʦʿʘ ʩʝ ʦʛʣʝʜʘ ʫ ʠʟʙʦʨʫ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʧʨʠʭʚʘʪʘˁʝ ʚʘˀʘʥʦʩʪʠ ʤʦʜʝʣʘ. ʄʠʰˀʝˁʘ ʝʢʩʧʝʨʘʪʘ ʩʝ ʤʦʛʫ ʫʢˀʫʯʠʪʠ ʫ ʦʚʝ 

ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʢʨʦʟ ʠʟʙʦʨ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ. ʈʘʯʫʥʩʢʦ ʚʨʝʤʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʨʘʟʣʠʢʝ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ ʿʝ ʚʝ˂ʝ ʦʜ ʧʨʝʪʭʦʜʥʦ ʧʨʠʢʘʟʘʥʠʭ ʤʝʪʦʜʘ, ʘʣʠ ʿʝ ʿʦʰ ʫʚʝʢ 

ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ.  

3.1.4 ˸͔͔ͭͦ͒ ͍͙͊͒͊͡ͼ͙͔͞ ͔ͣͦ͒͊͡ ͙͔͋͊ͪ͊ͤ͘ ͤ͊ ͔͙ͭͫͭͪ͊ͥͯ ͻ͙͔ͨͦͭ͊͘ 

ʄʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ ʙʘʟʠʨʘʥʝ ʥʘ ʪʝʩʪʠʨʘˁʫ ʭʠʧʦʪʝʟʘ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʧʦʨʝʹʝˁʫ 

ʭʠʧʦʪʝʟʘ ʦʮʝʥʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʝʣʠʯʠʥʘ ʧʦʨʝʹʝʥʠʭ ʩʠʛʥʘʣʘ [50, 51, 52]. ʍʠʧʦʪʝʟʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʝ ʪʚʨʜˁʝ ʢʦʠʿʤʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʧʦʟʥʘʚʘˁʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʿʝʜʥʦʛ ʩʢʫʧʘ ʜʦʥʦʩʠ ʟʘʢˀʫʯʘʢ ʦ ʜʨʫʛʦʤ ʩʢʫʧʫ. ʊʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʘ 

ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʜʝʬʠʥʠʩʘˁʫ ʜʚʝ ʤʝʹʫʩʦʙʥʦ ʠʩʢˀʫʯʠʚʝ ʭʠʧʦʪʝʟʝ ʢʦʿʝ ʩʝ ʥʘʟʠʚʘʿʫ 

ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ (H0) ʠ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ (H1). 

ɸʢʦ ʩʝ ʧʦʨʝʜʝ ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʜʚʘ ʩʢʫʧʘ, ʥʫʣʪʘ ʠ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ ʩʝ 

ʤʦʛʫ ʜʝʬʠʥʠʩʘʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ʅʫʣʪʘ ʭʠʧʦʪʝʟʘ (H0): ʀʟʤʝʹʫ ʘʨʠʪʤʝʪʠʯʢʠʭ ʩʨʝʜʠʥʘ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʢʫʧʘ, ʦʜʥʦʩʥʦ 

ʠʟʤʝʹʫ ʘʨʠʪʤʝʪʠʯʢʠʭ ʩʨʝʜʠʥʘ ʜʚʘ ʫʟʦʨʢʘ ʜʦʙʠʿʝʥʘ ʠʟ ʜʚʘ ʧʦʨʝʹʝʥʘ ʩʢʫʧʘ, ʥʝ 
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ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ. ɸʢʦ ʨʘʟʣʠʢʘ ʠ ʧʦʩʪʦʿʠ, ʦʥʘ ʿʝ ʩʣʫʯʘʿʥʦʛ ʢʘʨʘʢʪʝʨʘ, 

ʦʜʥʦʩʥʦ, ʥʘʩʪʘʣʘ ʿʝ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʣʫʯʘʿʥʠʭ ʬʘʢʪʦʨʘ.  

ʅʫʣʪʘ ʭʠʧʦʪʝʟʘ ʤʘʪʝʤʘʪʠʯʢʠ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʢʦʩʪʠ: 

Ὄȡ  ὼӶ  ὼӶȟ   ̏̅̎̏̒̎̏ ὼӶ ὼӶ π (3-18) 

ɸʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ (H1) ʧʨʝʜʩʪʘʚˀʘ ʩʫʧʨʦʪʥʫ ʪʚʨʜˁʫ ʥʫʣʪʦʿ ʭʠʧʦʪʝʟʠ: 

ʀʟʤʝʹʫ ʘʨʠʪʤʝʪʠʯʢʠʭ ʩʨʝʜʠʥʘ ʫʟʦʨʘʢʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʠ ʦʥʘ ʥʠʿʝ 

ʩʣʫʯʘʿʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʚʝ˂ ʿʝ ʥʘʩʪʘʣʘ ʧʦʜ ʜʝʿʩʪʚʦʤ ʩʠʩʪʝʤʩʢʠʭ ʠʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʬʘʢʪʦʨʘ. 

ʋ ʤʘʪʝʤʘʪʠʯʢʦʤ ʦʙʣʠʢʫ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ ʤʦʞʝ  ʩʝ ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ 

ʥʘʯʠʥ: 

Ὄȡ  ὼӶ  ὼӶȟ   ̏̅̎̏̒̎̏ ὼӶ ὼӶ π  (3-19) 

ʇʨʠʭʚʘʪʘˁʝ ʧʦʩʪʘʚˀʝʥʝ ʥʫʣʪʝ ʠʣʠ ʘʣʪʝʨʥʘʪʠʚʥʝ ʭʠʧʦʪʝʟʝ ʩʝ ʚʨʰʠ ʥʘ ʦʩʥʦʚʫ 

ʠʟʘʙʨʘʥʠʭ ʧʨʘʛʦʚʘ ʟʥʘʯʘʿʥʦʩʪʠ.  ɸʢʦ ʩʝ ʦʜʘʙʨʘʥʠʤ ʩʪʘʪʠʩʪʠʯʢʠʤ ʪʝʩʪʦʤ ʟʘ 

ʠʟʘʙʨʘʥʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʠ ʧʨʘʛ ʟʥʘʯʘʿʥʦʩʪʠ ʧʦʢʘʞʝ ʠʩʪʠʥʠʪʦʩʪ ʥʫʣʪʝ ʭʠʧʦʪʝʟʝ, ʦʥʜʘ 

ʩʝ ʦʥʘ ʧʨʠʭʚʘʪʘ ʠ ʦʜʙʘʮʫʿʝ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ, ʠ ʟʘʢˀʫʯʫʿʝ ʩʝ: ʧʨʝʪʧʦʩʪʘʚʢʘ 

ʠʩʪʨʘʞʠʚʘʯʘ, ʠʩʢʘʟʘʥʘ ʥʫʣʪʦʤ ʭʠʧʦʪʝʟʦʤ, ʿʝ ʪʘʯʥʘ, ʿʝʨ ʜʦʙʠʿʝʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʨʝʘʣʠʟʦʚʘʥʝ (ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʧʦʩʣʝ ʠʩʪʨʘʞʠʚʘˁʘ ʠʣʠ ʧʦʩʣʝ ʝʢʩʧʝʨʠʤʝʥʪʘ) ʠ 

ʭʠʧʦʪʝʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ ʩʢʫʧʘ ʥʠʿʝ  ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ 

(ʩʠʛʥʠʬʠʢʘʥʪʥʘ). ʈʘʟʣʠʢʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʩʣʫʯʘʿʥʦʛ ʢʘʨʘʢʪʝʨʘ, ʠ ʥʘʩʪʘʣʘ ʿʝ ʜʝʿʩʪʚʦʤ 

ʩʧʦʨʝʜʥʠʭ ʬʘʢʪʦʨʘ. 

ʉʫʧʨʦʪʥʦ ʪʦʤʝ, ʘʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪ ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʚʝʨʦʚʘʪʥʦ˂ʫ ʠ ʧʨʘʛ 

ʟʥʘʯʘʿʥʦʩʪʠ, ʥʝ ʧʦʪʚʨʜʠ ʠʩʪʠʥʠʪʦʩʪ ʥʫʣʪʝ ʭʠʧʦʪʝʟʝ,  ʦʥʜʘ ʩʝ ʦʥʘ ʦʜʙʘʮʫʿʝ ʠ 

ʘʫʪʦʤʘʪʩʢʠ  ʧʨʠʭʚʘʪʘ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʫ ʢʘʦ ʠʩʪʠʥʠʪʘ. 

ʇʨʠʣʠʢʦʤ ʪʝʩʪʠʨʘˁʘ ʭʠʧʦʪʝʟʘ ʤʦʛʫ ʜʘ ʩʝ ʥʘʧʨʘʚʝ ʜʚʘ ʪʠʧʘ ʛʨʝʰʘʢʘ [53]: 

ɻʨʝʰʢʘ ʧʨʚʝ ʚʨʩʪʝ ï ʪʠʧʘ I, ʢʦʿʘ ʩʝ ʦʟʥʘʯʘʚʘ ʩʘ Ŭ, ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʜʘ ʦʜʙʘʮʫʿʝʤʦ 

ʠʩʪʠʥʠʪʫ ʥʫʣʪʫ ʭʠʧʦʪʝʟʫ.  ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʛʨʝʰʢʘ ʧʨʚʝ ʚʨʩʪʝ ʦʜʨʝʹʝʥʘ 

ʿʝ ʩʘ ʧʨʘʛʦʚʠʤʘ ʟʥʘʯʘʿʥʦʩʪʠ ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʦʟʥʘʯʘʚʘʿʫ ʩʘ p. 

ɻʨʝʰʢʘ ʜʨʫʛʝ ʚʨʩʪʝ ï ʪʠʧʘ II (ɓ - ʛʨʝʰʢʘ), ʢʦʿʘ ʥʘʩʪʘʿʝ ʢʘʜʘ ʧʨʠʭʚʘʪʘʤʦ (ʥʝ 

ʦʜʙʘʮʫʿʝʤʦ) ʥʝʠʩʪʠʥʠʪʫ ʥʫʣʪʫ ʭʠʧʦʪʝʟʫ. 

ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʥʝ˂ʝ ʥʘʧʨʘʚʠʪʠ ʛʨʝʰʢʘ ʜʨʫʛʝ ʚʨʩʪʝ ʦʜʨʝʹʫʿʝ ʩʥʘʛʫ (power) ʪʝʩʪʘ. 

ʉʥʘʛʘ ʪʝʩʪʘ () ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʘ ʩʝ ʦʜʙʘʮʠ ʥʝʪʘʯʥʘ ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ, ʠ ʿʝʜʥʘʢʘ ʿʝ 

ʨʘʟʣʠʮʠ ʠʟʤʝʹʫ 1 ʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʛʨʝʰʢʝ ʜʨʫʛʝ ʚʨʩʪʝ. 

 ρ    (3-20) 
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ʉʥʘʛʘ ʪʝʩʪʘ ʨʘʩʪʝ ʩʘ ʚʝʣʠʯʠʥʦʤ ʫʟʦʨʘʢʘ ʢʦʿʠʤ ʩʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʢʫʧʦʚʠ ʢʦʿʠ ʩʝ 

ʧʦʨʝʜʝ  ʠ ʩʘ ʚʝʣʠʯʠʥʦʤ ʨʘʟʣʠʢʝ ʢʦʿʫ ʩʤʘʪʨʘʤʦ ʩʪʚʘʨʥʦ ʟʥʘʯʘʿʥʦʤ, ʘ ʦʧʘʜʘ ʩʘ ʥʠʚʦʦʤ 

ʟʥʘʯʘʿʥʦʩʪʠ. ʐʪʦ ʿʝ ʩʥʘʛʘ ʪʝʩʪʘ ʚʝ˂ʘ, ʪʝʩʪ ʿʝ ʙʦˀʠ. 

ʊʝʩʪʦʚʠ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘʿʫ ʥʘ ʧʨʠʭʚʘʪʘˁʫ ʠʣʠ ʦʜʙʘʮʠʚʘˁʫ ʥʫʣʪʝ ʭʠʧʦʪʝʟʝ ʤʦʛʫ ʜʘ ʩʝ 

ʧʦʜʝʣʝ ʫ ʜʚʝ ʦʩʥʦʚʥʝ ʛʨʫʧʝ:  

¶ ʇʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪʦʚʠ 

¶ ʅʝʧʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪʦʚʠ 

ʇʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪʦʚʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʢʘʜʘ ʩʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ ʥʫʤʝʨʠʯʢʝ, 

ʢʘʜʘ ʧʦʜʘʮʠ ʢʦʿʠ ʩʝ ʠʩʧʠʪʫʿʫ ʥʝ ʦʜʩʪʫʧʘʿʫ ʟʥʘʯʘʿʥʦ ʦʜ ʥʦʨʤʘʣʥʝ ʨʘʩʧʦʜʝʣʝ, ʢʘʦ ʠ 

ʟʘ ʚʝʣʠʢʠ ʙʨʦʿ ʫʟʦʨʘʢʘ (ʙʨʦʿ ʫʟʦʨʘʢʘ ʚʝ˂ʠ ʦʜ 30) ʙʝʟ ʦʙʟʠʨʘ ʢʘʢʚʘ ʿʝ ˁʠʭʦʚʘ 

ʨʘʩʧʦʜʝʣʘ. ʅʘʿʧʦʟʥʘʪʠʿʠ, ʠ ʧʨʘʢʪʠʯʥʦ ʥʘʿʧʨʠʤʝˁʠʚʘʥʠʿʠ, ʪʝʩʪʦʚʠ ʦʚʝ ʛʨʫʧʝ ʩʫ z-

ʪʝʩʪ ʠ t-ʪʝʩʪ.  

ʆʩʥʦʚʥʠ ʫʩʣʦʚʠ ʟʘ ʧʨʠʤʝʥʫ z-ʪʝʩʪʘ ʩʫ ʜʘ ʿʝ ʧʦʟʥʘʪʘ ʚʘʨʠʿʘʥʩʘ ʩʢʫʧʦʚʘ ʢʦʿʠ ʩʝ 

ʧʦʨʝʜʝ ʠ ʜʘ, ʟʘ ʩʢʫʧʦʚʝ ʩʘ ʤʘˁʝ ʦʜ 30 ʫʟʦʨʘʢʘ, ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ ʥʦʨʤʘʣʥʫ 

ʨʘʩʧʦʜʝʣʫ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, t-ʪʝʩʪ ʥʝ ʟʘʭʪʝʚʘ ʧʦʟʥʘʚʘˁʝ ʚʘʨʠʿʘʥʩʝ ʩʢʫʧʦʚʘ ʢʦʿʠ ʩʝ 

ʧʦʨʝʜʝ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʠʤʝʥʠ ʢʘʢʦ ʢʦʜ ʩʢʫʧʦʚʘ ʩʘ ʤʘʣʠʤ, ʪʘʢʦ ʠ ʢʦʜ ʩʢʫʧʦʚʘ ʩʘ 

ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʫʟʦʨʘʢʘ. ʋ ʧʨʘʢʩʠ ʩʝ, ʟʙʦʛ ʤʦʛʫ˂ʥʦʩʪʠ ʧʨʦʚʝʨʝ ʧʨʦʤʝʥˀʠʚʠʭ ʩʘ 

ʤʘˁʝ ʦʜ 30 ʫʟʦʨʘʢʘ ʠ ʟʘʪʦ ʰʪʦ ʥʝ ʟʘʭʪʝʚʘ ʫʥʘʧʨʝʜ ʧʦʟʥʘʚʘˁʝ ʚʘʨʠʿʘʥʩʠ 

ʧʨʦʤʝʥˀʠʚʠʭ, ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʫʿʝ t-ʪʝʩʪ. 

ʅʝʧʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪʦʚʠ ʩʝ ʧʨʠʤʝˁʫʿʫ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʢʫʧʦʚʘ 

ʢʦʿʠ ʩʝ ʧʦʨʝʜʝ ʜʘʪʝ ʦʧʠʩʥʦ, ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʩʝ ʧʦʨʝʜʝ ʩʢʫʧʦʚʠ ʩʘ ʤʘʣʠʤ ʙʨʦʿʝʤ 

ʫʟʦʨʘʢʘ ʢʦʿʠ ʩʫ ʥʝʩʠʤʝʪʨʠʯʥʦ ʨʘʩʧʦʨʝʹʝʥʠ. ʆʜ ʥʝʧʘʨʘʤʝʪʘʨʩʢʠʭ ʪʝʩʪʦʚʘ ʥʘʿʯʝʰ˂ʝ 

ʫ ʫʧʦʪʨʝʙʠ ʩʫ: ɢ2 ʪʝʩʪ, ʌʠʰʝʨʦʚ ʪʝʩʪ, ʄʝʢ ʅʝʤʘʨʠʥ ʪʝʩʪ, ʠʪʜ.  

3.1.4.1 ˿͔͍ͭͯ͒ͤͭͦ ǘ-͔ͭͫͭ 

ʇʘʨʘʤʝʪʘʨʩʢʠ ʪʝʩʪ ʟʘ ʧʦʨʝʹʝˁʝ ʭʠʧʦʪʝʟʘ, ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʘʚʘ ʟʘ 

ʧʦʨʝʹʝˁʝ ʘʨʠʪʤʝʪʠʯʢʠʭ ʩʨʝʜʠʥʘ ʜʚʘ ʧʦʩʤʘʪʨʘʥʘ ʩʢʫʧʘ ʿʝ t-ʪʝʩʪ, ʢʦʿʠ ʿʝ ʿ ʦʰ ʧʦʟʥʘʪ 

ʠ ʢʘʦ ʉʪʫʜʝʥʪʦʚ tïʪʝʩʪ [51]. ʆʩʥʦʚʥʝ ʧʨʝʪʧʦʩʪʘʚʢʝ ʟʘ ʧʨʠʤʝʥʫ t-ʪʝʩʪʘ ʩʫ: 

¶ ʇʨʦʤʝʥˀʠʚʝ ʢʦʿʝ ʩʝ ʪʝʩʪʠʨʘʿʫ ʤʦʨʘʿʫ ʙʠʪʠ ʥʫʤʝʨʠʯʢʝ, 

¶ ʋʢʦʣʠʢʦ ʿʝ ʙʨʦʿ ʫʟʦʨʘʢʘ ʤʘˁʠ ʦʜ 30, ʧʨʝʪʧʦʩʪʘʚˀʘ ʩʝ ʜʘ ʧʨʦʤʝʥˀʠʚʝ ʠʤʘʿʫ 

ʥʦʨʤʘʣʥʫ ʜʠʩʪʨʠʙʫʮʠʿʫ 

ɿʘ ʨʝʘʣʠʟʘʮʠʿʫ ʦʚʦʛ ʪʝʩʪʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʩʝ ʧʦʟʥʘʿʫ ʙʨʦʿ ʫʟʦʨʘʢʘ ʧʦʩʤʘʪʨʘʥʠʭ 

ʩʢʫʧʦʚʘ n, ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ sd, ʦʜʥʦʩʥʦ ʩʪʘʥʜʘʨʜʥʘ ʛʨʝʰʢʘ ʦʮʝʥʝ sg ʠ 

ʘʨʠʪʤʝʪʠʯʢʝ ʩʨʝʜʠʥʝ ʧʦʩʤʘʪʨʘʥʠʭ ʩʢʫʧʦʚʘ ὢȟὢ.  

ʇʨʝʪʧʦʩʪʘʚʠʤʦ ʜʘ ʠʤʘʤʦ ʜʚʘ ʚʝʣʠʢʘ ʠ ʥʝʟʘʚʠʩʥʘ ʩʢʫʧʘ (X1) ʠ (X2) ʦʙʠʤʘ n1 ʠ n2 

ʨʝʩʧʝʢʪʠʚʥʦ. ʆʜʛʦʚʘʨʘʿʫ˂ʘ ʩʪʘʪʠʩʪʠʢʘ ʟʘ ʧʦʨʝʹʝˁʝ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ ʜʚʝ 

ʥʝʟʘʚʠʩʥʝ ʧʨʦʤʝʥˀʠʚʝ ʤʦʞʝ ʩʝ  ʠʟʚʨʰʠʪʠ ʧʨʠʤʝʥʦʤ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 
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   (3-21)  

 ʧʨʠ ʯʝʤʫ ʿʝ ʩʘ sdʦʟʥʘʯʝʥʘ ʿʝ ʩʪʘʥʜʘʨʜʥʘ ʜʝʚʠʿʘʮʠʿʘ. 

ʊʘʙʝʣʘ 3-1. ʂʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ ʉʪʫʜʝʥʪʦʚʫ t-ʨʘʩʧʦʜʝʣʫ ʩʘ n ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ 

n 

ɺʨʝʜʥʦʩʪʠ ʟʘ t ʟʘ ʨʘʟʣʠʯʠʪʝ ʥʠʚʦʝ ʚʝʨʦʚʘʪʥʦʩʪʠ p  
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2.015 

1.943 

1.895 
1.860 

1.833 

1.812 
 

1.796 

1.782 
1.771 

1.761 
1.753 

1.746 

1.740 
1.734 

1.729 

1.725 
 

1.721 

1.717 
1.714 

1.711 

1.708 
1.706 

1.703 

1.701 
1.699 

1.697 

 
1.684 

1.671 

1.658 
1.645 

12.706 
4.303 

3.182 

2.776 
2.571 

2.447 

2.365 
2.306 

2.262 

2.228 
 

2.201 

2.179 
2.160 

2.145 
2.131 

2.120 

2.110 
2.101 

2.093 

2.086 
 

2.080 

2.074 
2.069 

2.064 

2.060 
2.056 

2.052 

2.048 
2.045 

2.042 

 
2.021 

2.000 

1.980 
1.960 

31.821 
6.965 

4.541 

3.747 
3.365 

3.143 

2.998 
2.896 

2.821 

2.764 
 

2.718 

2.681 
2.650 

2.624 
2.602 

2.583 

2.567 
2.552 

2.539 

2.528 
 

2.518 

2.508 
2.500 

2.492 

2.485 
2.479 

2.473 

2.467 
2.462 

2.457 

 
2.423 

2.390 

2.358 
2.326 

63.657 
9.925 

5.841 

4.604 
4.032 

3.707 

3.499 
3.355 

3.250 

3.169 
 

3.106 

3.055 
3.012 

2.977 
2.947 

2.921 

2.898 
2.878 

2.861 

2.845 
 

2.831 

2.819 
2.807 

2.797 

2.787 
2.779 

2.771 

2.763 
2.756 

2.750 

 
2.704 

2.660 

2.617 
2.576 

636.619 
31.598 

12.941 

8.610 
6.859 

5.959 

5.405 
5.041 

4.781 

4.587 
 

4.437 

4.318 
4.221 

4.140 
4.073 

4.015 

3.965 
3.922 

3.883 

3.850 
 

3.819 

3.792 
3.767 

3.745 

3.725 
3.707 

3.690 

3.674 
3.659 

3.646 

 
3.551 

3.460 

3.373 
3.291 

ɹʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʫ ʩʪʘʪʠʩʪʠʯʢʦʤ ʩʤʠʩʣʫ, ʜʝʬʠʥʠʰʝ ʩʝ ʢʘʦ ʨʘʟʣʠʢʘ ʫʢʫʧʥʦʛ 

ʙʨʦʿʘ ʫʟʦʨʘʢʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʚʨʰʠ ʩʪʘʪʠʩʪʠʢʘ, ʫʤʘˁʝʥ ʟʘ ʙʨʦʿ  ʥʝʟʘʚʠʩʥʦ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʋ ʩʣʫʯʘʿʫ ʜʘ ʥʠʿʝ ʧʦʟʥʘʪ ʙʨʦʿ ʥʝʟʘʚʠʩʥʦ ʧʨʦʤʝʥˀʠʚʠʭ, ʙʨʦʿ ʩʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( )1 2 1df n n= + -         (3-22)   

ʊʫʤʘʯʝˁʝ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ t-ʪʝʩʪʘ ʙʘʟʠʨʘ ʩʝ ʥʘ  ʉʪʫʜʝʥʪʦʚʦʿ t-ʨʘʩʧʦʜʝʣʠ ʟʘ 

ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʠ ʥʘ ʦʩʥʦʚʫ ʢʨʠʪʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ t ʨʘʩʧʦʜʝʣʝ ʜʘʪʠʭ 

ʫ ʪʘʙʝʣʠ 3-1. 

ʌʫʥʢʮʠʿʘ t-ʨʘʩʧʦʜʝʣʝ ʿʝ ʩʠʤʝʪʨʠʯʥʦ ʦʧʘʜʘʿʫ˂ʘ ʬʫʥʢʮʠʿʘ. ʉʘ ʧʦʚʝ˂ʘˁʝʤ ʙʨʦʿʘ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʧʦʚʨʰʠʥʘ ʦʙʫʭʚʘ˂ʝʥʘ ʨʝʧʦʚʠʤʘ ʢʨʠʚʝ  ʩʝ ʩʤʘˁʫʿʝ, 
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ʘ ʨʘʩʧʦʜʝʣʘ ʩʝ ʩʚʝ ʚʠʰʝ ʧʨʠʙʣʠʞʘʚʘ ʩʪʘʥʜʘʨʜʥʦʿ ʥʦʨʤʘʣʥʦʿ ʨʘʩʧʦʜʝʣʠ, ʢʘʦ ʰʪʦ ʿʝ 

ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-5.  

  

ʉʣʠʢʘ 3-5. ʉʪʫʜʝʥʪʦʚʘ t ʨʘʩʧʦʜʝʣʘ ʟʘ ʨʘʟʣʠʯʠʪ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ   

 

ʉʣʠʢʘ 3-6. ɻʨʘʬʠʯʢʠ ʧʨʠʢʘʟ ʧʨʘʚʠʣʘ  ʟʘ ʧʨʠʭʚʘʪʘˁʝ ʠ ʦʜʙʘʮʠʚʘˁʝ ʭʠʧʦʪʝʟʘ 

ʀʟ ʩʚʝʛʘ ʥʘʧʨʝʜ ʥʘʚʝʜʝʥʦʛ ʧʨʦʠʟʠʣʘʟʝ ʩʣʝʜʝ˂ʘ ʧʨʘʚʠʣʘ (ʩʣʠʢʘ 3-6): 

ɸʢʦ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ t-ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ ʛʨʘʥʠʯʥʝ ʪʘʙʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ ʟʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʠ ʧʨʘʛ (ʥʠʚʦ) ʟʥʘʯʘʿʥʦʩʪʠ, ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ ʩʝ 

ʧʨʠʭʚʘʪʘ ʢʘʦ ʪʘʯʥʘ, ʘ ʦʜʙʘʮʫʿʝ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ:  

¶ t-ʨʝʘʣʠʟʦʚʘʥʦ < t (ʉʉ ʠ 0,05) ᵼ Ho ʩʝ ʥʝ ʦʜʙʘʮʫʿʝ ʿʝʨ ʿʝ ʨʠʟʠʢ ʚʝ˂ʠ ʦʜ 5% 

(p>0)  

 

ʆʙʨʥʫʪʦ, ʘʢʦ ʿʝ ʨʝʘʣʠʟʦʚʘʥʘ t-ʚʨʝʜʥʦʩʪ ʿʝʜʥʘʢʘ ʠʣʠ ʚʝ˂ʘ ʦʜ ʛʨʘʥʠʯʥʝ 

ʪʘʙʣʠʯʥʝ ʚʨʝʜʥʦʩʪʠ, ʟʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʙʨʦʿ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ ʠ ʧʨʘʛ ʟʥʘʯʘʿʥʦʩʪʠ, 

ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ ʩʝ ʦʜʙʘʮʫʿʝ ʢʘʦ ʥʝʪʘʯʥʘ, ʘ ʧʨʠʭʚʘʪʘ ʩʝ ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ: 
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¶ t-ʨʝʘʣʠʟʦʚʘʥʦ Ó t(ʉʉ ʠ 0,05) ᵼ ʦʜʙʘʮʫʿʝ ʩʝ ʥʫʣʪʘ ʭʠʧʦʪʝʟʘ ʟʘ ʥʠʚʦ ʨʠʟʠʢʘ 

p=0,05, ʦʜʥʦʩʥʦ ʟʘ ʥʠʚʦ ʩʠʛʫʨʥʦʩʪʠ P=0,95(95%)  

¶ t-ʨʝʘʣʠʟʦʚʘʥʦ Ó t(ʉʉ ʠ 0,01) ᵼ ʦʜʙʘʮʫʿʝ ʩʝ H0 ʠ ʟʘ ʥʠʚʦ ʨʠʟʠʢʘ p=0,01, 

ʦʜʥʦʩʥʦ ʟʘ ʥʠʚʦ ʩʠʛʫʨʥʦʩʪʠ P=0,99 (99%). 

 

3.1.4.2 ˽͙͍ͪͫͦͤͦ ̆-͙͍͊͒ͪ͊ͭ͟ ͔ͭͫͭ 

ʇʠʨʩʦʥʦʚ ʪʝʩʪ ʙʘʟʠʨʘ ʩʝ ʥʘ ʭʠ-ʢʚʘʜʨʘʪ ʨʘʩʧʦʜʝʣʠ ʠ ʧʨʝʜʩʪʘʚˀʘ ʥʝʧʘʨʘʤʝʪʘʨʩʢʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʤʦʜʝʣ ʟʘ ʧʨʦʮʝʥʫ ʟʥʘʯʘʿʥʦʩʪʠ ʨʘʟʣʠʢʝ ʥʘ ʦʩʥʦʚʫ ʫʯʝʩʪʘʥʦʩʪʠ. 

ʇʨʠʤʝˁʫʿʝ ʩʝ ʥʘ ʘʪʨʠʙʫʪʠʚʥʘ ʠʣʠ ʥʫʤʝʨʠʯʢʘ ʥʝʧʘʨʘʤʝʪʘʨʩʢʘ ʦʙʝʣʝʞʿʘ ʚʝʣʠʯʠʥʘ 

ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ [51].  

ʇʠʨʩʦʥʦʚʠʤ ɢ2 ʪʝʩʪʦʤ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʜʘ ʣʠ ʧʦʩʪʦʿʠ ʩʪʘʪʠʩʪʠʯʢʠ ʟʥʘʯʘʿʥʘ ʧʦʚʝʟʘʥʦʩʪ 

ʫ ʫʯʝʩʪʘʥʦʩʪʠʤʘ ʜʚʘ ʘʪʨʠʙʫʪʠʚʥʘ ʦʙʝʣʝʞʿʘ, ʠʣʠ ʠʟʤʝʹʫ ʜʦʙʠʿʝʥʠʭ (ʦʧʘʞʝʥʠʭ) 

ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʿʝ ʦʯʝʢʫʿʝʤʦ ʢʦʜ ʦʜʨʝʹʝʥʝ ʭʠʧʦʪʝʟʝ. ɼʦʙʠʿʝʥʝ 

ʫʯʝʩʪʘʥʦʩʪʠ ʩʫ ʫʯʝʩʪʘʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʝʤʧʠʨʠʿʩʢʠʤ ʠʩʪʨʘʞʠʚʘˁʝʤ, ʦʜʥʦʩʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ. ʆʯʝʢʠʚʘʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʩʫ ʪʝʦʨʠʿʩʢʦʛ ʢʘʨʘʢʪʝʨʘ, ʠʣʠ ʦʯʝʢʠʚʘʥʝ ʥʘ 

ʦʩʥʦʚʫ ʭʠʧʦʪʝʟʝ ʢʦʿʫ ʞʝʣʠʤʦ ʜʘ ʧʨʦʚʝʨʠʤʦ.  

ʊʨʠ ʩʫ ʥʘʿʚʘʞʥʠʿʘ ʫʩʣʦʚʘ ʟʘ ʧʨʠʤʝʥʫ ɢ2 ʢʚʘʜʨʘʪ ʪʝʩʪʘ [52]:  

1. ɢ2 ʢʚʘʜʨʘʪ ʪʝʩʪ ʩʝ ʚʨʰʠ ʠʩʢˀʫʯʠʚʦ ʥʘ ʦʩʥʦʚʫ ʘʧʩʦʣʫʪʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ, ʠʣʠ 

ʠʟ ʧʦʜʘʪʘʢʘ ʘʢʦ ʤʦʛʫ ʜʘ ʩʝ ʩʚʝʜʫ ʥʘ ʘʧʩʦʣʫʪʥʝ ʫʯʝʩʪʘʥʦʩʪʠ;  

2. ʅʠʿʝʜʥʘ ʦʜ ʘʧʩʦʣʫʪʥʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʥʝ ʩʤʝ ʜʘ ʠʤʘ ʚʨʝʜʥʦʩʪ ʤʘˁʫ ʦʜ 5 

ʿʝʜʠʥʠʮʘ, 

3. ʂʘʜʘ ʩʫ ʫʟʦʨʮʠ ʤʘˁʠ ʦʜ 200 ʿʝʜʠʥʠʮʘ (n1+n2<200) ʧʨʠʤʝˁʫʿʝ ʩʝ Yates-ʦʚʘ 

ʢʦʨʝʢʮʠʿʘ:  

¶ ʉʚʘʢʘ ʜʦʙʠʿʝʥʘ ʫʯʝʩʪʘʥʦʩʪ, ʘʢʦ ʿʝ ʚʝ˂ʘ ʦʜ ʦʯʝʢʠʚʘʥʝ, ʫʤʘˁʫʿʝ ʩʝ ʟʘ 0,5, ʘ  

¶ ʉʚʘʢʘ ʜʦʙʠʿʝʥʘ ʫʯʝʩʪʘʥʦʩʪ, ʘʢʦ ʿʝ ʤʘˁʘ ʦʜ ʦʯʝʢʠʚʘʥʝ, ʫʚʝ˂ʘʚʘ ʩʝ ʟʘ 0,5.  

ɢ2 ʢʚʘʜʨʘʪ ʪʝʩʪ ʤʦʞʝ ʠʤʘʪʠ ʩʣʝʜʝ˂ʝ ʤʦʜʘʣʠʪʝʪʝ:  

1. ɢ2 ʪʝʩʪ ʨʘʩʧʦʨʝʜʘ ʫʯʝʩʪʘʥʦʩʪʠ 

2. ɢ2 ʪʝʩʪ ʥʝʟʘʚʠʩʥʦʩʪʠ  

3. ɢ2 ʪʝʩʪ ʭʦʤʦʛʝʥʦʩʪʠ 

 ʇʠʨʩʦʥʦʚ ɢ2 ʪʝʩʪ ʩʝ ʫʧʦʪʨʝʙˀʘʚʘ ʟʘ ʪʝʩʪʠʨʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ 

ʪʝʦʨʝʪʩʢʠʭ (ft) ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ (f0) ʫʯʝʩʪʘʥʦʩʪʠ, ʧʨʠ ʯʝʤʫ ʩʝ ʫ ʤʘʪʝʤʘʪʠʯʢʦʤ 

ʦʙʣʠʢʫ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

( )
2

02 t

t

f f

f
c

-
=ä

  (3-23)  

 
ʊʫʤʘʯʝˁʝ ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ ɢ2-ʪʝʩʪʘ ʙʘʟʠʨʘ ʩʝ ʥʘ  ɢ2-ʨʘʩʧʦʜʝʣʠ, ʜʘʪʦʿ ʥʘ ʩʣʠʮʠ 

3-10, ʟʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʠ ʥʘ ʦʩʥʦʚʫ ʢʨʠʪʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ 
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ɢ2-ʨʘʩʧʦʜʝʣʝ. ɹʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, ʫ ʩʪʘʪʠʩʪʠʯʢʦʤ ʩʤʠʩʣʫ, ʦʜʨʝʹʫʿʝ ʩʝ ʥʘ ʠʩʪʠ 

ʥʘʯʠʥ  ʢʘʦ ʠ ʧʨʠ ʧʨʠʤʝʥʠ t-ʪʝʩʪʘ, ʧʨʝʤʘ ʿʝʜʥʘʯʠʥʠ (3-22). 

 

ʉʣʠʢʘ 3-7. ʌʫʥʢʮʠʿʘ ʛʫʩʪʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘ ʭʠ-ʢʚʘʜʨʘʪ ʪʝʩʪ 

3.1.4.3 ͙̅΄͔͍ͪͦ C -͔ͭͫͭ  

ʋ ʦʩʥʦʚʠ, ʩʚʘʢʠ ʩʪʘʪʠʩʪʠʯʢʠ ʪʝʩʪ ʢʦʿʠ ʩʝ ʙʘʟʠʨʘ ʥʘ F-ʨʘʩʧʦʜʝʣʠ, ʘ ʢʦʿʠ ʠʤʘ ʤʘˁʝ 

ʦʜ 30 ʫʟʦʨʘʢʘ ʟʘ ʧʦʨʝʹʝˁʝ ʤʦʞʝʤʦ ʥʘʟʚʘʪʠ F-ʪʝʩʪ. F-ʨʘʩʧʦʜʝʣʘ ʜʦʙʠʣʘ ʿʝ ʠʤʝ ʧʦ 

ʩʪʘʪʠʩʪʠʯʘʨʫ ʈ.ɸ. ʌʠʰʝʨʫ (R.A. Fisher), ʧʘ  ʿʝ ʩʪʦʛʘ ʧʦʟʥʘʪʘ ʠ ʢʘʦ ʌʠʰʝʨʦʚʘ 

ʨʘʩʧʦʜʝʣʘ ʠʣʠ Snecedor-Fisher ʨʘʩʧʦʜʝʣʘ [54].  

F-ʨʘʩʧʦʜʝʣʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʟʘ ʘʥʘʣʠʟʫ ʚʘʨʠʿʘʥʩʠ ʠ ʧʨʝʜʩʪʘʚˀʘ ʩʘʩʪʘʚʥʠ ʜʝʦ 

ɸʅʆɺɸ ʘʣʛʦʨʠʪʤʘ [55]. ʋ ʦʩʥʦʚʠ, F-ʨʘʩʧʦʜʝʣʘ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʜʚʝ ɢ2 -ʨʘʩʧʦʜʝʣʘ, 

ʧʦʜʝˀʝʥʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʙʨʦʿʝʤ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, 

Ὂ
Ⱦ

Ⱦ
 ,  (3-24)  

ʧʨʠ ʯʝʤʫ ʩʫ …  ʠ …  ʜʚʝ ɢ2 ʩʪʘʪʠʩʪʠʢʝ, ʘ ὨὪρ ʠ ὨὪρ ˁʠʭʦʚʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ 

ʩʪʘʪʠʩʪʠʯʢʠ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ. 
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ʉʣʠʢʘ 3-8. ʌʠʰʝʨʦʚʘ ʨʘʩʧʦʜʝʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʙʨʦʿʝʤ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ 

ʉ ʦʙʟʠʨʦʤ ʜʘ F-ʪʝʩʪ ʧʨʝʜʩʪʘʚˀʘ ʦʜʥʦʩ ʜʚʝ ɢ2-ʨʘʩʧʦʜʝʣʝ, ʤʥʦʛʘ ʦʜ ʩʚʦʿʩʪʘʚʘ 

F-ʨʘʩʧʦʜʝʣʘ ʩʫ ʥʘʩʣʝʹʝʥʝ ʦʜ ɢ2-ʨʘʩʧʦʜʝʣʝ, ʠ F-ʨʘʩʧʦʜʝʣʘ ʠʤʘ ʩʣʝʜʝ˂ʝ ʦʩʦʙʠʥʝ: 

¶ ɺʨʝʜʥʦʩʪʠ F-ʨʘʩʧʦʜʝʣʘ ʩʫ ʥʝ-ʥʝʛʘʪʠʚʥʝ 

¶ F- ʨʘʩʧʦʜʝʣʘ ʥʠʿʝ ʩʠʤʝʪʨʠʯʥʘ 

¶ ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʿʝ ʧʨʠʙʣʠʞʥʦ ʿʝʜʥʘʢʘ ʿʝʜʠʥʠʮʠ 

¶ F- ʨʘʩʧʦʜʝʣʫ, ʩ ʦʙʟʠʨʦʤ ʥʘ ˁʝʥʫ ʜʝʬʠʥʠʮʠʿʫ, ʢʘʨʘʢʪʝʨʠʰʫ ʜʚʘ 

ʩʪʘʪʠʩʪʠʯʢʘ ʩʪʝʧʝʥʘ ʩʣʦʙʦʜʝ 

F-ʪʝʩʪ ʿʝ ʥʘʤʝˁʝʥ ʟʘ ʪʝʩʪʠʨʘˁʝ ʿʝʜʥʘʢʦʩʪʠ ʚʘʨʠʿʘʥʩʠ ʜʚʝ ʥʝʟʘʚʠʩʥʝ ʧʦʧʫʣʘʮʠʿʝ. ʆʥ 

ʩʝ ʤʦʞʝ ʫʧʦʪʨʝʙʠʪʠ ʟʘ ʪʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʘ ʥʘ ʥʝʢʦʣʠʢʦ ʥʘʯʠʥʘ, ʠ ʪʦ ʟʘ: 

1. ʊʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʝ ʦ ʿʝʜʥʘʢʦʩʪʠ ʚʘʨʠʿʘʥʩʠ  

2. ʊʝʩʪʠʨʘˁʝ ʭʠʧʦʪʝʟʝ ʦ ʿʝʜʥʘʢʦʩʪʠ ʚʠʰʝ ʩʨʝʜˁʠʭ ʚʨʝʜʥʦʩʪʠ 

3. ʊʝʩʪʠʨʘˁʝ ʟʥʘʯʘʿʥʦʩʪʠ ʨʝʛʨʝʩʠʿʝ ʫʧʦʪʨʝʙˀʝʥʝ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ 

ʨʝʛʨʝʩʠʦʥʦʛ ʤʦʜʝʣʘ 

 ʋ ʩʣʫʯʘʿʫ ʜʘ ʩʝ ʧʦʨʝʜʝ ʚʘʨʠʿʘʥʩʝ ʜʚʝ ʧʦʧʫʣʘʮʠʿʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʥʘ˂ʠ ʦʜʥʦʩ 

ʩʪʘʥʜʘʨʜʥʠʭ ʜʝʚʠʿʘʮʠʿʘ ʧʨʝʤʘ ʩʣʝʜʝ˂ʦʿ ʿʝʜʥʘʢʦʩʪʠ: 

 Ὂ  (3-25)  

ʇʨʠ ʯʝʤʫ ʩʫ ʩʘ Ὓ  ʠ Ὓ  ʦʟʥʘʯʝʥʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʧʨʚʝ ʠ ʜʨʫʛʝ ʧʦʧʫʣʘʮʠʿʝ 

ʨʝʩʧʝʢʪʠʚʥʦ. 

ʀ ʫ ʦʚʦʤ, ʢʘʦ ʠ ʫ ʧʨʝʪʭʦʜʥʠʤ ʪʝʩʪʦʚʠʤʘ, ʧʦʩʪʘʚˀʘʿʫ ʩʝ ʜʚʝ ʭʠʧʦʪʝʟʝ. ʅʫʣʪʘ 

ʭʠʧʦʪʝʟʘ ʪʚʨʜʠ ʜʘ ʥʝ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʦʨʝʹʝʥʠʭ ʚʘʨʠʿʘʥʩʠ, ʜʦʢ 

ʘʣʪʝʨʥʘʪʠʚʥʘ ʭʠʧʦʪʝʟʘ ʪʚʨʜʠ ʜʘ ʧʦʩʪʦʿʠ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʧʦʨʝʹʝʥʠʭ 

ʚʘʨʠʿʘʥʩʠ. 
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ʆʜʣʫʢʘ ʦ ʧʨʠʭʚʘʪʘˁʫ ʠʣʠ ʦʜʙʘʮʠʚʘˁʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʭʠʧʦʪʝʟʝ ʜʦʥʦʩʠ ʩʝ ʥʘ ʦʩʥʦʚʫ 

ʧʦʨʝʹʝˁʘ ʠʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ F-ʪʝʩʪʘ ʠ ʪʘʙʝʣʘʨʥʝ ʢʨʠʪʠʯʥʝ ʚʨʝʜʥʦʩʪʠ [54, 55]. 

ʂʨʠʪʠʯʥʘ ʚʨʝʜʥʦʩʪ ʢʦʜ F-ʪʝʩʪʘ ʩʝ ʦʜʨʝʹʫʿʝ ʥʘ ʦʩʥʦʚʫ ʩʪʘʪʠʩʪʠʯʢʠʭ ʩʪʝʧʝʥʠ 

ʩʣʦʙʦʜʝ ʦʙʝ ʧʦʧʫʣʘʮʠʿʝ, ʢʦʿʝ ʩʫ ʧʦʨʝʹʝʥʝ ʥʘ ʦʩʥʦʚʫ ʠʟʘʙʨʘʥʦʛ ʧʨʘʛʘ ʟʥʘʯʘʿʥʦʩʪʠ a 

ʟʘ ʧʦʨʝʹʝˁʝ ʧʦʧʫʣʘʮʠʿʘ.    

ʆʩʥʦʚʥʝ ʧʨʝʧʦʨʫʢʝ ʧʨʠʣʠʢʦʤ ʬʦʨʤʠʨʘˁʘ F-ʪʝʩʪʘ ʩʫ: 

¶ ɺʝ˂ʘ ʚʘʨʠʿʘʥʩʘ ʫʚʝʢ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʧʦʩʪʘʚʠ ʫ ʠʤʝʥʠʦʮʫ ʨʘʟʣʦʤʢʘ, 

¶ ʋʢʦʣʠʢʦ ʩʫ ʜʘʪʝ ʩʪʘʥʜʘʨʜʥʝ ʜʝʚʠʿʘʮʠʿʝ ʫʤʝʩʪʦ ʚʘʨʠʿʘʥʩʠ, ʩʪʘʥʜʘʨʜʥʝ 

ʜʝʚʠʿʘʮʠʿʝ ʤʦʨʘʿʫ ʙʠʪʠ ʢʚʘʜʨʠʨʘʥʝ, 

¶ ʋʢʦʣʠʢʦ ʩʪʘʪʠʩʪʠʯʢʠ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʥʠʩʫ ʜʝʬʠʥʠʩʘʥʠ ʧʨʠʣʠʢʦʤ 

ʠʟʨʘʯʫʥʘʚʘˁʘ F-ʪʝʩʪʘ, ʠʟ ʪʘʙʝʣʝ ʢʨʠʪʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʪʨʝʙʘ ʫʟʝʪʠ ʚʝ˂ʫ 

ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪ, ʦʜʥʦʩʥʦ ʢʨʠʪʠʯʥʫ ʚʨʝʜʥʦʩʪʠ ʟʘ ʤʘˁʠ ʙʨʦʿ 

ʩʪʘʪʠʩʪʠʯʢʠʭ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ, 

¶ ʇʦʧʫʣʘʮʠʿʝ ʢʦʿʝ ʩʝ ʧʦʨʝʜʝ ʤʦʨʘʿʫ ʙʠʪʠ ʥʝʟʘʚʠʩʥʝ 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʝ F-ʪʝʩʪ ʙʘʟʠʨʘ ʥʘ ʧʦʨʝʹʝˁʫ ʜʚʝ ɢ2-ʨʘʩʧʦʜʝʣʝ, ʪʦ ʩʝ ʩʚʝ ʩʚʘ 

ʦʛʨʘʥʠʯʝˁʘ ɢ2-ʪʝʩʪʘ ʧʨʝʥʦʩʝ ʠ ʥʘ ʦʚʘʿ ʪʝʩʪ. ʆʩʥʦʚʥʘ ʧʨʝʜʥʦʩʪ F-ʪʝʩʪʘ ʫ ʦʜʥʦʩʫ ʥʘ 

ɢ2-ʪʝʩʪ ʿʝ ʰʪʦ ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʠ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʠʤʘʤʦ ʤʘʣʠ ʙʨʦʿ ʫʟʦʨʘʢʘ ʫ 

ʧʦʧʫʣʘʮʠʿʠ. ʋʢʦʣʠʢʦ ʿʝ ʙʨʦʿ ʫʟʦʨʘʢʘ ʧʦʧʫʣʘʮʠʿʝ ʢʦʿʠ ʩʝ ʧʦʨʝʜʝ ʤʘˁʠ ʦʜ 30, ʪʘʜʘ ʩʝ 

ʧʨʝʜʣʘʞʝ ʫʧʦʪʨʝʙʘ F-ʪʝʩʪʘ, ʜʦʢ ʩʝ ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʧʦʧʫʣʘʮʠʿʝ ʠʤʘʿʫ ʚʠʰʝ ʦʜ 30 

ʫʟʦʨʘʢʘ ʧʨʝʧʦʨʫʯʫʿʝ ʫʧʦʪʨʝʙʘ ɢ2-ʪʝʩʪʘ ʠʣʠ t-ʪʝʩʪʘ ʟʘ ʧʦʨʝʹʝˁʝ ʧʦʧʫʣʘʮʠʿʘ.  

3.1.5 ˸͔͔ͭͦ͒ ͍͙͊͒͊͡ͼ͙͔͞ ͔ͣͦ͒͊͡ ͙͔͋͊ͪ͊ͤ͘ ͤ͊ ˣ͔͍͊ͫͦͦ͞͞ ͺ͙ͦͪͣͯ͡ 

ʇʨʚʦ Daniel Bernuli, ʘ ʟʘʪʠʤ ʫ 20. ʚʝʢʫ ʠ John Neumen, ʩʫ ʧʦʢʫʰʘʣʠ ʜʘ ʫʢˀʫʯʝ 

ʢʦʥʮʝʧʪ ʚʝʨʦʚʘʪʥʦ˂ʝ ʫ ʧʨʦʙʣʝʤ ʜʦʥʦʰʝˁʘ ʦʜʣʫʢʝ. ʇʦ ˁʠʤʘ, ʩ ʦʙʟʠʨʦʤ ʜʘ ˀʫʜʩʢʦ 

ʟʥʘˁʝ ʥʠʿʝ ʩʘʚʨʰʝʥʦ, ʩʚʘʢʘ ʦʜʣʫʢʘ ʩʝ ʜʦʥʦʩʠ ʩʘ ʦʜʨʝʹʝʥʦʤ ʛʨʝʰʢʦʤ, ʦʜʥʦʩʥʦ 

ʥʝʩʠʛʫʨʥʦʰ˂ʫ-ʛʨʝʰʢʦʤ. ʄʘʪʝʤʘʪʠʯʢʠ ʧʦʩʤʘʪʨʘʥʦ, ʚʝʨʦʚʘʪʥʦ˂ʘ ʦʩʪʘʿʝ ʠʩʪʘ, ʘʣʠ ʩʝ 

ʤʦʞʝ ʤʝˁʘʪʠ ʟʥʘʯʘʿ ʢʦʿʠ ʜʦʥʦʩʠʣʘʮ ʦʜʣʫʢʝ ʜʦʜʝˀʫʿʝ ʧʦʿʝʜʠʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ ʥʘ 

ʦʩʥʦʚʫ ʢʦʿʠʭ ʩʝ ʬʦʨʤʠʨʘ ʦʜʣʫʢʘ. 

ɿʘ ʦʜʨʝʹʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʨʝʘʣʠʟʘʮʠʿʝ ʿʝʜʥʦʛ ʜʦʛʘʹʘʿʘ ɹʘʿʝʩ ʫʚʦʜʠ ʜʚʘ ʥʦʚʘ 

ʪʝʨʤʠʥʘ ʠ ʪʦ: ʘʧʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʘ ʠ ʘʧʦʩʪʝʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʘ [56, 57]. ɸʧʨʠʦʨʠ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʝ ʦʜʥʦʩʠ ʥʘ ʟʥʘʯʘʿ ʢʦʿʠ ʩʝ ʜʦʜʝˀʫʿʝ ʧʦʿʝʜʠʥʠʤ ʠʩʭʦʜʠʤʘ ʧʨʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʫ ʫʩʣʦʚʠʤʘ ʢʘʜʘ ʧʦʜʘʮʠ ʥʠʩʫ ʧʦʟʥʘʪʠ. ɸʧʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʜʦʜʝˀʫʿʝ ʩʚʘʢʠ ʜʦʥʦʩʠʣʘʮ ʦʜʣʫʢʝ ʧʦʥʘʦʩʦʙ, ʰʪʦ ʧʨʝʜʩʪʘʚˀʘ ʩʣʘʙʦʩʪ ʢʦʥʮʝʧʪʘ. 

ʀʧʘʢ, ʧʨʝʜʥʦʩʪ ʤʫ ʿʝ ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʜʘʚʘˁʝ ʠʩʢʘʟʘ ʦ ʧʦʿʘʚʘʤʘ ʧʨʝ ˁʠʭʦʚʦʛ 

ʜʠʨʝʢʪʥʦʛ ʧʦʩʤʘʪʨʘˁʘ [58]. 

ʂʦʤʙʠʥʫʿʫ˂ʠ ʘʧʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʘ ʫʩʣʦʚʥʦʤ ʨʘʩʧʦʜʝʣʦʤ ʨʝʟʫʣʪʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʨʠʩʪʝ˂ʠ ʩʝ ɹʘʿʝʩʦʚʦʤ ʪʝʦʨʝʤʦʤ, ʜʦʙʠʿʘʿʫ ʩʝ ʘʧʦʩʪʝʨʠʦʨʠ 

ʚʝʨʦʚʘʪʥʦ˂ʝ. 
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ʂʦʥʮʝʧʪʠ ʘʧʨʠʦʨʠ ʠ ʘʧʦʩʪʝʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʫ ʟʥʘʯʘʿʥʠ, ʿʝʨ ʿʝ ʥʘ ˁʠʤʘ 

ʙʘʟʠʨʘʥʦ ʟʘʢˀʫʯʠʚʘˁʝ ʦ ʧʦʧʫʣʘʮʠʿʠ ʥʘ ʦʩʥʦʚʫ ʫʟʦʨʢʘ [59], [60]. 

ɹʘʿʝʩʦʚ ʢʦʥʮʝʧʪ ʩʝ ʙʘʟʠʨʘ ʥʘ ʪʘʢʦʟʚʘʥʦʿ ʬʦʨʤʫʣʠ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ. ɼʘ ʙʠ ʩʝ 

ʦʙʿʘʩʥʠʦ ʢʦʥʮʝʧʪ ɹʘʿʝʩʦʚʝ, ʠʣʠ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʿʘʩʥʠʪʠ 

ʦʩʥʦʚʥʝ ʢʦʥʮʝʧʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ 

3.1.5.1 ˨͔ͺ͙͙ͤͼ͙͊͞ ͍͔ͯͫͦͤ͡ ͍͔͍ͪͦ͊ͭͤͦΐ͔ 

ʅʝʢʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʩʤʘʪʨʘʤʦ ʜʚʘ ʩʣʫʯʘʿʥʘ ʜʦʛʘʹʘʿʘ A ʠ B. ɸʢʦ  ʿʝ  ʧʦʟʥʘʪʦ  ʜʘ  

ʩʝ  ʿʝʜʘʥ  ʦʜ  ˁʠʭ,  ʥʘ  ʧʨʠʤʝʨ  ʜʦʛʘʹʘʿ  B,  ʦʩʪʚʘʨʠʦ, ʪʨʝʙʘ ʦʜʨʝʜʠʪʠ ʚʝʨʦʚʘʪʥʦ˂ʫ 

ʜʘ ʩʝ ʦʩʪʚʘʨʠʦ ʠ ʜʦʛʘʹʘʿ ɸ. ʊʘʢʦ ʩʝ, ʥʘ ʦʜʨʝʹʝʥ ʥʘʯʠʥ,  ʤʝʨʠ  ʧʦʚʝʟʘʥʦʩʪ  ʜʦʛʘʹʘʿʘ,  

ʦʜʥʦʩʥʦ ʤʝʨʘ ʫ ʢʦʿʦʿ ʠʥʬʦʨʤʘʮʠʿʘ  ʦ ʨʝʘʣʠʟʘʮʠʿʠ  ʜʦʛʘʹʘʿʘ  B ʛʦʚʦʨʠ ʦ ʨʝʘʣʠʟʘʮʠʿʠ  

ʜʦʛʘʹʘʿʘ ɸ.  

ɼʝʬʠʥʠʮʠʿʘ 3.1. ʋʩʣʦʚʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ  

ʅʝʢʘ ʩʫ ɸ ʠ B ʜʦʛʘʹʘʿʠ ʠʟ ʠʩʪʦʛ ʧʨʦʩʪʦʨʘ ʚʝʨʦʚʘʪʥʦ˂ʘ (Ý, ɽ, P) ʠ ʥʝʢʘ ʿʝ P(B)>0, 

ʛʜʝ ʿʝ ʩʘ Ý ʦʟʥʘʯʝʥ ʩʢʫʧ ʩʚʠʭ ʜʦʛʘʹʘʿʘ, ʩʘ ɽ ʨʘʩʧʦʜʝʣʘ ʩʣʫʯʘʿʥʠʭ ʧʨʦʤʝʥˀʠʚʠʭ ʠ ʩʘ 

P ˁʠʭʦʚʘ ʚʝʨʦʚʘʪʥʦ˂ʘ. ʊʘʜʘ ʿʝ ʫʩʣʦʚʥʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʜʦʛʘʹʘʿʘ ɸ, ʘʢʦ ʩʝ ʦʩʪʚʘʨʠʦ 

ʜʦʛʘʹʘʿ B, ʿ ʝʜʥʘʢʘ: 

( )
( )

()
|

P AB
P A B

P B
=   (3-26)   

ɿʘ ʫʩʣʦʚʥʫ ʚʝʨʦʚʘʪʥʦ˂ʫ P(A|B)  ʢʦʨʠʩʪʠ ʩʝ ʠ ʦʟʥʘʢʘ PB(A).  

ʋʩʣʦʚʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʜʦʛʘʹʘʿʘ ʠʟ ʠʩʪʦʛ ʧʨʦʩʪʦʨʘ ʚʝʨʦʚʘʪʥʦ˂ʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʥʝʢʠ 

ʜʦʛʘʹʘʿ ʠʟ ʪʦʛ ʧʨʦʩʪʦʨʘ, ʠʤʘʿʫ ʩʚʝ ʦʩʦʙʠʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ, ʪʿ. ʟʘʜʦʚʦˀʘʚʘʿʫ ʘʢʩʠʦʤʝ 

B1
0, B2

0, B3
0: 
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  (3-27)   

3.1.5.2 ˹͔͍͙͊ͫͤͦͫͭ͘ ͎͒ͦ͊Ώ͊͊͞ 

ʅʝʟʘʚʠʩʥʦʩʪ  ʜʦʛʘʹʘʿʘ  ʿʝ  ʿʝʜʘʥ  ʦʜ  ʙʠʪʥʠʭ  ʧʦʿʤʦʚʘ  ʫ  ʪʝʦʨʠʿʠ ʚʝʨʦʚʘʪʥʦ˂ʝ,  ʘ  

ʩʘʤʠʤ  ʪʠʤ  ʠ  ʫ  ʤʘʪʝʤʘʪʠʯʢʦʿ  ʩʪʘʪʠʩʪʠʮʠ. ʋʚʦʜʠ ʩʝ ʩʣʝʜʝ˂ʘ ʜʝʬʠʥʠʮʠʿʘ: 

ɼʝʬʠʥʠʮʠʿʘ 3.2. ʅʝʟʘʚʠʩʥʦʩʪ ʜʦʛʘʹʘʿʘ  

ʅʝʢʘ ʩʫ ʜʦʛʘʹʘʿʠ ɸ ʠ B ʠʟ ʠʩʪʦʛ ʧʨʦʩʪʦʨʘ ʚʝʨʦʚʘʪʥʦ˂ʘ. ɸʢʦ ʚʘʞʠ P(AB)=P(A)P(B), 

ʪʘʜʘ ʩʫ ʜʦʛʘʹʘʿʠ ɸ ʠ B ʥʝʟʘʚʠʩʥʠ.  

ʅʘ ʦʩʥʦʚʫ ʜʝʬʠʥʠʮʠʿʝ ʫʩʣʦʚʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʟʘʢˀʫʯʫʿʝ ʩʝ, ʜʘ ʟʘ ʥʝʟʘʚʠʩʥʝ ʜʦʛʘʹʘʿʝ 

ɸ ʠ B ʚʘʞʠ: 
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( ) () ( ) ()| |P A B P A ʠ P B A P B= =   (3-28)   

ɸʢʦ ʩʫ ʜʦʛʘʹʘʿʠ ɸ ʠ B ʥʝʟʘʚʠʩʥʠ, ʪʘʜʘ ʨʝʘʣʠʟʘʮʠʿʘ ʜʦʛʘʹʘʿʘ B ʥʝ ʫʪʠʯʝ ʥʘ 

ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʦʛʘʹʘʿʘ ɸ, ʘʣʠ ʘʢʦ ʩʫ ʜʦʛʘʹʘʿʠ ɸ ʠ B ʟʘʚʠʩʥʠ, ʪʘʜʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

P(A|B) ʨʘʟʣʠʯʠʪʘ ʦʜ P(A), ʠ ʪʘʜʘ ʿʝ ʤʦʛʫ˂ʝ ʜʘ ʙʫʜʝ P(A|B)>P(A), ʘʣʠ ʪʘʢʦʹʝ ʠ ʜʘ 

ʙʫʜʝ P(A|B)<P(A). 

ɸʢʦ ʩʝ ʧʦʩʤʘʪʨʘ ʚʠʰʝ ʜʦʛʘʹʘʿʘ ʠʟ ʠʩʪʦʛ ʧʨʦʩʪʦʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʠʩʭʦʜʘ, ʦʥʜʘ ʩʝ 

ʢʘʞʝ ʜʘ ʩʫ ʦʥʠ ʥʝʟʘʚʠʩʥʠ ʫ ʫʢʫʧʥʦʩʪʠ  (ʠʣʠ ʩʝ ʩʘʤʦ ʢʘʞʝ ʥʝʟʘʚʠʩʥʠ),  ʘʢʦ  ʿʝ  

ʚʝʨʦʚʘʪʥʦ˂ʘ  ʧʨʝʩʝʢʘ  ʙʠʣʦ  ʢʦʿʠʭ  ʜʦʛʘʹʘʿʘ  ʠʟ  ʪʦʛ ʩʢʫʧʘ ʜʦʛʘʹʘʿʘ ʿʝʜʥʘʢʘ ʧʨʦʠʟʚʦʜʫ 

ʚʝʨʦʚʘʪʥʦ˂ʘ ʠʟʜʚʦʿʝʥʠʭ ʜʦʛʘʹʘʿʘ. 

3.1.5.3 ̅ͦͪͣͯ͊͡ ͔ͨͦͭͨͯͤ ͍͔͍ͪͦ͊ͭͤͦΐ͔ ͙ ˣ͔͍͊ͫͦ͊͞ ͺͦͪͣͯ͊͡ 

ʅʝʢʘ  ʩʫ 
1H , 

2H ,..., 
nH ,ʩʣʫʯʘʿʥʠ  ʜʦʛʘʹʘʿʠ  ʢʦʿʠ  ʯʠʥʝ  ʧʦʪʧʫʥ ʩʠʩʪʝʤ ʜʦʛʘʹʘʿʘ ʠ ʥʝʢʘ 

ʿʝ  ɸ ʥʝʢʠ ʜʦʛʘʹʘʿ ʠʟ ʠʩʪʦʛ ʧʨʦʩʪʦʨʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʠʩʭʦʜʘ. ɺʝʨʦʚʘʪʥʦ˂ʘ ʜʦʛʘʹʘʿʘ ɸ 

ʩʝ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦ ʬʦʨʤʫʣʠ: 

() ( )( )
1

|
n

i i

i

P A P H P A H
=

=ä   (3-29)   

ʇʨʝʪʭʦʜʥʦ ʜʝʬʠʥʠʩʘʥʠ ʩʣʫʯʘʿʥʠ ʜʦʛʘʹʘʿʠ 
1H , 

2H ,..., 
nH , ʩʝ  ʥʘʟʠʚʘʿʫ ʭʠʧʦʪʝʟʝ, ʜʦʢ  

ʩʝ ʬʦʨʤʫʣʘ (3-29) ʥʘʟʠʚʘ ʬʦʨʤʫʣʘ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ [61]. 

ɼʦʢʘʟ ʬʦʨʤʫʣʝ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʨʘʟʣʘʛʘˁʫ ʜʦʛʘʹʘʿʘ ɸ ʥʘ 

ʜʠʩʿʫʥʢʪʥʝ ʜʝʣʦʚʝ, ʰʪʦ ʧʨʦʠʟʠʣʘʟʠ ʠʟ 

( )1 2

1

...
n

n i

i

A A A H H H AH
=

= W= Æ + + + =ä   (3-30)   

ʂʘʢʦ ʩʫ ʜʦʛʘʹʘʿʠ ʠ AHi ʠ AHj  ʟʘ i j̧ , ʜʠʩʿʫʥʢʪʥʠ, ʜʦʙʠʿʘ ʩʝ ʜʘ ʿʝ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʜʦʛʘʹʘʿʘ ɸ: 

() ( )
1 1

n n

i i

i i

P A P AH P AH
= =

å õ
= =æ ö
ç ÷
ä ä   (3-31)   

ʂʘʜ ʩʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʩʝʢʘ 
iAH  ʠʟʨʘʟʝ ʧʨʝʢʦ ʫʩʣʦʚʥʠʭ ʚʝʨʦʚʘʪʥʦ˂ʘ 

P(AHi)=P(Hi)P(A|Hi), ʜʦʙʠʿʘ ʩʝ ʬʦʨʤʫʣʘ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ , ʢʦʿʘ ʿʝ ʜʘʪʘ ʠʟʨʘʟʦʤ 

(3-29). 

ɺʝʨʦʚʘʪʥʦ˂ʝ P(Hi) ʩʝ ʥʘʟʠʚʘʿʫ ʘʧʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʭʠʧʦʪʝʟʘ. ɸʢʦ ʩʝ ʟʥʘ ʜʘ ʩʝ 

ʨʝʘʣʠʟʦʚʘʦ ʜʦʛʘʹʘʿ ɸ ʠ ʜʘ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʚʝʨʦʚʘʪʥʦ˂ʝ P(Hi|A), ʟʘ ʩʚʘʢʦ 

1,2,...,i n= , ʪʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʝ ʥʘʟʠʚʘʿʫ ʘʧʦʩʪʝʨʠʦʨʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʭʠʧʦʪʝʟʘ. 

ʂʦʨʠʩʪʝ˂ʠ ʬʦʨʤʫʣʝ ʧʦʪʧʫʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ (3-28), ʘʧʦʩʪʝʨʠʦʨʥʝ ʚʝʨʦʚʘʥʦ˂ʝ ʩʝ ʤʦʛʫ 

ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʩʪʝ˂ʠ ʩʣʝʜʝ˂ʫ ʿʝʜʥʘʢʦʩʪ: 
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ɱʝʜʥʘʢʦʩʪ (3-29), ʫ ʣʠʪʝʨʘʪʫʨʠ ʩʝ ʿʦʰ ʥʘʟʠʚʘ ʠ ɹʘʿʝʩʦʚʘ ʬʦʨʤʫʣʘ,  ʠʣʠ ʚʝʨʦʚʘʪʥʦ˂ʘ 

ʭʠʧʦʪʝʟʘ (ʫʟʨʦʢʘ), ʿʝʨ ʥʘ  
1H , 

2H ,..., 
nH , ʤʦʞʝʤʦ ʛʣʝʜʘʪʠ ʢʘʦ ʥʘ ʨʘʟʣʠʯʠʪʝ ʫʟʨʦʢʝ 

ʢʦʿʠ ʤʦʛʫ ʜʦʚʝʩʪʠ ʜʦ ʨʝʘʣʠʟʘʮʠʿʝ ʜʦʛʘʹʘʿʘ ɸ. 

ʇʨʠʤʝʥʘ ʬʦʨʤʫʣʝ ʪʦʪʘʣʥʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʠ ɹʘʿʝʩʦʚʝ ʬʦʨʤʫʣʝ ʟʘʭʪʝʚʘ ʟʥʘʪʥʦ 

ʨʘʯʫʥʩʢʦ ʚʨʝʤʝ, ʧʘ ʿʝ ʫ ʧʨʦʪʝʢʣʠʤ ʛʦʜʠʥʘʤʘ ʚʝʦʤʘ  ʤʘʣʦ ʫʧʦʪʨʝʙˀʘʚʘʥʘ. ʉʘ 

ʨʘʟʚʦʿʝʤ ʨʘʯʫʥʘʨʩʢʝ ʪʝʭʥʠʢʝ ʨʘʩʪʝ ʠ ʫʧʦʪʨʝʙʘ ɹʘʿʝʩʦʚʝ ʬʦʨʤʫʣʝ ʠ ʬʦʨʤʘʣʠʟʘʤʘ ʟʘ 

ʦʜʨʝʹʠʚʘˁʝ ʚʝʨʦʚʘʪʥʦ˂ʝ ʩʘ ʢʦʿʦʤ ʩʝ ʤʦʞʝ ʠʟʚʨʰʠʪʠ ʥʝʢʠ ʜʦʛʘʹʘʿ. 

ʇʨʠ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ Box [56] ʠ Dalal [57] ʧʨʝʪʧʦʩʪʘʚʠʣʠ ʩʫ ʜʘ ʩʝ, ʢʦʨʠʩʪʝ˂ʠ 

ɹʘʿʝʩʦʚ ʧʨʠʩʪʫʧ, ʘʧʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʤʦʛʫ ʪʨʝʪʠʨʘʪʠ ʢʘʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʠʩʧʠʪʠʚʘˁʘ, ʜʦʢ ˂ʝ ʫ ʪʦʤ ʩʣʫʯʘʿʫ ʘʧʦʩʪʝʨʠʦʨʠ ʚʝʨʦʚʘʪʥʦ˂ʝ ʧʨʝʜʩʪʘʚˀʘʪʠ 

ʚʝʨʦʚʘʪʥʦ ʧʦʥʘʰʘˁʝ ʨʝʘʣʥʦʛ ʩʠʩʪʝʤʘ. 

ʋ ʥʝʢʦʣʠʢʦ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʚʝʣʠʢʠ ʙʨʦʿ ʠʩʪʨʘʞʠʚʘʯʘ [56-62], ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʦʙʣʘʩʪʠʤʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʦʤʙʠʥʫʿʫ˂ʠ ʧʨʝʜʥʦʩʪʠ ʪʝʩʪʠʨʘˁʘ ʭʠʧʦʪʝʟʘ (t-ʪʝʩʪ, 

ʉʪʫʜʝʥʪʦʚ ʪʝʩʪ, ʌʠʰʝʨʦʚ ʪʝʩʪ, ʠʪʜ.) ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ɹʘʿʝʩʦʚʦʤ ʬʦʨʤʫʣʦʤ 

ʬʦʨʤʠʨʘʿʫ ʪʟʚ, ɹʘʿʝʩʦʚ ʦʢʚʠʨ (Bayesian framework) ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ.   

ʇʨʝʜʥʦʩʪ ɹʘʿʝʩʦʚʝ ʬʦʨʤʫʣʝ ʠ ɹʘʿʝʩʦʚʦʛ ʦʢʚʠʨʘ ʦʛʣʝʜʘ ʩʝ ʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʠʟʚʨʰʠ 

ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʥʘ ʦʩʥʦʚʫ ʤʘʣʦʛ ʙʨʦʿʘ ʧʦʜʘʪʘʢʘ (ʤʘʣʠ ʙʨʦʿ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʧʦʜʘʪʘʢʘ ʠ ʤʘʣʠ ʙʨʦʿ ʩʠʤʫʣʘʮʠʿʘ). ʅʘʨʘʚʥʦ, ʩʘ ʚʝ˂ʠʤ ʙʨʦʿʝʤ ʫʟʦʨʘʢʘ ʟʥʘʪʥʦ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʚʝʨʦʚʘʪʥʦ˂ʘ ʩʘ ʢʦʿʦʤ ʩʝ ʤʦʞʝ ʪʚʨʜʠʪʠ ʜʘ ʿʝ ʤʦʜʝʣ ʚʘʣʠʜʘʥ.  

ʆʩʥʦʚʥʠ ʥʝʜʦʩʪʘʪʘʢ ɹʘʿʝʩʦʚʝ ʬʦʨʤʫʣʝ ʠ ɹʘʿʝʩʦʚʦʛ ʦʢʚʠʨʘ ʩʝ ʦʛʣʝʜʘ ʫ ʚʝʦʤʘ 

ʚʝʣʠʢʦʤ ʨʘʯʫʥʩʢʦʤ ʚʨʝʤʝʥʫ ʫʪʨʦʰʝʥʦʤ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ.   

3.2 ʇʈɽɻʃɽɼ ʄɽʊʆɼɸ ɺɸʃʀɼɸʎʀɱɽ ʄʆɼɽʃɸ ɾɽʃɽɿʅʀʏʂʆɻ ɺʆɿʀʃɸ 

ʀ ʧʦʨʝʜ ʠʥʪʝʥʟʠʚʥʦʛ ʨʘʟʚʦʿʘ ʤʘʪʝʤʘʪʠʯʢʠʭ ʠ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ 

ʚʦʟʠʣʘ ʪʦʢʦʤ ʧʦʩʣʝʜˁʝ ʜʚʝ ʜʝʮʝʥʠʿʝ, ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʥʠʩʫ 

ʨʘʟʚʠʿʘʥʝ. ʋʩʣʝʜ ʪʦʛʘ, ʜʘʥʘʩ ʧʦʩʪʦʿʠ ʨʝʣʘʪʠʚʥʦ ʤʘʣʦ ʣʠʪʝʨʘʪʫʨʝ ʫ ʢʦʿʦʿ ʿʝ ʧʦʩʝʙʥʘ 

ʧʘʞˁʘ ʧʦʩʚʝ˂ʝʥʘ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ.  ʇʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʩʝ 

ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ ʫ ʞʝʣʝʟʥʠʯʢʦʤ ʤʘʰʠʥʩʪʚʫ ʜʘʿʝ ʧʦʩʝʙʘʥ ʟʥʘʯʘʿ, ʰʪʦ ʩʝ ʦʛʣʝʜʘ ʫ 

ʜʝʬʠʥʠʩʘˁʫ ʧʨʝʧʦʨʫʢʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʫ ʦʢʚʠʨʫ ʧʨʦʧʠʩʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʠ 

ʩʝʨʪʠʬʠʢʘʮʠʿʫ [30, 31]. 
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ʉʣʠʢʘ 3-9. ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʜʦʤʝʥʫ ʧʦʨʝʹʝˁʝʤ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ 

ʉ ʦʙʟʠʨʦʤ ʜʘ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʚʝʦʤʘ ʩʢʫʧʘ ʠ ʜʫʛʦʪʨʘʿʥʘ, ʧʨʠʣʠʢʦʤ 

ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʩʝ  ʢʦʨʠʩʪʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʢʦʿʠ ʩʫ ʠʟʤʝʨʝʥʝ ʪʦʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʥʘʤʝˁʝʥʦʛ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʫ, ʘ 

ʢʦʿʝ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʤʝʹʫʥʘʨʦʜʥʠʤ ʧʨʦʧʠʩʠʤʘ [30, 31]. ʉʚʝ ʜʦ ʧʨʝ ʧʘʨ ʛʦʜʠʥʘ 

ʧʠʪʘˁʝ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ ʥʠʿʝ ʟʘʫʟʠʤʘʣʦ ʟʥʘʯʘʿʥʦ ʤʝʩʪʦ ʫ 

ʠʩʪʨʘʞʠʚʘˁʫ, ʧʘ ʦʨʛʘʥʠʟʘʮʠʿʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤʝˁʝʥʦʛ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ ʥʠʿʝ ʥʠ 

ʫʟʠʤʘʥʘ ʫ ʨʘʟʤʘʪʨʘˁʝ. ɼʦʣʘʩʢʦʤ ʜʦ ʥʦʚʠʭ ʩʘʟʥʘˁʘ ʫ ʚʝʟʠ ʩʘ ʚʘʣʠʜʘʮʠʿʦʤ ʤʦʜʝʣʘ, 

ʩʚʝ ʚʠʰʝ ʩʝ ʧʦʩʪʘʚˀʘ ʧʠʪʘˁʝ ʫʚʦʹʝˁʘ ʩʧʝʮʠʬʠʯʥʦʛ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ 

ʢʦʝʿ ʙʠ ʤʦʛʣʦ ʜʘ ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʜʦʥʝʩʝ ʚʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʢʦʨʠʩʥʠʭ ʟʘ ʚʘʣʠʜʘʮʠʿʫ 

ʤʦʜʝʣʘ. 

ʅʝ ʧʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʜʦʚʘ ʢʦʿʠ ʩʝ ʙʘʚʝ ʚʘʣʠʜʘʮʠʿʦʤ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ 

ʚʦʟʠʣʘ. ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʿʝ ʧʨʝʛʣʝʜ ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʜʘʪ 

ʩʘʛʣʘʩʥʦ ʠʟʚʨʰʝʥʦʿ ʧʦʜʝʣʠ ʚʘʣʠʜʘʮʠʦʥʠʭ ʤʝʪʦʜʘ. 

ʅʘʿʯʝʰ˂ʘ ʤʝʪʦʜʘ ʚʘʣʠʜʘʮʠʿʝ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ 

ʚʦʟʠʣʘ ʿʝ ʛʨʘʬʠʯʢʘ ʤʝʪʦʜʘ ʚʘʣʠʜʘʮʠʿʝ [63]. ʇʨʠʤʝˁʫʿʫ˂ʠ ʦʚʫ ʤʝʪʦʜʫ, ʚʘʣʠʜʘʮʠʿʘ 

ʤʦʜʝʣʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʛʨʘʬʠʯʢʦʤ ʧʦʨʝʹʝˁʫ ʚʝʣʠʯʠʥʘ ʢʦʿʝ ʩʝ ʤʝʨʝ ʧʨʠʣʠʢʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. ʅʘʿʯʝʰ˂ʝ ʩʝ, ʧʨʠʣʠʢʦʤ 

ʚʘʣʠʜʘʮʠʿʝ ʤʦʜʝʣʘ ʦʚʦʤ ʤʝʪʦʜʦʤ, ʧʦʨʝʜʝ  ʫʙʨʟʘˁʘ, ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-9, ʙʦʯʥʝ 

ʠ ʚʝʨʪʠʢʘʣʥʝ ʩʠʣʝ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ 

ʩʣʠʮʠ 3-10. 
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ʉʣʠʢʘ 3-10. Polach ʠ ʦʩʪʘʣʠ ï ʚʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʧʦʤʦ˂ʫ ʙʦʯʥʠʭ ʩʠʣʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ 

ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ 

ɺʘʣʠʜʘʮʠʿʦʤ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʧʦʨʝʜ ʧʦʨʝʹʝˁʘ ʙʦʯʥʠʭ ʩʠʣʘ [65], ʤʦʞʝ 

ʩʝ ʠʟʚʨʰʠʪʠ ʠ ʧʦʨʝʹʝˁʝ ʫʙʨʟʘˁʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʣʠ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ [64, 65], 

ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-9. 

ʇʦʨʝʜ ʛʨʘʬʠʯʢʦʛ ʧʦʨʝʹʝˁʘ ʚʝʣʠʯʠʥʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ, ʚʨʣʦ 

ʯʝʩʪʦ ʿʝ ʧʨʠʩʫʪʥʦ ʠ ʛʨʘʬʠʯʢʦ ʧʦʨʝʹʝˁʝ ʩʧʝʢʪʨʘʣʥʠʭ ʛʫʩʪʠʥʘ ʩʥʘʛʘ ï PSD 

ʛʨʘʬʠʢʦʥʘ [65], ʧʨʠ ʯʝʤʫ ʩʝ ʧʦʨʝʜʝ ʩʧʝʢʪʨʘʣʥʝ ʛʫʩʪʠʥʝ ʫʙʨʟʘˁʘ ʠʣʠ ʩʠʣʘ, ʢʘʦ ʰʪʦ 

ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-11.  

ʊʨʝ˂ʠ ʧʨʠʩʪʫʧ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʧʨʝʜʣʦʞʠʦ ʿʝ J. Evans [66], ʢʦʿʠ ʿʝ ʠʟʚʨʰʠʦ 

ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ ʢʦʨʠʩʪʝ˂ʠ ʛʨʘʬʠʯʢʝ ʤʝʪʦʜʝ ʚʘʣʠʜʘʮʠʿʝ. 

ʂʦʨʠʩʪʝ˂ʠ ʘʤʧʣʠʪʫʜʥʦ-ʬʨʝʢʚʝʥʪʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʠʛʥʘʣʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ, ʦʥ  ʿʝ ʠʟʚʨʰʠʦ ʧʦʨʝʹʝˁʝ ʘʤʧʣʠʪʫʜʘ ʦʩʮʠʣʦʚʘˁʘ ʥʘ 

ʦʜʨʝʹʝʥʠʤ ʬʨʝʢʚʝʥʮʠʿʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-12. 
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ʉʣʠʢʘ 3-11. ʇʦʨʝʹʝˁʝ ʩʧʝʢʪʨʘʥʝ ʛʫʩʪʠʥʝ ʩʥʘʛʘ -PSD ʚʝʨʪʠʢʘʣʥʠʭ ʩʠʣʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʠ ʩʠʤʫʣʘʮʠʦʿʦʤ [29] 

ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʩʧʠʪʠʚʘˁʘ ʩʢʫʧʘ, ʠ ʜʘ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʦʨʛʘʥʠʟʦʚʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪ ʥʘʤʝˁʝʥ ʚʘʣʠʜʘʮʠʿʠ ʤʦʜʝʣʘ, ʠʩʪʨʘʞʠʚʘʯʠ Iwnicky [8] ʠ 

Jaschinski [66]  ʩʫ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʩʧʨʦʚʝʣʠ ʧʦʨʝʜʝ˂ʠ ʨʝʟʫʣʪʘʪʝ ʩʠʤʫʣʘʮʠʿʘ ʩʘ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʫʤʘˁʝʥʠʤ ʤʦʜʝʣʠʤʘ ʜʝʣʦʚʘ ʠʣʠ ʢʦʤʧʣʝʪʥʠʭ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, 

ʚʦʜʝ˂ʠ ʧʨʠ ʪʦʤʝ ʨʘʯʫʥʘ ʦ ʬʠʟʠʯʢʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʫʤʘˁʝʥʦʛ ʤʦʜʝʣʘ ʚʦʟʠʣʘ [8].  

ɿʥʘʯʘʿ ʫʧʦʪʨʝʙʝ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʠ ʩʠʤʫʣʘʮʠʿʝ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʧʦʥʘʰʘˁʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʢʘʦ ʠ ʟʥʘʯʘʿ ʜʝʬʠʥʠʩʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʧʨʦʮʝʜʫʨʘ ʠ 

ʧʦʩʪʫʧʘʢʘ ʚʘʣʠʜʘʮʠʿʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʝ ʤʦʜʝʣʘ, ʧʨʠʭʚʘ˂ʝʥ ʿʝ ʠ ʥʘʟʥʘʯʝʥ ʫ ʥʦʚʠʤ 

ʧʨʦʧʠʩʠʤʘ ʠ ʧʨʝʧʦʨʫʢʘʤʘ ʤʝʹʫʥʘʨʦʜʥʝ ʫʥʠʿʝ ʞʝʣʝʟʥʠʮʘ, ʛʜʝ ʿʝ ʫ ʧʦʩʣʝʜˁʝʤ 

ʠʟʜʘˁʫ  ʧʨʦʧʠʩʘ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ UIC 518 [30] ʜʘʪʘ 

ʧʨʝʧʦʨʫʢʘ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʥʫʤʝʨʠʯʢʠʭ ʤʦʜʝʣʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʧʦʥʘʰʘˁʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. 

ʇʨʝʧʦʨʫʢʝ ʟʘ ʚʝʨʠʬʠʢʘʮʠʿʫ ʠ ʚʘʣʠʜʘʮʠʿʫ ʜʘʪʝ ʫ UIC ʧʨʦʧʠʩʠʤʘ ʩʝ ʙʘʟʠʨʘʿʫ 

ʫʛʣʘʚʥʦʤ ʥʘ ʚʘʞʝ˂ʠʤ ʧʨʦʧʠʩʠʤʘ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʠ ʚʝʨʠʬʠʢʘʮʠʿʫ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. ʇʨʝʤʘ ʜʘʪʠʤ ʧʨʝʧʦʨʫʢʘʤʘ, ʧʨʠʣʠʢʦʤ ʩʠʤʫʣʘʮʠʿʘ ʧʦʥʘʰʘˁʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʦʙʝʟʙʝʜʠʪʠ: 

- ʜʘ ʤʦʜʝʣ ʚʦʟʠʣʘ ʘʜʝʢʚʘʪʥʦ ʧʨʝʜʩʪʘʚˀʘ ʨʝʘʣʥʦ ʞʝʣʝʟʥʠʯʢʦ ʚʦʟʠʣʦ, 

- ʜʘ ʩʝ  ʩʠʤʫʣʘʮʠʿʝ ʧʦʥʘʰʘˁʘ ʠʟʚʨʰʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʩʦʬʪʚʝʨʩʢʠʤ ʘʣʘʪʠʤʘ,  

- ʜʘ ʩʝ ʦʙʝʟʙʝʜʝ ʫʩʣʦʚʠ ʢʦʿʠ ʦʜʛʦʚʘʨʘʿʫ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʝʢʩʧʣʦʘʪʘʮʠʿʝ 

(ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠʩʧʠʪʠʚʘˁʘ), 

- ʜʘ ʦʩʦʙˀʝ ʢʦʿʝ ʩʧʨʦʚʦʜʠ ʩʠʤʫʣʘʮʠʿʫ ʠ ʪʫʤʘʯʠ ʜʦʙʠʿʝʥʝ ʨʝʟʫʣʪʘʪʝ ʙʫʜʝ 

ʢʦʤʧʝʪʝʥʪʥʦ.  
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ʇʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ, ʤʦʜʝʣʠ ʚʘʛʦʥʘ ʪʨʝʙʘ ʜʘ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʩʚʝ ʨʝʣʝʚʘʥʪʥʝ ʤʘʩʝ, 

ʨʘʩʧʦʨʝʜ ʦʧʪʝʨʝ˂ʝˁʘ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʝʰʘʿʥʦʛ ʩʠʩʪʝʤʘ ï ʢʨʫʪʦʩʪ ʠ ʧʨʠʛʫʰʝˁʝ, 

ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʦʛʨʘʥʠʯʝˁʘ ʫ ʨʝʣʘʪʠʚʥʦʤ ʢʨʝʪʘˁʫ ʜʝʣʦʚʘ ʠ ʩʢʣʦʧʦʚʘ, ʬʣʝʢʩʠʙʠʣʥʦʩʪ 

ʧʦʿʝʜʠʥʠʭ ʤʘʩʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝʤ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ, ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʥʪʘʢʪʘ 

ʪʦʯʢʘ ʠ ʰʠʥʝ, ʢʘʦ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʢʨʫʪʦʩʪʠ ʢʦʣʦʩʝʢʘ. 

 

ʉʣʠʢʘ 3-12. ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʫ ʬʨʝʢʚʝʥʪʥʦʤ ʜʦʤʝʥʫ ʧʨʠʤʝʥʦʤ ʛʨʘʬʠʯʢʠʭ ʤʝʪʦʜʘ 

ʚʘʣʠʜʘʮʠʿʝ 

ɼʦʤʝʥ ʚʘʣʠʜʘʮʠʿʝ ʿʝ ʧʦʜʝˀʝʥ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʜʝʣʘ, ʠ ʪʦ: 1) ʥʘ ʪʝʩʪʦʚʝ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ 

ʥʘ ʩʪʘʪʠʯʢʝ ʠ ʢʚʘʟʠ-ʩʪʘʪʠʯʢʝ ʫʩʣʦʚʝ ʠ 2) ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʜʠʥʘʤʠʯʢʦ ʧʦʥʘʰʘˁʝ 

ʚʦʟʠʣʘ. ɿʘ ʩʚʘʢʠ ʦʜ ʜʝʬʠʥʠʩʘʥʠʭ ʜʦʤʝʥʘ ʜʘʪʝ ʩʫ ʧʨʝʧʦʨʫʢʝ ʟʘ ʚʨʩʪʫ ʠ ʫʩʣʦʚʝ 

ʪʝʩʪʦʚʘ ʢʦʿʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʩʧʨʦʚʝʜʫ. ʊʝʩʪʦʚʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʩʫ, ʫ ʦʩʥʦʚʠ, ʠ ʜʘˀʝ 

ʙʘʟʠʨʘʥʠ ʥʘ ʧʨʦʧʠʩʠʤʘ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ. ʇʘʨʘʤʝʪʨʠ ʟʘ 

ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʧʨʝʤʘ ʜʘʪʠʤ ʧʨʝʧʦʨʫʢʘʤʘ, ʩʫ ʠʩʪʠ 

ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʩʣʫʞʝ ʟʘ ʦʮʝʥʫ ʧʦʥʘʰʘˁʘ ʞʝʣʝʟʥʠʯʢʦʛ ʚʦʟʠʣʘ ʧʨʠʣʠʢʦʤ 

ʩʝʨʪʠʬʠʢʘʮʠʿʝ ʚʦʟʠʣʘ.  
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ʉʣʠʢʘ 3-13. ʇʦʨʝʹʝˁʘ ʙʦʯʥʠʭ ʩʠʣʘ ʫ ʧʨʦʩʪʦʨʥʦʤ ʜʦʤʝʥʫ ʜʦʙʠʿʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʠʩʧʠʪʠʚʘˁʝʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ  

ɺʘʣʠʜʘʮʠʿʘ ʤʦʜʝʣʘ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʧʨʝʤʘ UIC ʧʨʝʧʦʨʫʢʘʤʘ, ʟʘʩʥʠʚʘ ʩʝ ʥʘ 

ʛʨʘʬʠʯʢʦʤ ʧʦʨʝʹʝˁʫ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʩʝʨʪʠʬʠʢʘʮʠʿʫ ʚʦʟʠʣʘ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ. ʇʨʝʤʘ ʧʨʝʧʦʨʫʢʘʤʘ, ʧʘʨʘʤʝʪʨʝ 

ʪʨʝʙʘ ʜʘ ʧʦʨʝʜʠʪʠ ʧʫʪʝʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʘʬʠʢʦʥʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʣʠ ʧʨʦʩʪʦʨʥʦʤ 

ʜʦʤʝʥʫ, ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʢʘʤ 3-13 ʠ 3-14 , ʢʘʦ ʠ ʧʦʨʝʹʝˁʘ ʩʧʝʢʪʨʘʣʥʠʭ ʛʫʩʪʠʥʘ 

ʩʥʘʛʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʫʙʨʟʘˁʘ ʠ ʩʠʣʘ, ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-15.  

ʆʮʝʥʘ ʦ ʜʠʥʘʤʠʯʢʦʤ ʧʦʥʘʰʘˁʫ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʩʝ ʜʘʿʝ ʥʘ ʦʩʥʦʚʫ ʩʨʝʜˁʠʭ 

ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʠʟʨʘʯʫʥʘʪʠʭ ʥʘʜ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʜʝʦʥʠʮʘʤʘ, ʟʘ ʦʜʨʝʹʝʥʠ ʪʠʧ 

ʢʦʣʦʩʝʢʘ, ʠ ʥʘ ʦʩʥʦʚʫ ʚʘʨʠʿʘʮʠʿʝ ʧʦʩʤʘʪʨʘʥʠʭ ʩʠʛʥʘʣʘ, ʰʪʦ ʿʝ ʠʩʢʘʟʘʥʦ 

ʩʪʘʪʠʩʪʠʯʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʩʠʛʥʘʣʘ ʠʟ ʢʫʤʫʣʘʪʠʚʥʠʭ ʬʫʥʢʮʠʿʘ ʟʘ ʚʝʨʦʚʘʪʥʦ˂ʝ 

ʧʦʿʘʚʝ ʦʜ 0,15% ʠ 99,85%. ʂʘʢʦ ʙʠ ʩʝ ʦʤʦʛʫ˂ʠʣʦ ʢʦʤʧʣʝʪʥʠʿʝ ʧʦʨʝʹʝˁʝ ʩʠʛʥʘʣʘ, 

UIC ʿʝ ʧʨʝʧʦʨʫʯʠʦ ʜʘ ʩʝ ʧʦʨʝʜ ʩʪʘʥʜʘʨʜʥʠʭ ʧʦʨʝʹʝˁʘ ʠʟʚʨʰʝ ʠ ʧʦʨʝʹʝˁʘ ʩʨʝʜˁʠʭ 

ʠ ʝʢʩʪʨʝʤʥʠʭ ʚʨʝʜʥʦʩʪʠ ʩʠʛʥʘʣʘ, ʢʘʦ ʰʪʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 3-16. 
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ʉʣʠʢʘ 3-14, ʇʦʨʝʹʝˁʝ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʙʦʯʥʦʤ ʧʨʘʚʮʫ ʜʦʙʠʿʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ ʠ ʩʠʤʫʣʘʮʠʿʦʤ  

ʅʘʢʦʥ ʛʝʥʝʨʠʩʘˁʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʛʨʘʬʠʯʢʠʭ ʧʨʠʢʘʟʘ ʧʘʨʘʤʝʪʘʨʘ, ʦʮʝʥʫ 

ʚʘʣʠʜʥʦʩʪʠ ʤʦʜʝʣʘ ʪʨʝʙʘ ʢʦʥʘʯʥʦ ʜʘ ʜʘʿʫ ʦʜʘʙʨʘʥʠ ʝʢʩʧʝʨʪʠ ʠʟ ʦʙʣʘʩʪʠ 

ʞʝʣʝʟʥʠʯʢʦʛ ʤʘʰʠʥʩʪʚʘ, ʢʦʿʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʠʤʘʿʫ ʠʩʢʫʩʪʚʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ 

ʠʩʧʠʪʠʚʘˁʫ, ʤʦʜʝʣʠʨʘˁʫ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʢʘʦ ʠ ʫ ʦʙʨʘʜʠ ʩʠʛʥʘʣʘ. ʇʦʩʪʫʧʘʢ 

ʚʘʣʠʜʘʮʠʿʝ, ʜʝʬʠʥʠʩʘʥ ʥʘ ʦʚʘʿ ʥʘʯʠʥ, ʠʟʨʘʟʠʪʦ ʿʝ ʩʫʙʿʝʢʪʠʚʘʥ ʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ 

ʟʘʚʠʩʠ ʦʜ ʠʩʢʫʩʪʚʘ ʦʩʦʙʝ ʢʦʘʿ ʚʨʰʠ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ. 

 

ʉʣʠʢʘ 3-15. ʇʦʨʝʹʝˁʝ ʩʧʝʢʪʨʘʣʥʠʭ ʛʫʩʪʠʥʘ ʩʥʘʛʘ ʫʙʨʟʘˁʘ ʩʘʥʜʫʢʘ ʚʘʛʦʥʘ ʫ ʙʦʯʥʦʤ 

ʧʨʘʚʮʫ ʜʦʙʠʿʝʥʠʭ ʩʠʤʫʣʘʮʠʿʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʩʧʠʪʠʚʘˁʝʤ  

ɼʝʬʠʥʠʩʘˁʝ ʢʨʠʪʝʨʠʿʫʤʘ ʠ ʛʨʘʥʠʯʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘ ʚʘʣʠʜʘʮʠʿʫ ʤʦʜʝʣʘ 

ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ ʧʨʝʜʩʪʘʚˀʘ ʧʦʩʝʙʘʥ ʠʟʘʟʦʚ. ʇʦʢʫʰʘʿ ʜʝʬʠʥʠʩʘˁʘ ʤʝʪʦʜʝ 

ʚʘʣʠʜʘʮʠʿʝ ʫʟ ʘʥʛʘʞʦʚʘˁʝ ʝʢʩʧʝʨʘʪʘ ʠʟ ʦʙʣʘʩʪʠ ʞʝʣʝʟʥʠʯʢʦʛ ʤʘʰʠʥʩʪʚʘ ʿʝ 

ʧʨʠʢʘʟʘʥ ʫ ʠʩʪʨʘʞʠʚʘˁʠʤʘ O.Polach-a [65]. ʅʘ ʦʩʥʦʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ 

ʠʩʧʠʪʠʚʘˁʘ ʯʝʪʠʨʠ ʚʨʩʪʝ ʞʝʣʝʟʥʠʯʢʠʭ ʚʦʟʠʣʘ, ʠʟʚʨʰʝʥʦʛ ʧʨʠʣʠʢʦʤ ʧʨʦʣʘʩʢʘ 

ʢʦʤʧʦʟʠʮʠʿʝ ʢʨʦʟ ʯʝʪʠʨʠ ʝʚʨʦʧʩʢʝ ʟʝʤˀʝ, ʠ ʥʘ ʦʩʥʦʚʫ ʨʝʟʫʣʪʘʪʘ ʜʦʙʠʿʝʥʠʭ 

ʩʠʤʫʣʘʮʠʿʦʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʦʜʝʣʘ ʫ ʥʝʢʦʣʠʢʦ ʨʘʟʣʠʯʠʪʠʭ ʩʦʬʪʚʝʨʩʢʠʭ ʧʘʢʝʪʘ, 
















































































































































































































































































