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ʵʶʽʴ˃ʱˍ˖˄ ˃ʶ ˋˁˇˉˈ ˍʹ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍʰ 

ˋˍʰˍʽˋˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃˗˄ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁ˗ˌ ʰ˄ʶ˅ʱˊˍʹˍʰΣ ʹ ʶ˄ˇˉˇʾʹˋʹ 

ʷ˔ʶʽ ˖ˌ h̄ ˇˍʷ˂ʶˋ˃ʰ ˍʹ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ 

ʰ˒ˇˏ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˍˇ ˇˉˇʾˇ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ 

ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˃ʹˁ˗˄ ό˃ʷʻˇʵˇˌ 

ˋˍʰʻ˃˗˄-ʶˍ˗˄ύΦ ʍˋˍˈˋˇΣ ʹ ʶ˄ˇˉˇʾʹˋʹ ʶʾ˄ʰʽ ʶˉʽˍˊʶˉˍʺ ˁʰʽ ˈˍʰ˄ ˎˉʱˊ˔ʶʽ ˋˍˇ˔ʰˋˍʽˁʺ 

ʶ˅ʱˊˍʹˋʹΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʲʷʲʰʽʰ ʰˎˍʺ ʹ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʵʶ˄ 

ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ʾʵʽˇ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˍʹ˄ 

ˉʰˊˇˏˋʰ ˃ʶˍʰˉˍˎ˔ʽʰˁʺ ʶˊʴʰˋʾʰ ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ʶ˄ˇˉˇʾʹˋʹˌ ˁʰʽ ʹ 

ˋˎ˄ʶˉʰʴˈ˃ʶ˄ʹ ʰˏ˅ʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌΣ ʶˁ˒ˊʰˋ˃ʷ˄ʹ ˋʶ ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˋˍʰʻ˃˗˄Σ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˍʹˌ ˏˉʰˊ˅ʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ 

ʶ˅ʱˊˍʹˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʃʰˊʱ˂˂ʹ˂ʰΣ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ˄ʰ 

ʶ˄ˍˇˉʽˋˍʶʾ ˁʰʽ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ʹ ʰʵˎ˄ʰ˃ʾʰ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ 

ˋˍˇ˔ʰˋˍʽˁʺ ˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Σ ˗ˋˍʶ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ʰʲʶʲʰʽˈˍʹˍʰ 

ˉˇˎ ʶʽˋʱʴʶʽ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ʹ ʰˉ˂ˇˉˇʽʹˍʽˁʺ ʻʶ˗ˊʹˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˔ˊˇ˄ʽˁʱ 

ʰ˄ʶ˅ʱˊˍʹˍ˖˄. 
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Abstract 

In the case that more than one natural time series are available in different measuring 

stations, or in the same station for different timescales, the issue of the simultaneous study 

of the all samples arises in order to improve the reliability of the estimations, assuming that 

the homogeneity hypothesis stands for the study region. If the at-site statistical samples are 

assumed independent and identically distributed (IID), the unification of samples results in a 

significant increase of the reliability of the results since the length of the overall sample, 

which represents the reliability of the statistical estimations, equals the sum of the at-site 

lengths (station-years method). However, the unification is acceptable and in the cases that 

intersite correlation exists but in such cases the reliability does not increase in the same 

manner as in the cases of stochastically independent samples. In the present master thesis, 

the possibility of unification and the respective increase of reliability are investigated. The 

latter is quantified in terms of the effective number of independent sites, whose uncertainty 

is equal to that in the case of intersite correlation. It turns out that the intersite correlations 

results in a dramatic increase of uncertainty in statistical estimation in comparison to the 

results produced bt the simplifying assumption of serially independent samples. This 

indicates the weakness of the classical statistics to define the stochastic nature of the 

hydrological processes and the importance of considering the autocorrelation and cross-

correlation properties of hydrological processes. 
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Extended abstract 

Introduction 

The study made in the framework of this master thesis concerns the concept of the so-

called substitution of space for time through the transfer of information from other sites in 

order to improve the information gained at a site. If the regional samples do not exhibit 

either spatial or temporal correlation the unification of records at different locations results 

in a significant increase of the reliability of the results since the length of the overall sample, 

which represents the reliability of the statistical estimations, equals the sum of the at-site 

lengths (station-years method). However, the integration is possible and in the cases of 

samples which exhibit spatial correlation. Still, in such cases the reliability ŘƻŜǎƴΩǘ ƛƴŎǊŜŀǎŜ ƛƴ 

the same way as in the cases of stochastically independent samples.  

The main aim of the thesis thus, was to investigate, through simulation, this possibility 

of integration in the cases of samples that exhibit spatial correlation and to express the 

resulting increase of reliability in terms of effective number of independent sites. Besides 

the main aim described above, an additional objective was to compare the estimations 

derived from the Monte Carlo experiments with the existing corresponding analytical 

relations. In the cases of weakness detected to express the effective number of independent 

sites through those analytical relations, effort was given to improve the existing relations or 

to establish a new relation to express the equivalent number of independent sites as a 

function of the correlation coefficient. 

Method overview 

In order to make the study of substitution of space for time possible, a series of Monte 

Carlo experiments were conducted to determine the sequences to represent the 

investigated samples. In this thesis the samples were assumed to be Gaussian with sample 

mean ‘ and standard deviation „.  

The estimation of the equivalent number of independent sites was initially conducted 

under the assumption of serially independent samples, hence under the assumption of 

samples which exhibit zero autocorrelation. The estimation of the effective number of 

stations in that case, was then based on the estimation of the variance of the sample mean, 
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on the estimation of the variance of the sample variance and on the estimation of the 

empirical return period. For the first two estimations, there are corresponding analytical 

relations which express the effective number of sites as a function of the cross-correlation 

coefficient (Yule, 1945 and Stedinger, 1983, respectively).  

The same approach, i.e. conduction of simulation Monte Carlo for the estimation of 

the effective number of independent sites based on the estimations described above, was 

adopted in the case of samples serially dependent, adopting two different approaches 

accounting for the kind of the autocorrelation structure of the investigated samples. The first 

approach refers to samples which exhibit short term persistence (STP) and in order to 

generate sequences consistent to that kind of behavior the simplest STP model was used, 

which is the AR(1) model. The second approach refers to samples that exhibit long term 

persistence (LTP). Several models, such as fractional Gaussian noise (FGN) models have been 

proposed to reproduce the dynamics of the Hurst ς Kolmogorov phenomenon. In this study 

a multiple time-scale fluctuation approach is used to generate samples that exhibit LTP, 

which implies that the sum of three Markovian processes can give an acceptable 

approximation of the FGN autocorrelation function on the basic time scale (Koutsoyiannis, 

2002). 

Statistical analysis of serially independent samples 

As it has been already mentioned, the main objective of this thesis was to investigate, 

through simulation, the possibility of integrating at-site cross-correlated samples so as to 

quantify the information gained in terms of effective number of independent sites. In order 

to express the problem described above a linear stochastic model was developed to describe 

the stochastic stationary process ὢ ὸ to represent the investigated samples. Hence, Monte 

Carlo experiments were conducted to generate for each station 10,000 realizations of the 

stochastic process ὢ ὸ each of length ὲ υπ.   

An estimation of the equivalent number of independent sites follows, through the 

statistical analysis of the overall sample, based on three different estimations̃ estimation of 

the variance of the sample mean estimator, estimation of the variance of the sample 

variance estimator and estimation based on the empirical return period of the maximum 

value of the overall sample.  
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The results of the above estimations of the equivalent number of independent sites as 

a function of the cross-correlation coefficient are presented at the following diagram (Figure 

1) for number of stations Ὧ ρπ. We can observe that, for the estimation based on the 

variance of the sample mean estimator, the equivalent number of independent sites Ὧ 

equals only the πȢρψ ÏÆ  Ὧ, for ὶ πȢυ. This estimation is clearly higher for the cases of 

estimation based on the variance of the sample variance estimator and estimation based on 

the empirical return period, hence πȢσς ÏÆ  Ὧ and πȢχυ ÏÆ  Ὧ, respectively. 

 
Figure 1: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for number of stations ▓  

Statistical analysis of serially dependent samples ς Markov model 

The above simplifying assumption of serially uncorrelated samples fails to reproduce 

the stochastic nature of the hydrological processes. In the framework of this master thesis, 

an approach taking into consideration the short term persistence that hydrological samples 

exhibit is initially adopted. Thus, in order to generate sequences to represent the 

investigated samples which exhibit STP, the Multivariate Autoregressive model MAR(1) was 

used.  
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Given that the stochastic stationary process ὢ ὸ is described by the MAR(1), Monte 

Carlo experiments were conducted to generate for each station 10,000 realizations of the 

stochastic process ὢ ὸ each of length ὲ υπ. 

As in the case of serially independent samples an estimation of the equivalent number 

of independent sites follows, through the statistical analysis of the overall sample, based on 

three different estimations̃ estimation of the variance of the sample mean estimator, 

estimation of the variance of the sample variance estimator and estimation based on the 

empirical return period of the maximum value of the overall sample.  

However, in this case the equivalent number of independent sites refers to samples of 

length ὲ ὲ, where ὲ  stands for the equivalent sample size in the classical statistics 

sense. Thus, for each one of the at-site samples three different effective sample sizes were 

calculated for the estimations based on the variance of the sample mean estimator, the 

variance of the sample variance estimator and for the estimation based on the empirical 

return period. 

The estimations of the equivalent sample size versus the autocorrelation coefficient 

and the estimations of the equivalent number of independent sites as a function of the 

cross-correlation coefficient for autocorrelation coefficient ” πȢςȟπȢτȟπȢφ ÁÎÄ πȢψ are 

presented at the following diagrams (Figure 2 and Figures 3, 4, 5 and 6, respectively) for 

number of stations Ὧ ρπ. 
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Figure 2: Equivalent sample size ▪╪◊◄▫  versus the autocorrelation coefficient  ⱬ for sample size 

▪   

 
Figure 3: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 
▓  
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Figure 4: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 
▓  

 
Figure 5: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 
▓  
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Figure 6: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 
▓  

Statistical analysis of serially dependent samples ς SSS model 

Although the approach described above takes into consideration the serial correlation 

that the hydrological samples exhibit reproducing their short term persistence fails to 

reproduce the long term memory that is observed in hydrological processes. Hence, in the 

framework of this study in order to generate sequences to represent the investigated 

samples that exhibit LTP a multiple time-scale fluctuation approach is used which implies 

that the sum of three Markovian processes can give an acceptable approximation of the FGN 

autocorrelation function on the basic time scale.  

Exactly as in the Markovian approach, an estimation of the equivalent number of 

independent sites follows, through the statistical analysis of the overall sample, based on the 

variance of the sample mean estimator, the variance of the sample variance estimator and 

estimation based on the empirical return period of the maximum value of the overall 

sample. In this case too, the equivalent number of independent sites refers to samples of 

length ὲ  which is calculated the same way as in the case of samples which exhibit STP. 
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The estimations of the equivalent sample size versus the Hurst exponent H and the 

estimations of the equivalent number of independent sites as a function of the cross-

correlation coefficient for Hurst exponent Ὄ πȢυυȟπȢφȟπȢχȟπψ ÁÎÄ πȢω are presented at 

the following diagrams (Figure 7 and Figures 8, 9, 10, 11 and 12, respectively) for number of 

stations Ὧ ρπ. 

 

 
Figure 7: Equivalent sample size ▪╪◊◄▫  versus the Hurst exponent ╗ for sample size ▪   
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Figure 8: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ  and for number of stations ▓  

 
Figure 9: Equivalent number of independent sites as a function of the cross-correlation coefficient ►░▒ 

between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  
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Figure 10: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  

 
Figure 11: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  
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Figure 12: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  

Attempt to establish a relation to express the equivalent number of independent 

sites as a function of the correlation coefficient 

In the framework of the study of substitution of space for time, effort was given to 

adjust the existing analytical expressions of the equivalent number of independent sites in 

order to fit the corresponding estimations through simulation (Yule, 1945 and Stedinger, 

1983 for the estimations based on the variances of the sample mean and the sample 

variance, respectively). For the estimation of the equivalent number of independent sites 

based on the empirical return period of the maximum value of the overall sample the 

expression of the equivalent number introduced by Koutsoyiannis et al. (2010) was adjusted 

so as to become consistent to the corresponding estimations through simulation. 

Thus, for every case studied in this thesis and for every estimation of the equivalent 

number of independent sites made a graphical illustration of the adjustments occurred 

(through a series of Monte Carlo experiments) follows, for Ὧ ρπ. Adjustments were made 

only in cases that the existing expressions were found inconsistent to the corresponding 

estimations through simulation.  
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ü Case of serially independent samples (Figure 13) 

 
Figure 13: Equivalent number of independent sites as a function of the cross-correlation coefficient 

►░▒ between the stations ░ȟ▒ for number of stations ▓  

ü Case of serially dependent samples- Markov model (Figures 14, 15, 16 and 17 
for ” πȢςȟπȢτȟπȢφ ÁÎÄ πȢψ, respectively) 

 
Figure 14: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 

▓  
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Figure 15: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 

▓  

 
Figure 16: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 

▓  
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Figure 17: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for autocorrelation coefficient  ⱬ Ȣ and for number of stations 

▓  

ü Case of serially dependent samples- SSS model (Figures 18, 19, 20, 21 and 22 
for Ὄ πȢυυȟπȢφȟπȢχȟπψ ÁÎÄ πȢω, respectively)

 

Figure 18: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ  and for number of stations ▓  
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Figure 19: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  

 
Figure 20: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  
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Figure 21: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  

 
Figure 22: Equivalent number of independent sites as a function of the cross-correlation coefficient 
►░▒ between the stations ░ȟ▒ for Hurst exponent ╗ Ȣ and for number of stations ▓  
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Conclusions ς Suggestions for further investigation 

The results of the investigations allow us to conclude that all relationhips derived show 

satisfactory agreement with the corresponding estimations through simulation. Special care 

has been given to the development of these relationships in a manner that the 

corresponding relationships of serially independent samples is recovered when zero 

autocorrelation is substituted to the former.  

It must be pointed out that in this thesis some simplifying assumptions were made 

which may affect the applicability of the results. Further analysis should investigate the 

effects of the following issues 

ü Different values of intersite correlations 

ü Different autocorrelation model 

ü Different series lengths within the region 

ü Non Gaussian distribution of variables. 
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1 ɳʽˋʰʴ˖ʴʺ 

1.1 ʅˍˈ˔ˇˌ ʷˊʶˎ˄ʰˌ 

ɶ ʷˊʶˎ˄ʰ ˉˇˎ ̄ˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˋˍʰ ˉ˂ʰʾˋʽʰ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʰ˒ˇˊʱ ˋˍʹ 

ʵˎ˄ʰˍˈˍʹˍʰ ʰ˅ʽˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ 

ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ 

ɳˁˍˈˌ ˍˇˎ ʲʰˋʽˁˇˏ ˋˍˈ˔ˇˎ ˉˇˎ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹΣ ˃ʷˋ˖ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ 

ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˄ˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ 

ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˋˎ˄ʶˉʰʴˈ˃ʶ˄ʹˌ ʰˏ˅ʹˋʹˌ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌΣ ˎˉʺˊ˅ʰ˄ ˁʰʽ ʵˏˇ ʶˉʽ˃ʷˊˇˎˌ 

ˋˍˈ˔ˇʽΦ ʁ ˉˊ˗ˍˇˌ ʷ˔ʶʽ ˄ʰ ˁʱ˄ʶʽ ˃ʶ ˍʹ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʺʵʹ 

ˎˉʱˊ˔ˇˎˋʶˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌΣ ʶ˄˗ ˇ ʵʶˏˍʶˊˇˌ ʰ˒ˇˊʱ ˋˍʹ ˄ˉˊˇˋˉʱʻʶʽʰ ʲʶ˂ˍʾ˖ˋʹˌ ˍ˖˄ 

ʺʵʹ ˎ̄ʰˊ˔ˇˎˋ˗˄ ʺ ˋˍʹ˄ ˉˊˇˋʰˊ˃ˇʴʺˌ ˃ʾʰˌ ˄ʷʰˌ ˋ˔ʷˋʹˌ ʷˁ˒ˊʰˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Σ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˎ˒ʽˋˍʱ˃ʶ˄ʹ ˋˎˋ˔ʷˍʽˋʹ ˍ˖˄ ˎˉˈ ʶ˅ʷˍʰˋʹ ʵʶʽʴ˃ʱˍ˖˄Φ 

ɶ ʰ˅ʽˇˉˇʾʹˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˃ʶ ʶ˄ˇˉˇʾʹˋʹΣ ˋˍˇ˔ʶˏʶʽ ˋˍʹ 

˂ʶʴˈ˃ʶ˄ʹ ζˎˉˇˁʰˍʱˋˍʰˋʹ ˍˇˎ ˔ˊˈ˄ˇˎ ʰˉˈ ˍˇ ˔˗ˊˇη*Σ ʵʹ˂ʰʵʺ ˋˍʹ ʻʶ˗ˊʹˋʹ ʵʶʽʴ˃ʱˍ˖˄ ʰˉˈ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ ˖ˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ʶ˄ʽʰʾˇˎ ʵʶʾʴ˃ʰˍˇˌ ʰˉˈ ˎˉˇʻʶˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹ ˔ˊˇ˄ʽˁʺ 

ʵʽʱˊˁʶʽʰ ˉʰˊʰˍʹˊʺˋʶ˖˄ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ нлмлύ. ɳʾ˄ʰʽ ʴ˄˖ˋˍˈ ˈˍʽ ˋʶ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍʰ 

ˋˍʰˍʽˋˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃˗˄ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁ˗ˌ ʰ˄ʶ˅ʱˊˍʹˍʰΣ ʹ ʶ˄ˇˉˇʾʹˋʹ 

ʷ˔ʶʽ ˖ˌ h̄ ˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ 

ʰ˒ˇˏ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˍˇ ˇˉˇʾˇ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ 

ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˃ʹˁ˗˄ ό˃ʷʻˇʵˇˌ 

ˋˍʰʻ˃˗˄-ʶˍ˗˄ύ όɼˇˎˍˋˇʴʽʱ˄˄́ ˌΣ мффтύΦ  

ɶ ˉˊˇˋˉʱʻʶʽʰ ˉˊˇˋʰˊ˃ˇʴʺˌ ˃ʾʰˌ ˄ʷʰˌ ˋ˔ʷˋʹˌ ʷˁ˒ˊʰˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ˋˍʰʻ˃˗˄ ˋˍˇ˔ʶˏʶʽ ˋˍˇ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ˍˈˋˇ ʹ ˋˍˇ˔ʰˋˍʽˁʺ ʶ˅ʱˊˍʹˋʹ ˉˇˎ ʵʽʷˉʶʽ ˍʽˌ 

ˎʵˊˇ˂ˇʴʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌΣ ˈˋˇ ˁʰʽ ʹ ʵˇ˃ʺ ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄Φ ɳ˄˗ ˂ˇʽˉˈ˄ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˄ʰ ˉˊˇˋʶʴʴʾʸˇˎ˄ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋ˔ʷˋʶ˖˄ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰˍʽˋˍʽˁ˗ˌ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ 

ʵʶʽʴ˃ʱˍ˖˄Σ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˃ʶʴʱ˂ʹ ʰˉˈˁ˂ʽˋʹ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˎˉʱˊ˔ˇˎˋʰˌ ʽˋ˔ˎˊʺˌ ʵˇ˃ʺˌ 

                                                             
*
 ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˃ʷʻˇʵˇˌ ˍʹˌ ʰ˅ʽˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ 
ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˉˊˇˍʱʻʹˁʶ ʰˉˈ ˍˇ˄ Hazen (1914). 
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ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΣ ˂ˈʴ˖ ʰʵˎ˄ʰ˃ʾʰˌ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ ˄ʰ ˂ʱʲʶʽ ˎˉˈ˕ʹ ˍʹ ˋˍˇ˔ʰˋˍʽˁʺ 

˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ 

1.2 ɾʶʻˇʵˇ˂ˇʴʾʰ ˋˍˇ˔ʰˋˍʽˁʺˌ ς ̀ ˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌκˉˊˇˋʷʴʴʽˋʹˌ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˁʰˍʰˋˍʶʾ ʵˎ˄ʰˍʺ ʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʰ˅ʽˇˉˇʾʹˋʹˌ 

ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʶˉʶ˂ʷʴʹ ʹ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte 

Carlo ˃ʶ ˍʹ ʴʷ˄ʶˋʹ ˍˎ˔ʰʾ˖˄ ʰˊʽʻ˃˗˄ ʵʶʵˇ˃ʷ˄ʹˌ ˁʰˍʰ˄ˇ˃ʺˌ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʱˋˍʰˋʹ ˍ˖˄ ˎˉˈ 

ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʻʶ˖ˊʺʻʹˁʶ ˉ˖ˌ 

ˍʰ ˎˉˈ ʶ˅ʷˍʰˋʹ ʵʶʾʴ˃ʰˍʰ ʰˁˇ˂ˇˎʻˇˏ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˃ʷˋˇ ˈˊˇ 400 ˁʰʽ ˍˎˉʽˁʺ 

ʰˉˈˁ˂ʽˋʹ 100.  

ɳˉʽ˔ʶʽˊʺʻʹˁʶ ˂ˇʽˉˈ˄Σ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ʰˊ˔ʽˁʱ ˃ʶ ˍʹ˄ 

ˉʰˊhɻ ˇ˔ʺ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʵʹ˂ʰʵʺ ˃ʶ ˍʹ ʻʶ˗ˊʹˋʹ 

˃ʹʵʶ˄ʽˁʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˁʰʻʷ˄ʰ ʰˉˈ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰˍʰΦ  ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʹ 

ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ˃ʶ ʰˁˊʾʲʶʽʰ ˄ʰ ˉʶˊʽʴˊʱ˕ʶʽ ˍʹ ˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʽʰʵʽˁʰˋʽ˗˄Φ  

ɶ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ʲʰˋʾˋˍʹˁʶ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ 

ʵʽʰˋˉˇˊʱˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ 

ʵʽʰˋˉˇˊʱˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹΦ ɱʽʰ ˍʽˌ ʵˏˇ ʰˎˍʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ˎˉʱˊ˔ˇˎ˄ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ʵʾʵˇˎ˄ ˍˇ˄ ʽˋˇʵˏ˄ʰ˃ˇ ʰˊʽʻ˃ˈ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ 

ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˎˉʱˊ˔ˇˎˋʰˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ˍˇˎ ʵʽʰʻʷˋʽ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ όYule, 

1945 ˁʰʽ {ǘŜŘƛƴƎŜǊ, 1983, h ˄ˍʾˋˍˇʽ˔ʰύΦ ʃʰˊʱ˂˂ʹ˂ʰ ʶˉʽ˔ʶʽˊʺʻʹˁʶ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ 

ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ 

ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ Φ 

ɶ ʾʵʽʰ ʵʽʰʵʽˁʰˋʾʰΣ ʵʹ˂ʰʵʺ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ʲʱˋʶʽ ˍ˖˄ ʰ˄˖ˍʷˊ˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˃ʶ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte CarloΣ ʶ˒ʰˊ˃ˈˋˍʹˁʶ ˁʰʽ ˋˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˔ˊˇ˄ʽˁʱ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʰˁˇ˂ˇˎʻ˗˄ˍʰˌ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁʷˌ 

ˉˊˇˋʶʴʴʾˋʶʽˌ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ ʵˇ˃ʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄Φ ɶ ˉˊ˗ˍʹ 

ˉˊˇˋʷʴʴʽˋʹ ʰ˒ˇˊʱ ˋˍʹ ʴʷ˄ʶˋʹ ʰˊʽʻ˃˗˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˋˍʱˋʽ˃ˇˎ ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍˇ ˏ

˃ˇ˄ˍʷ˂ˇˎ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˍʱ˅ʹˌ мΣ MAR(1)Σ ˍˇ ˇˉˇʾˇ ʵʽʰˍʹˊʶʾ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˃ˇ˄ʰʵʽʰʾˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰΣ ˃ʶˍʰ˅ˏ ˃ʶˍʰʲ˂ʹˍ˗˄ ˍʹˌ ʾʵʽʰˌ ʻʷˋʹˌ 
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(ʲ́ ʰ˔ˎˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ - ɾʰˊˁˇʲʽʰ˄ʺ ˉˊˇˋʷʴʴʽˋʹύΦ ɶ ʵʶˏˍʶˊʹ ˉˊˇˋʷʴʴʽˋʹ ʰ˒ˇˊʱ ˋˍʹ 

ʴʷ˄ʶˋʹ ʰˊʽʻ˃˗˄ ˃ʶ ˍʹ ˔ˊʺˋʹ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ʰ˄ʰˉʰˊʰʴʱʴˇˎ˄ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ - 

˒ʰʽ˄ˈ˃ʶ˄ˇ Hurst - ̄ ˇˎ ʵʽʷˉʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌ όʰ˄ʶ˂ʾ˅ʶʽˌ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌύΦ  

1.3 ɲʽʱˊʻˊ˖ˋʹ ʶˊʴʰˋʾʰˌ 

ɶ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʶ˒ˍʱ ˁʶ˒ʱ˂ʰʽʰ ˁʰʽ ˍʷˋˋʶˊʰ ˉʰˊʰˊˍʺ˃ʰˍʰΦ ʆˇ 

ˉʰˊˈ˄ ʶʽˋʰʴ˖ʴʽˁˈ ˁʶ˒ʱ˂ʰʽˇ όɼʶ˒ʱ˂ʰʽˇ мύΣ ˇˊʽˇʻʶˍʶʾ ˍˇ ˋˍˈ˔ˇ ˍʹˌ ʶˊʴʰˋʾʰˌ ˁʰʽ ˉʶˊʽʴˊʱ˒ʶʽ 

ˍʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˊˇˋʷʴʴʽˋʹˌ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʷˊʶˎ˄ʰˌΦ 

ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ н ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʽʰ ʲʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʶˉʽˋˁˈˉʹˋʹ ˍʹˌ ˍʶ˔˄ʽˁʺˌ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˍ˖˄ ʺʵʹ ˎˉʰˊ˔ˈ˄ˍ˖˄ ˋˍˇ˔ʰˋˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ʴʽʰ 

ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʺ ˍʹˌΦ ʃʰˊʱ˂˂ʹ˂ʰ ʴʾ˄ʶˍʰʽ ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ  ˉˊˇˋˉʱʻʶʽʶˌ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ 

ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʶ˄ˇˉˇʽʹ˃ʷ˄˖˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˉˇˎ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˃ʷ˔ˊʽ ˋˍʽʴ˃ʺˌ ˁʰʽ 

ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ 

ɮˁˇ˂ˇˎʻʶʾΣ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ оΣ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ 

˃ʶ ̱̀ ʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ 

ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˃ʶ ˍʹ˄ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰ˄ʶ˅ʱˊˍʹˍʰ ˔ˊˇ˄ʽˁʱ ʵʶʾʴ˃ʰˍʰΣ 

ʵʹ˂ʰʵʺ ʵʶʾʴ˃ʰˍʰ ˃ʹʵʶ˄ʽˁʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΦ 

ɶ ʾʵʽʰ ʵʽʰʵʽˁʰˋʾʰΣ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˉ˂ʷˇ˄ ʰ˄ʱ˂ˎˋʹˌΣ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ 

пΣ ʴʽʰ ʵʶʾʴ˃ʰˍʰ ʶ˅ʰˊˍʹ˃ʷ˄ʰ ˍˈˋˇ ˔ˊˇ˄ʽˁʱ ˈˋˇ ˁʰʽ ˔˖ˊʽˁʱΦ 

ʅˍˇ ɼʶ˒ʱ˂ʰʽˇ р ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʰ˄ʰ˂ˏˋʶ˖˄ ˁʰʽ 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˏʴˁˊʽˋʹ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ 

ʶˁˍʽ˃ʺˋʶ˖˄ ˉˇˎ ʵʾʵˇˎ˄ ʺʵʹ ˎˉʱˊ˔ˇˎˋʶˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌΦ 

ɮˁˇ˂ˇˎʻʶʾΣ ˋˍˇ ɼʶ˒ʱ˂ʰʽˇ 6, ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ˉˊˇˋˉʱʻʶʽʰˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˃ʾʰˌ 

ˋ˔ʷˋʹˌ ʷˁ˒ˊʰˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Σ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰˍˇˌΣ 

˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ˎˉˈ 

ʶ˅ʷˍʰˋʹ ˋˍʰˍʽˋˍʽˁˈ ˃ʷʴʶʻˇˌΦ 

ʅˍˇ ˍʶ˂ʶˎˍʰʾˇ ˁʶ˒ʱ˂ʰʽˇ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ɼʶ˒ʱ˂ʰʽˇ тΣ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ʷˊʶˎ˄ʰˌ  
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ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ɮ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʰˉˇʵʶʾ˅ʶʽˌ ˍ˖˄ ˋ˔ʷˋʶ˖˄ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ 

ˋˍʰ ˉ˂ʰʾˋʽʰ ʴʷ˄ʶˋʹˌ ʰˊʽʻ˃˗˄ ʵʶʵˇ˃ʷ˄ʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʴʽʰ ˍʹ˄ 

ʰ˄ʰ̄h ˊʱˋˍʰˋʹ ˍ˖˄ ˎˉˈ ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ɰ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʴˊʰ˒ʽˁʱ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ 

Monte Carlo, ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ 

ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄. 

ʅˍˇ ʃʰˊʱˊˍʹ˃ʰ ɱ ʰˁˇ˂ˇˎʻʶʾ ˋˎʴˁˊʽˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˃ʶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˍ˖˄ h˄ ˍʾˋˍˇʽ˔˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ʺʵʹ ˎ˒ʽˋˍʱ˃ʶ˄˖˄ ˋ˔ʷˋʶ˖˄ 

ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Φ 

ʆʷ˂ˇˌΣ ˋˍˇ ʃʰˊʱˊˍʹ˃ʰ ɲ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʴˊʰ˒ʽˁʱ ˇ ʲʰʻ˃ˈˌ ˉˊˇˋʰˊ˃ˇʴʺˌ ˋˍʽˌ 

ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˍ˖˄ ˋ˔ʷˋʶ˖˄ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʰ˄Σ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˉʰˊˇˏˋʰˌ 

ʶˊʴʰˋʾʰˌΣ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Φ 
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2 ɰʽʲ˂ʽˇʴˊʰ˒ʽˁʺ ʁ ˉʽˋˁˈˉʹˋʹ 

ʅˍʽˌ ˋʶ˂ʾʵʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʴʾ˄ʶˍʰʽ ˃ʾʰ ˉˊˇˋˉʱʻʶʽʰ ʶˉʰˊˁˇˏˌ ʰ˄ʰ˒ˇˊʱˌ ˋˍʹ 

ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ˃ʶ ʽʵʽʰʾˍʶˊʹ ʷ˃˒ʰˋʹ ˋˍʹ˄ ˍʶ˔˄ʽˁʺ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌκˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ 

ˁʰʻ˗ˌ ˁʰʽ ˋˍʽˌ ˃ʷ˔ˊʽ ˍ˗ˊʰ ˉˊˇˋˉʱʻʶʽʶˌ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΣ ʹ 

ˇˉˇʾʰ ˉʰˊʷ˔ʶˍʰʽ ʰˉˈ ˍʹ ʻʶ˗ˊʹˋʹ ʵʶʽʴ˃ʱˍ˖˄, ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ, ˖ˌ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʶ˄ʽʰʾˇˎ ʵʶʾʴ˃ʰˍˇˌ ʰˉˈ ˎˉˇʻʶˍʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˉʰˊʰˍʹˊʺˋʶ˖˄. 

2.1 ʃˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo 

ɾʶ ˍˇ˄ ˈˊˇ ˉˊˇˋˇ˃ˇʾ˖ˋʹ (simulation) ʶ˄˄ˇˇˏ˃ʶ ˍʹ˄ ˍʶ˔˄ʽˁʺ ˃ʾ˃ʹˋʹˌ ʶ˄ˈˌ 

ˉˊʰʴ˃ʰˍʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΣ ˈˉ˖ˌ ʰˎˍˈ ʶ˅ʶ˂ʾˋˋʶˍʰʽ ˋˍˇ ˔ˊˈ˄ˇ (Winston, 1994). ʅˍˈ˔ˇˌ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʶʾ˄ʰʽ ʹ ˃ʶ˂ʷˍʹ ˍʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʶ˄ˈˌ ˋˎˋˍʺ˃ʰˍˇˌ ό˃ʶ ζʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʺη 

ˍʶ˔˄ʽˁʺύΣ ˈˍʰ˄ ʹ ʶ˒ʰˊ˃ˇʴʺ ʰ˄ʰ˂ˎˍʽˁ˗˄ ʺ ʱ˂˂˖˄ ʰˊʽʻ˃ʹˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ ʶʾ˄ʰʽ ʰ˄ʷ˒ʽˁˍʹ ʺ 

ʽʵʽʰʾˍʶˊʰ ʵˎˋ˔ʶˊʺˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύΦ  

ɱʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ όsimulation models). ʃˊˈˁʶʽˍʰʽ ʴʽʰ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˎˉˇʻʷˋʶ˖˄ ʴʽʰ ˍʹ 

˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌΣ ʶˁ˒ˊʰˋ˃ʷ˄˖˄ ˎˉˈ ˃ˇˊ˒ʺ ˃ʰʻʹ˃ʰˍʽˁ˗˄ ʺ ˂ˇʴʽˁ˗˄ ˋ˔ʷˋʶ˖˄ 

ˁʰʽ ˋˎ˄ʺʻ˖ˌ ˁ˖ʵʽˁˇˉˇʽʹ˃ʷ˄˖˄ ˋʶ ˉˊˈʴˊʰ˃˃ʰ ʹ˂ʶˁˍˊˇ˄ʽˁˇˏ ˎˉˇ˂ˇʴʽˋˍʺ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 

2007). 

ʆʰ ˃ˇ˄ˍʷ˂ʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʵʽʰˁˊʾ˄ˇ˄ˍʰʽ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΦ  ʅʶ ˋˍˇ˔ʰˋˍʽˁʱ όʺ Monte 

Carlo) ʺ ˄ˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʱ ˁʰʽ ˋʶ ʵʽʰˁˊʽˍʱ όˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰˍʱˋˍʰˋʹˌ ʰ˂˂ʱʸˇˎ˄ ˍʽ˃ʺ ˋʶ 

ʵʽʰˁˊʽˍʷˌ ˔ˊˇ˄ʽˁʷˌ ˋˍʽʴ˃ʷˌύ ̋  ˋˎ˄ʶ˔ʺΦ 

ɶ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˖ˌ ʶˊʴʰ˂ʶʾˇ ˋˍʰˍʽˋˍʽˁʺˌκˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ, 

ʶʽˋʺ˔ʻʹ ˋˍʹ˄ ˎʵˊˇ˂ˇʴʾʰ ˋˍʽˌ ʰˊ˔ʷˌ ˍˇ нлˇˎ ʰʽ˗˄ʰΦ ʁ Hazen ˍˇ мфмп ˔ˊʹˋʽ˃ˇˉˇʾʹˋʶ ˉˊ˗ˍʹ 

˒ˇˊʱ ˋˎ˄ʻʶˍʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ˋʶ ˃ʶ˂ʷˍʶˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˎʵʰˍʽˁ˗˄ ˉˈˊ˖˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ 

ˉˊˇˋˉʱʻʶʽʰˌ ˄ʰ ˉʰˊʱʴʶʽ ˋˎ˄ʻʶˍʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˉˇˊˊˇ˗˄ ʰˉˈ ʽˋˍˇˊʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ 

ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ˉˇˍʰ˃˗˄Σ ˇʽ ˇˉˇʾʶˌ ʶʾ˔ʰ˄ ˋˎ˄ʵˎʰˋˍʶʾ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˃ʶˍʱ ʰˉˈ ˁʰˍʱ˂˂ʹ˂ʰ 

ˉˊˇˋʰˊ˃ˇʴʺΣ ˃ʶ ˍʹ ˔ˊʺˋʹ ʶ˃ˉʶʽˊʽˁʺˌ ˃ʶʻˈʵˇˎ (Grygier & Stedinger, 1990). 
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ɶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʻʶ˃ʶ˂ʾ˖ˋʹ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˎʵˊˇ˂ˇʴʾʰˌ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˍʹ ʵʶˁʰʶˍʾʰ 

ˍˇˎ мфплΣ ˃ʶ ˍʹ˄ ʶʽˋʰʴ˖ʴʺ ˍʹˌ ˃ʶʻˈʵˇˎ Monte Carlo*Σ ʹ ˇˉˇʾʰ ʰ̄ ˇˍʷ˂ʶˋʶ ˍʹ ʲʱˋʹ ʴʽʰ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˃ʷʻˇʵˇˌ ʰ˄ʰˉˍˏ˔ʻʹˁʶ  ˍˇ мфпс ʰˉˈ ˍˇ˄ 

{ǘŀƴƛǎƭŀǿ ¦ƭŀƳ ˁʰʽ ˋˏ˄ˍˇ˃ʰ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˈˋˇ ʰˉˈ ˍˇ˄ ¦ƭŀƳΣ ˈˋˇ ˁʰʽ ʰˉˈ ʱ˂˂ˇˎˌ 

˃ʶʴʱ˂ˇˎˌ ˃ʰʻʹ˃ʰˍʽˁˇˏˌ ˁʰʽ ˒ˎˋʽˁˇˏˌ (John von Neumann, Nicholas Metropolis, Enrico 

Fermi) ˍˇˎ ʶˊʶˎ˄ʹˍʽˁˇˏ ˁʷ˄ˍˊˇˎ Los Alamos ʴʽʰ ˍˇ˄ ʰˊʽʻ˃ʹˍʽˁˈ ˎˉˇ˂ˇʴʽˋ˃ˈ 

ˇ˂ˇˁ˂ʹˊ˖˃ʱˍ˖˄ ˉˇˎ ˉˊˇʷˁˎˉˍʰ˄ ˁʰˍʱ ˍʹ˄ ʶˉʾ˂ˎˋʹ ʵʽʰ˒ˇˊʽˁ˗˄ ʶ˅ʽˋ˗ˋʶ˖˄ ˉˇˎ ʵʽʷˉˇˎ˄ ˍˇ 

˒ʰʽ˄ˈ˃ʶ˄ˇ ˍʹˌ ʵʽʰ˔ˏˋʶ˖ˌ ˄ʶˍˊˇ˄ʾ˖˄Φ ɶ ʶˉʽˋˍʹ˃ˇ˄ʽˁʺ ʵʹ˃ˇˋʾʶˎˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ʰˁˇ˂ˇˎʻʶʾ 

ˍˇ мфпф ʰˉˈ ˍˇˎˌ Metropolis & Ulam.  

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˁʰʽ ʵʽʱʵˇˋʹ ˍʹˌ ˃ʶʻˈʵˇˎ ˋˍʽˌ ʶˉʽˋˍʺ˃ʶˌ ˍ˖˄ ˎʵʰˍʽˁ˗˄ 

ˉˈˊ˖˄Σ ˍˇ ˉˊ˗ˍˇ ˁʰʻˇˊʽˋˍʽˁˈ ʲʺ˃ʰ ˍˇˉˇʻʶˍʶʾˍʰʽ ˍˇ мфрп ˃ʶ ˍʹ ʴʷ˄˄ʹˋʹ ʰˋˎˋ˔ʷˍʽˋˍ˖˄ 

ʶˍʺˋʽ˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ʴʽʰ ˃ʾʰ ʻʷˋʹ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ ɮˁˇ˂ˇˎʻˇˏ˄ ˇʽ 

ʶˊʴʰˋʾʶˌ ˍ˖˄ Maass et al. όмфснύ ˁʰʽ Thomas & Fiering (1962) ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ˉʰˊʰʴ˖ʴʺ 

˔ˊˇ˄ʽˁʱ ˋˎˋ˔ʶˍʽˋ˃ʷ˄˖˄ ʵʶʵˇ˃ʷ˄˖˄ ˋʶ ˃ʹ ˁʰ˄ˇ˄ʽˁʷˌ ˁʰˍʰ˄ˇ˃ʷˌΦ ʆˇ мфср ˇ Beard ˁʰʽ 

ʰˊʴˈˍʶˊʰΣ ˍˇ мфст, ˇ Matalas ʵʹ˃ˇˋʽʶˏˇˎ˄ ˍʽˌ ʶˊʴʰˋʾʶˌ ˍˇˎˌ ˉʱ˄˖ ˋˍʹ˄ ˍʰˎˍˈ˔ˊˇ˄ʹ 

ˉʰˊʰʴ˖ʴʺ ˋˎˋ˔ʶˍʽˋ˃ʷ˄˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʴʽʰ ˉʶˊʽˋˋˈˍʶˊʶˌ ʰˉˈ ˃ʾʰ ʻʷˋʶʽˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌΦ 

ʆ ̌1970 ˁ ˎˁ˂ˇ˒ˇˊʶʾ ˍ ̌ˁ˂ʰˋʽˁˈ ʲʽʲ˂ʾˇ Time Series Analysis, Forecasting and Control (Box & 

Jenkins, 1970), ˍˇ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍʶˏʶˍʰʽ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˍʹ ̀ˏ ˄ʻʶˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˍʹ˄ 

ˍʰ˅ʽ˄ˈ˃ʹˋʹ ˍ˖˄ ˋˍˇ˔ʰˋˍʽˁ˗˄ ˃ˇ˄ˍʷ˂˖˄ ˁʰʽ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎˌ ˋˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˁʰʽ ˍʹ˄ 

ˉˊˈʴ˄˖ˋʹΦ ɮˁˇ˂ˇˎʻʶʾ ˍˇ мфтс ʹ ˁˎˁ˂ˇ˒ˇˊʾʰ ˍˇˎ ˁ˂ʰˋˋʽˁˇˏ ʲʽʲ˂ʾˇ ˎSystems Approach to 

Water Management (Matalas & WallisΣ мфтсύΣ ˋˍˇ ˇˉˇʾˇ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʹ ˁ˖ʵʽˁˇˉˇʾʹˋʹ 

ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˃ˇ˄ˍʷ˂˖˄ ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍʺˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʽʶˊʴʰˋʽ˗˄Σ ʶ˄˗ ˍˇ мфур ˁˎˁ˂ˇ˒ˇˊʶʾ ˍˇ ʲʽʲ˂ʾˇ Random Functions in Hydrology (Bras & 

                                                             
*
 Oʽ ˉˊ˗ˍʶˌ ˋˁʷ˕ʶʽˌ ˁʰʽ ˉˊˇˋˉʱʻʶʽʶˌ ˍˇˎ Ulam ʴʽʰ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˃ʶʻˈʵˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˍˇ мфпсΣ ˉʰʾʸˇ˄ˍʰˌ 

ˍˇ ˉʰʽ˔˄ʾʵʽ ˍʹˌ ˉʰˋʽʷ˄ˍʸʰˌΣ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍʹˌ ʰ˄ʱˊˊ˖ˋʺˌ ˍˇˎ ʰˉˈ ˃ʾʰ ʰˋʻʷ˄ʶʽʰΦ ʅˍʹ˄ ˉˊˇˋˉʱʻʶʽʱ ˍˇˎ ˄ʰ 

ˎˉˇ˂ˇʴʾˋʶʽ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˄ʰ ˁʶˊʵʾˋʶʽ ˋˍˇ ʶ˄ ˂ˈʴ˖ ˉʰʽ˔˄ʾʵʽ ʵʽʰˉʾˋˍ˖ˋʶ ˈˍʽ ˇʽ ʰ˄ʰ˂ˎˍʽˁʷˌ ˃ʷʻˇʵˇʽ 

ˉʰˊˇˎˋʽʱʸˇ˄ˍʰ˄ ʽʵʽʰʾˍʶˊʰ ʶˉʾˉˇ˄ʶˌ ˁʰʽ ʷˍˋʽ ˋˁʷ˒ˍʹˁʶ ˄ʰ ʶˉʰ˄ʰ˂ʱʲʶʽ ˍˇ ˉʰʽ˔˄ʾʵʽ ʶˁʰˍˈ ˒ˇˊʷˌ ˁʰʽ 

ʴ˄˖ˊʾʸˇ˄ˍʰˌ ˉ˂ʷˇ˄ ˍˇ˄ ʰˊʽʻ˃ˈ ˍ˖˄ ˉʰʽ˔˄ʽʵʽ˗˄ ˉˇˎ ʶʾ˔ʶ ˁʶˊʵʾˋʶʽ ˄ʰ ˎˉˇ˂ˇʴʾˋʶʽ ʰ˄ˍʾ ˍʹˌ ʻʶ˖ˊʹˍʽˁʺˌ ˃ʾʰ 

ˉʽʻʰ˄ˈˍʹˍʰ ˉˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʵʶʽʴ˃ʰˍˇ˂ʹˉˍʽˁʺ ˍʶ˔˄ʽˁʺ όˉʶʽˊʰ˃ʰˍʽˁʺ ˉʽʻʰ˄ˈˍʹˍʰύΦ ʆˇ ˈ˄ˇ˃ʰ  Monte Carlo, 

ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍˇ ˁʰʸʾ˄ˇ Monte Carlo ˍˇˎ ɾˇ˄ʰˁˈΣ ˍˇ ˇˉˇʾˇ ʶˉʽˋˁʷˉˍˇ˄ˍʰ˄ ʰˊˁʶˍʱ ˋˎ˔˄ʱ ˇ ʻʶʾˇˌ ˍˇˎ Ulam 

(Ulam, 1983). 
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Rodriguez-Iturbe, 1985)Σ ˍˇ ˇˉˇʾˇ ʶ˃ʲʱʻˎ˄ʶ ˋˍʹ˄ ˔ˊʺˋʹ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˎʵˊˇ˂ˇʴʾʰˌ 

(Grygier & Stedinger, 1990). 

2.1.1 ʁˊʽˋ˃ˇʾ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈ ˁˊʾ˄ʶˍʰʽ ˋˁˈˉʽ˃ˇ ˄ʰ ʵˇʻˇˏ˄ ˁʱˉˇʽˇʽ ˇˊʽˋ˃ˇʾ ʲʰˋʽˁ˗˄ ʶ˄˄ˇʽ˗˄Σ ˇʽ 

ˇˉˇʾʶˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ ˋˍʽˌ ˋʶ˂ʾʵʶˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄Φ 

ɾʶ ˍˇ˄ ˈˊˇ ˋˍˇ˔ʰˋˍʽˁʺ ʰ˄ʷ˂ʽ˅ʹ ˇˊʾʸˇˎ˃ʶ ˃ʽʰ ˇʽˁˇʴʷ˄ʶʽʰ ˃ʶˍʰʲ˂ʹˍ˗˄ ὢὸΣ ˈˉˇˎ ὸ 

ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ˉʰʾˊ˄ʶʽ ˍʽ˃ʷˌ ʰˉˈ ʷ˄ʰ ˁʰˍʱ˂˂ʹ˂ˇ ˋˏ˄ˇ˂ˇ Ὕ (Papoulis, 1990). 

ɾʶ ˍˇ˄ ˈˊˇ ˋˍʱˋʽ˃ʹ ˋˍˇ˔ʰˋˍʽˁʺ ʰ˄ʷ˂ʽ˅ʹ ˇˊʾʸˇˎ˃ʶ ˍʹ˄ ʰˉʶʽˊˇˉ˂ʹʻʺ ʰˁˇ˂ˇˎʻʾʰ 

ˍˎ˔ʰʾ˖˄ ʰˊʽʻ˃˗˄ ˃ʶ ʵʶʾˁˍʹ ˍˇ˄ ˔ˊˈ˄ˇΣ ˍʹˌ ˇˉˇʾʰˌ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʱ ˁʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰ ˍ˖˄ ˍʽ˃˗˄ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˇ ʵʶʾˁˍʹˌ όtŀǇƻǳƭƛǎΣ 1990). 

ɾʶ ˍˇ˄ ˈˊˇ ˔ˊˇ˄ˇˋʶʽˊʱ ˇˊʾʸˇˎ˃ʶ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˃ʾʰˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʶ˂ʾ˅ʶ˖ˌ, 

ʵʹ˂ʰʵʺ ʷ˄ʰ ˋˏ˄ˇ˂ˇ ˉʰˊʰˍʹˊʺˋʶ˖˄ ὼὸ ˍʹˌ ὢὸΣ ʴʽʰ ˃ʶˍʰʲʰ˂˂ˈ˃ʶ˄ˇ ˔ˊˈ˄ˇ ὸ (Papoulis, 

1990). 

ɶ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢὸ, ɻ ʹ˂ʰʵʺ ʹ: 

 ὊὼȠὸḧὖὢὸ ὼ (2.1)  

ˇ˄ˇ˃ʱʸʶˍʰʽ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌΦ ɮ˄ˍʾˋˍˇʽ˔ʰ ʷ˔ˇˎ˃ʶ ˍʹ 

ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ: 

 ὊὼȟὼȠὸȟὸ ḧὖὢὸ ὼȟὢὸ ὼ  (2.2)  

ˁh ʽ ˁʰˍΩ ʶˉʷˁˍʰˋʹ ˍʹ ˋˎ˄ʱˊˍʹˋʹ n ̱ ʱ˅ʹˌ: 

 ))(,...,)((:),...,;,...,( 1111 nnnn xtXxtXPttxxF ¢¢=  (2.3)  

ɾʶ ˉʰˊʰʴ˗ʴʽˋʹ ˍ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˁʰˍʰ˄ˇ˃ʺˌ ˉʰʾˊ˄ˇˎ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˋˎ˄ʰˊˍʺˋʶʽˌ 

ˉˎˁ˄ˈˍʹˍʰˌ ˉʽʻʰ˄ˈˍʹˍʰˌΦ ɾʾʰ ˋˍˇ˔ʰˋˍʽˁʺ ʰ˄ʷ˂ʽ˅ʹ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁʱ ˇˊʽˋ˃ʷ˄ʹ ʰ˄ ʴ˄˖ˊʾʸˇˎ˃ʶ 

ˍʹ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ n ̱ ʱ˅ʹˌ ʴʽʰ ˁʱʻʶ ˍʽ˃ʺ ˍˇˎ n όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ. 

ɮˁˇ˂ˇˏʻ˖ˌ ˇˊʾʸˇ˄ˍʰʽ ˇʽ ʲʰˋʽˁʷˌ ˊˇˉʷˌ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʷ˂ʽ˅ʹˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 

1997): 

ü ɶ ˃ʷˋʹ ˍʽ˃ʺ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌΣ ʵʹ˂ʰʵʺ ʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢὸ: 
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 ‘ὸḧὉὢὸ ὼὪὼȠὸὨὸ (2.4)  

ü ɶ ʰˎˍˇˋˎ˄ʵʽʰˋˉˇˊʱ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌΣ ʵʹ˂ʰʵʺ ʹ ˋˎ˄ʵʽʰˋˉˇˊʱ ˍ˖˄ ˍˎ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ὢὸ , ˁ ʰʽ ὢὸ : 

 ὅὸȟὸ ḧὅέὺὢὸȟὢὸ Ὁ ὢὸ ‘ὸ ὢὸ ‘ὸ  (2.5)  

ʅʹ˃ʶʽ˗˄ʶˍʰʽ ˈˍʽ ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌΣ ʵʹ˂ʰʵʺ ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢὸ, 

ʶʾ˄ʰʽ ὠὥὶὢὸ ὅὸȟὸ. ɼʰˍʱ ˋˎ˄ʷˉʶʽʰ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ˍˎ˔ʰʾ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ὢὸΣ ˁʰʽ ὢὸΣ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹ: 

 ”ὸȟὸ ḧ
ὅέὺὢὸȟὢὸ

ὠὥὶὢὸ ὠὥὶὢὸ

ὅὸȟὸ

ὅὸȟὸὅὸȟὸ
 (2.6)  

ɾʶ ʰ˄ʱ˂ˇʴˇ ˍˊˈˉˇ ˇˊʾʸʶˍʰʽ ʹ ʶˍʶˊˇˋˎ˄ʵʽʰˋˉˇˊʱ ʵˏˇ ʰ˄ʶ˂ʾ˅ʶ˖˄ ὢὸ ˁ ʰʽ ὣὸ †* : 

 ὅ ὸȠ†ḧὅέὺὢὸȟὣὸ † Ὁ ὢὸ ‘ὸ ὣὸ † ‘ὸ †  (2.7)  

ɼʰˍʱ ˋˎ˄ʷˉʶʽʰ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ˍˎ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ὢὸ ˁʰʽ 

ὣὸ †Σ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹ: 

 ὶ ὸȠ†ḧ
ὅέὺὢὸȟὣὸ †

ὠὥὶὢὸὠὥὶὣὸ †

ὅ ὸȠ†

ὅ ὸȟὸὅ ὸ †ȟὸ †
 (2.8)  

ɾʶ ˍˇ˄ ˈˊˇ ˂ʶˎˁˈ ʻˈˊˎʲˇ ʶ˄˄ˇˇˏ˃ʶ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ʰ˃ˇʽʲʰʾʰ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ˃ʶ ˍʹ˄ ʾʵʽʰ ˁʰˍʰ˄ˇ˃ʺ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύΦ 

ɾʶ ˍˇ˄ ˈˊˇ ˉ˂ʹʻˎˋ˃ˈ ʻʶ˖ˊˇˏ˃ʶ ˇˉˇʽʰʵʺˉˇˍʶ ˋˎ˂˂ˇʴʺ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Σ ˍ˖˄ ˇˉˇʾ˖˄ 

ʶ˄ʵʽʰ˒ʷˊˇˎ˄ ˇʽ ˃ʶˍˊʺˋʽ˃ʶˌ ʽʵʽˈˍʹˍʶˌΦ ɾʶ ˍˇ˄ ˈˊˇ ʵʶʾʴ˃ʰ ʰ˄ʰ˒ʶˊˈ˃ʰˋˍʶ ˋʶ ʷ˄ʰ ˋˏ˄ˇ˂ˇ 

˃ʶˍˊʺˋʶ˖˄ ʴʽʰ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˉ˂ʹʻˎˋ˃ˈ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύΦ 

ɲʶʾʴ˃ʰ, ˋˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ, ˃ʶʴʷʻˇˎˌ όʺ ˃ʺˁˇˎˌύ ὲΣ ˃ʾʰˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ 

ὢ ˃ʶ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὢ, ʶʾ˄ʰʽ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ὲ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˍˎ˔ʰʾ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ὢȟὢȟỄȟὢ  ˃ʶ ˁˇʽ˄ʺ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὼ, ʹ ˇˉˇʾʰ ˇˊʾʸʶˍʰʽ ˋˍˇ 

ʵʶʽʴ˃ʰˍʽˁˈ ˔˗ˊˇ    ὼỄὼ  (Papoulis, 1990). ɼʰʻʶ˃ʾʰ ʰˉˈ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ὢ ʰ˄ˍʽˋˍˇʽ˔ʶʾ 

ˋˍʽˌ ʵˎ˄ʰˍʷˌ ʶˁʲʱˋʶʽˌ ˃ʾʰˌ ˃ʷˍˊʹˋʹˌ ʺ ˉʰˊʰˍʺˊʹˋʹˌ ˍʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢΦ ɮ˒ˇˏ ʶˁˍʶ˂ʶˋˍˇˏ˄ 

ˇʽ ˃ʶˍˊʺˋʶʽˌΣ ʴʽʰ ˁʰʻʶ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ ʻʰ ʷ˔ˇˎ˃ʶ ˃ʾʰ ˃ʷˍˊʹˋʹΣ ʱˊʰ ˋˎ˄ˇ˂ʽˁʱ ʻʰ ʷ˔ˇˎ˃ʶ ˍʹ˄ 

                                                             
* ʂˉˇˎ ˍΣ ʹ ˔ˊˇ˄ʽˁʺ ˎˋˍʷˊʹˋʹ 
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ʰˊʽʻ˃ʹˍʽˁʺ ʰˁˇ˂ˇˎʻʾʰ ὼȟὼȟỄȟὼ, ˍʹ˄ ˇˉˇʾʰ ˁʰ˂ˇˏ˃ʶ ˉʰˊʰˍʹˊʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ʺ ʰˉ˂˗ˌ 

ˉʰˊʰˍʹˊʺˋʶʽˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύΦ 

ɾʶ ˍˇ˄ ˈˊˇ ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ʶ˄˄ˇˇˏ˃ʶ ˁʱʻʶ ˋˎ˄ʱˊˍʹˋʹ ˍ˖˄ ˍˎ˔ʰʾ˖˄ 

˃ʶˍʰʲ˂ʹˍ˗˄ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˍʹˌ ˃ˇˊ˒ʺˌ Ὸ ὫὢȟỄȟὢ  όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύΦ 

ɾʶ ˍˇ˄ ˈˊˇ ʶˁˍʽ˃ʺˍˊʽʰ ˃ʾʰˌ ˉʰˊʰ˃ʷˍˊˇˎ n ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʶ˄˄ˇˇˏ˃ʶ ˃ʾʰ ˋˍʰˍʽˋˍʽˁʺ 

ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ Ὸ ὫὢȟỄȟὢ Σ ʹ ˇˉˇʾʰ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ʰˎˍʺˌ 

ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύΦ 

ɾʽʰ ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ Ὸ ὫὢȟỄȟὢ  ʶʾ˄ʰʽ ʰ˃ʶˊˈ˂ʹˉˍʹ 

ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ὲ ʰ˄ ὉῸ ὲΦ ɲʽʰ˒ˇˊʶˍʽˁʱ ʶʾ˄ʰʽ ˃ʶˊˇ˂ʹˉˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˁʰʽ 

ʹ ʵʽʰ˒ˇˊʱ ὉῸ ὲ ˂ ʷʴʶˍʰʽ ˃ʶˊˇ˂ʹ˕ʾʰ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ. 

ɾʽʰ ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˃ˇˊ˒ʺˌ Ὸ ὫὢȟỄȟὢ  ʶʾ˄ʰʽ ˋˎ˄ʶˉʺˌ ʶˁˍʽ˃ʺˍˊʽʰ 

ˍʹˌ ˉʰˊʰ˃ʷˍˊˇˎ ὲ ʰ˄ ˍˇ ˋ˒ʱ˂˃ʰ ʶˁˍʾ˃ʹˋʹˌ Ὸ ὲ  ˍʶʾ˄ʶʽ ˋˍˇ ˃ʹʵʷ˄ ˃ʶ ˉʽʻʰ˄ˈˍʹˍʰ мΣ 

ˈˍʰ˄ ˍˇ ὲ ˍʶʾ˄ʶʽ ˋˍˇ ʱˉʶʽˊˇΦ ɲʽʰ˒ˇˊʶˍʽˁʱ ʶʾ˄ʰʽ ʰˋˎ˄ʶˉʺˌ ʶˁˍʽ˃ʺˍˊʽʰ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 

1997). 

2.1.2 ʃʰˊʰʵˇ˔ʺ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ όɳ˒ʰˊ˃ˇʴʺ ˁ˂ʰˋˋʽˁʺˌ 

ˋˍʰˍʽˋˍʽˁʺˌύ 

ʅˍʹ˄ ˉʽʻʰ˄ˇʻʶ˖ˊʾʰ ˁh ʽ ˋˍʹ˄ ˋˍʰˍʽˋˍʽˁʺ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ˍˎ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ὢὸ 

ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ ˁʰʽ ˇ˃ˇʾ˖ˌ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʹ όIID), ʰ˄ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺ ʰˁˇ˂ˇˎʻʶʾ ˍʹ˄ ʾʵʽʰ 

ˁʰˍʰ˄ˇ˃ʺ Ὂὼ ˃ʶ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὼ ˁʰʽ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʹ* ʰˉˈ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ: 

 ὅὸȟὸ ”ὸȟὸ π (2.9)  

ʂ˂ʹ ʹ ʻʶ˖ˊʾʰ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʰ˄˖ˍʷˊ˖ ˉʰˊʰʵˇ˔ʺΦ 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˉʰˊʰʵˇ˔ʺ ʰˎˍʺ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ ˋˎ˄ʱʵʶʽ ˃ʶ ˍʹ ˋˍˇ˔ʰˋˍʽˁʺ 

˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˁʰʽ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍˈˋˇ ˍʹ˄ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹΣ ˈˋˇ ˁʰʽ ˍʹ˄ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺΣ ʴ˄˖ˋˍʺ ˖ˌ ˒ʰʽ˄ˈ˃ʶ˄ˇ Hurst, ˉˇˎ 

ʵʽʷˉʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʵʽʰʵʽˁʰˋʾʶˌΦ ɾʶ ˍʹ˄ ˉʰˊʰʵˇ˔ʺ ʰˎˍʺ ˂ˇʽˉˈ˄ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ 

                                                             
*
 ʁʽ ˃ʶˍʰʲ˂ʹˍʷˌ ὢȟὢȟỄȟὢ ̱ʹˌ ʰˁˇ˂ˇˎʻʾʰˌ ὢ ʁ ʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʰ˄ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˍʽ˃ʷˌ ὼȟὼȟỄȟὼ ̔ ˋ˔ˏʶʽ 

(ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ: Ὂ ȟ ȟỄȟ
ὼȟὼȟỄȟὼȠὸȟὸȟỄȟὸ Ὂ ὼȠὸὊ ὼȠὸ ỄὊ ὼȠὸ  
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ˍˎˉʽˁʷˌ ˋʹ˃ʶʽʰˁʷˌ ʶˁˍʽ˃ʺˍˊʽʶˌ  ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˋˍʰˍʽˋˍʽˁʷˌ ˊˇˉʷˌ ˉˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˁʰʽ 

ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˍʹˌ ˋˎ˄ʱˊˍʹˋʹˌ ˁʰˍʰ˄ˇ˃ʺˌ Ὂὼ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ: 

ü ɳˁˍʽ˃ʺˍˊʽʰ ʵʶʽʴ˃ʰˍʽˁʺˌ ˃ʷˋʹ ˍʽ˃ʺˌ:  

 ὢ
ρ

ὲ
ὢ (2.10)  

ɳˏˁˇ˂ʰ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˉ˖ˌ Ὁὢ Ὁὢ ˁʰʽ ὠὥὶὢ  όʰ˃ʶˊˈ˂ʹˉˍʹ ˁʰʽ 

ˋˎ˄ʶˉʺˌ ʶˁˍʽ˃ʺˍˊʽʰύΦ 

ü ɾʶˊˇ˂ʹˉˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ʵʽʰˋˉˇˊʱˌ „  ̱ ˇˎ ˉ˂ʹʻˎˋ˃ˇˏ:  

 Ὓ
В ὢ ὢ

ὲ
 (2.11)  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˉ˖ˌΥ 

ὠὥὶὛ  

ü ɮ˃ʶˊˈ˂ʹˉˍʹ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ʵʽʰˋˉˇˊʱˌ „  ̱ ˇˎ ˉ˂ʹʻˎˋ˃ˇˏ: 

 Ὓᶻ
В ὢ ὢ

ὲ ρ
 (2.12)  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ 

ˉ˖ˌΥ ὠὥὶὛᶻ  

ü ɾʶˊˇ˂ʹˉˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˋˎ˄ʵʽʰˋˉˇˊʱˌ „  ʶ˄ˈˌ ˉ˂ʹʻˎˋ˃ˇˏ ʵˏˇ ˃ʶˍʰʲ˂ʹˍ˗˄ X 

ˁʰʽ ʇ:  

 Ὓ
В ὢ ὢ ὣ ὣ

ὲ
 (2.13)  

ü ɮ˃ʶˊˈ˂ʹˉˍʹ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˋˎ˄ʵʽʰˋˉˇˊʱˌ „  ʶ˄ˈˌ ˉ˂ʹʻˎˋ˃ˇˏ ʵˏˇ ˃ʶˍʰʲ˂ʹˍ˗˄ X 

ˁʰʽ ʇΥ  

 Ὓᶻ
В ὢ ὢ ὣ ὣ

ὲ ρ
 (2.14)  

ü ɳˁˍʽ˃ʺˍˊʽʰ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶ Σ ʴ˄˖ˋˍʺ ˖ˌ ʵʶʽʴ˃ʰˍʽˁˈˌ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˎˋ˔ʷˍʽˋʹˌ όˁʰˍʱ ˉˊˇˋʷʴʴʽˋʹ ʰ˃ʶˊˈ˂ʹˉˍʹ ʶˁˍʽ˃ʺˍˊʽʰύΥ 
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ὶ

Ὓ

ὛὛ

Ὓᶻ

Ὓz Ὓz

В ὢ ὢ ὣ ὣ

В ὢ ὢ В ὣ ὣ

 
(2.15)  

 

2.1.3 ζɾʰˊˁˇʲʽʰ˄ʺη ʃˊˇˋʷʴʴʽˋʹ 

ɶ ʰ˄˖ˍʷˊ˖ ˉʰˊʰʵˇ˔ʺ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʷ˂ʽ˅ʹ,̩ ˈˉ˖ˌ 

ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍˈˋˇ ˍʹ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ (short-term 

persistence - STP)Σ ˈˋˇ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ (long-term persistence - LTP) ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΦ 

ɮˊˁʶˍʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ  ˍˇˎ ˋˍˇ˔ʰˋˍʽˁˇˏ 

˔ʰˊʰˁˍʺˊʰ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Φ ɮˁˇ˂ˇˏʻ˖ˌ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʹ ζɾʰˊˁˇʲʽʰ˄ʺη 

ˉˊˇˋʷʴʴʽˋʹΣ ʹ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ʶʽ ˍʹ˄ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃˄ʺ˃ʹ ˍ˖˄ ʽˋˍˇˊʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ  

ɾʽʰ ʰ˄ʷ˂ʽ˅ʹ ὢὸΣ ˋˍʹ˄ ˇˉˇʾʰ ʰ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˍˇ ˉʰˊˈ˄Σ ˍˇ ˃ʷ˂˂ˇ˄ ʵʶ˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ 

ˍˇ ˉʰˊʶ˂ʻˈ˄ ʰ˂˂ʱ ˃ˈ˄ˇ ʰˉˈ ˍˇ ˉʰˊˈ˄Σ ˂ʷʴʶˍʰʽ ʰ˄ʷ˂ʽ˅ʹ Markov (Markov chain) 

(ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2007)Φ ʅˎ˃ʲˇ˂ʽˁʱ ʴʽʰ ὸ ὸ Ễ ὸ ὸ ˁ ʰʽ † π: 

 ὖὢὸ † ὼȿὢὸȟὢὸ ȟỄȟὢὸ ὖὢὸ † ὼȿὢὸ  (2.16)  

ɮ˄ ʹ ʋ ʁʾ ˄ʰʽ ˋˍʱˋʽ˃ʹ ʰ˄ʷ˂ʽ˅ʹ ˋʶ ʵʽʰˁˊʽˍˈ ˔ˊˈ˄ˇ ˃ˉˇˊˇˏ˃ʶ ˄ʰ ʴˊʱ˕ˇˎ˃ʶ: 

 ὢ ὥὢ ὠ (2.17)  

ɶ ʰˁˇ˂ˇˎʻʾʰ ˍ˖˄ ὠ, h ˉˇˍʶ˂ʶʾ ˂ʶˎˁˈ ʻˈˊˎʲˇ ˋʶ ʵʽʰˁˊʽˍˈ ˔ˊˈ˄ˇΦ ɶ ˉʽˇ ˉʱ˄˖ ˋ˔ʷˋʹ ˇˊʾʸʶʽ ˍˇ 

˃ˇ˄ˍʷ˂ˇ Markov ˋʶ ʵʽʰˁˊʽˍˈ ˔ˊˈ˄ˇ ʺ ʰ˂˂ʽ˗ˌ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ όautoregression) 

ˍʱ˅ʹˌ м (ˋˎ˃ʲˇ˂ʽˁʱ AR(1)). 

ɮ˄ ‘  ˁʰʽ ‘Σ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ὢ ˁʰʽ ὠΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ‎  ʹ hˎ ˍˇˋˎ˄ʵʽʰˋˉˇˊʱ ˍʹˌ ὢ 

ʴʽʰ ˎˋˍʷˊʹˋʹ m, „  ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ὠ ˁʰʽ ‘  ˁʰʽ ‘  ˇʽ ˍˊʾˍʶˌ ˁʶ˄ˍˊʽˁʷˌ ˊˇˉʷˌ ˍ˖˄ ὢ ˁʰʽ 

ὠΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˍˈˍʶ ʶˏˁˇ˂ʰ ˉˊˇˁˏˉˍˇˎ˄ ˇʽ ʰˁˈ˂ˇˎʻʶˌ ʶ˅ʽˋ˗ˋʶʽˌ (ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2007): 

 
ὅέὺὢȟὠ ὅέὺὢ ȟὠ πȟ  

ὅέὺὢȟὠ „ȟὅέὺὢ ȟὠ ὥ„ ά π 
(2.18)  

 ‎ ὥ‎ ʀʅɿʅʆʝʐʀʍɻ ‎ ‌‎  (2.19)  

 ‘ ρ ὥ‘ȟ„ ‎ ρ ὥ ȟ‘ ρ ὥ ‘  (2.20)  
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ɶ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʰˎˍʺ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʶʽˋʱʴʶʽ 

ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʴʶʻ˗˄Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ 

ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ˄ʰ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʶʴʶʻ˗˄ 

ʰˎˍ˗˄ ˃ʶ ˍʽˌ ˁ˂ʰˋˋʽˁʷˌ ˋˍʰˍʽˋˍʽˁʷˌ ʶˁˍʽ˃ʺˍˊʽʶˌΣ ˈˉ˖ˌ ʰˎˍʷˌ ˉʰˊˇˎˋʽʱˋˍʹˁʰ˄ ˋˍʹ˄ 

ˉʰˊʱʴˊʰ˒ˇ нΦмΦнΦ 

ɮˁˈ˃ʹ ˂ˇʽˉˈ˄ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ AR(1), ˍˇ ˇˉˇʾˇ ʰˉˇˍʶ˂ʶʾ ˍʹ˄ 

ʰˉ˂ˇˏˋˍʶˊʹ ˃ˇˊ˒ʺ ˃ˇ˄ˍʷ˂ˇˎ ʰ˄ʰˉʰˊʰʴ˖ʴʺˌ ˍʹˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌΣ ʹ ʶˁˍʽ˃ʺˍˊʽʰ 

ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˈˉ˖ˌ ʰˎˍʺ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ 

ˋˍʰˍʽˋˍʽˁʺ*Σ ˎˉˇʶˁˍʽ˃ʱ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺ,̩ ʹ 

ˇˉˇʾʰ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ AR(1) ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ ʰˁˇ˂ˇˏʻ˖ˌ (Koutsoyiannis, 

2002): 

 ὛὸὈὢ
„

Ѝὲ

ρ ” ς”ρ ” Ⱦὲ

ρ ”
 (2.21)  

ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʶʾ˖ˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ n ˍʹˌ 

˔ˊˇ˄ˇˋʶʽˊʱˌ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˄ʰ ˁʰˍʰˋˍʶʾ ˉˊˇ˒ʰ˄ʺˌ ʹ ˃ʶʾ˖ˋʹ ʰˎˍʺΣ ˃ˉˇˊʶʾ ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍʶʾ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲᴂ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʽˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌΣ 

˗ˋˍʶ: 

 
„

Ѝὲ

ρ ” ς”ρ ” Ⱦὲ

ρ ”

„

Ѝὲᴂ
 (2.22)  

ɱʽʰ ˃ʽʰ ˔ˊˇ˄ˇˋʶʽˊʱ ˂ˇʽˉˈ˄ ˃ʺˁˇˎˌ ὲΣ ʹ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸʶʽ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌ, ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲᴂ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʽˌ 

ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ 

ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˖ˌ ʰˁˇ˂ˇˏʻ˖ˌ: 

 ὲ ὲ
ρ ”

ρ ” ς”ρ ” Ⱦὲ
 (2.23)  

 

                                                             
*
 ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ὛὸὈὢ

Ѝ
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2.1.4 ɮ˄ʶ˂ʾ˅ʶʽˌ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌ 

ɶ ζɾʰˊˁˇʲʽʰ˄ʺη ˉˊˇˋʷʴʴʽˋʹΣ ˉʰˊˈ˂ˇ ˉˇˎ ʰˉˇʵʾʵʶʽ ˍʹ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃˄ʺ˃ʹ ˍ˖˄ 

ʽˋˍˇˊʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ ˍ˖˄ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Σ ˁʰʻ˗ˌ ˇʽ ʵʽʰˍʹˊˇˏ˃ʶ˄ʶˌ ʰˉˈ ˍˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˋˎˋ˔ʶˍʾˋʶʽˌ 

˒ʻʾ˄ˇˎ˄ ˍʰ˔ˏˍʰˍʰ ʴʽʰ ˔ˊˇ˄ʽˁʱ ʲʺ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ˃ʶʴʰ˂ˏˍʶˊʰ ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ* 

όˋˍʹ˄ ˉˊˇˁʶʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ мʹˌ ̱ ʱ˅ʹˌ - AR(1)) (Koutsoyiannis, 2002). 

ʅʶ ʰ˄ˍʾʻʶˋʹ ˂ˇʽˉˈ˄Σ ˃ʶ ˍʽˌ ˁˇʽ˄ʷˌ ˍˎ˔ʰʾʶˌ ˋʶʽˊʷˌ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎΣ ˇʽ ˎʵˊˇ˂ˇʴʽˁʷˌ 

˔ˊˇ˄ˇˋʶʽˊʷˌ ʷ˔ˇˎ˄ ʵˇ˃ʺΣ ʵʹ˂ʰʵʺ ˇʽ ʵʽʰʵˇ˔ʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʶʾ˄ʰʽ 

ʶ˅ʰˊˍʹ˃ʷ˄ʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɾʽʰ ʶʽʵʽˁʺ ˁʰˍʹʴˇˊʾʰ ʶ˅ʱˊˍʹˋʹˌ ˉˇˎ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋʶ ˃ʶʴʱ˂ʶˌ 

˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ʰ˄ʰˁʰ˂ˏ˒ʻʹˁʶ ʰˉˈ ˍˇ˄ Hurst ˁʰʽ ʷ˔ʶʽ ʴʾ˄ʶʽ ʴ˄˖ˋˍʺ ˃ʶ ʵʽʱ˒ˇˊˇˎˌ ˈˊˇˎˌ 

ˈˉ˖ˌ ʶ˅ʱˊˍʹˋʹ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌΣ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ ʺ ʰˉ˂ʱ ˒ʰʽ˄ˈ˃ʶ˄ˇ HurstΦ ʁ 

Hurst ˃ʶ˂ʷˍʹˋʶ ˃ʾʰ ˋʶʽˊʱ ʴʶ˖˒ˎˋʽˁ˗˄ ʵʽʶˊʴʰˋʽ˗˄ ˁʰʽ ˉʰˊʰˍʺˊʹˋʶ ˉ˖ˌ ˉʰˊˈ˂ˇ ˉˇˎ ˋʶ 

ˍˎ˔ʰʾʶˌ ʵʽʶˊʴʰˋʾʶˌ ˇ˃ʱʵʶˌ ˎ˕ʹ˂˗˄ ʺ ˔ʰ˃ʹ˂˗˄ ˍʽ˃˗˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈ˄ ˄ʰ ˉʰˊʰˍʹˊʹʻˇˏ˄Σ ʹ 

ˍʱˋʹ ˍˇˎˌ ˄ʰ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋʶ ˒ˎˋʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ (Hurst, 1951). ɮˉˈ ˍˈˍʶ 

ʷ˔ʶʽ ʵʽʰˉʽˋˍ˖ʻʶʾ ˉ˖ˌ ʹ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ʰˎˍʺ ʶʾ˄ʰʽ ˋ˔ʶʵˈ˄ ˉʰ˄ˍʰ˔ˇˏ ˉʰˊˇˏˋʰ ˋʶ ʵʽʱ˒ˇˊʶˌ 

ʵʽʶˊʴʰˋʾʶˌ ˋˍʹ ˒ˏˋʹΣ ˍʹ˄ ˍʶ˔˄ˇ˂ˇʴʾʰ ˁʰʽ ˍʹ˄ ˁˇʽ˄˖˄ʾʰΦ ʁʽ ˋˎ˄ʷˉʶʽʶˌ ʰˎˍʺˌ ˍʹˌ 

ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʷˌΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ʰˎ˅ʱ˄ʶʽ ʵˊʰˋˍʽˁʱ ˍʹ˄ ʰʲʶʲʰʽˈˍʹˍʰ 

ʴˏˊ˖ ʰˉˈ ˍʽˌ ˋ˔ʶˍʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ (Koutsoyiannis, 2005). 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇʵˇʻʶʾ ʹ ˋˍˇ˔ʰˋˍʽˁʺ ʰˎˍʺ ˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ 

ˁʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ ˄ʰ ˁʰˍʰˋˍˇˏ˄ ˋˎ˄ʶˉʶʾˌ ˃ʶ ˍʹ˄ 

ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ˇ Mandelbrot όмфсрύ ʶʽˋʺʴʰʴʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˍˇˎ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ 

ʻˇ́ˏʲˇˎ (fractional Gaussian noise ς FGNϞ)Σ ʴʽʰ ˍʹ˄ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄Φ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˇ ˁ˂ʰˋ˃ʰˍʽˁˈˌ ɱˁʰˇˎˋʽʰ˄ˈˌ ʻˈˊˎʲˇˌ ˃ˉˇˊʶʾ ˄ʰ ˇˊʽˋˍʶʾ ˋʶ ʵʽʰˁˊʽˍˈ 

˔ˊˈ˄ˇ ˖ˌ ˃ʾʰ ˋˍʱˋʽ˃ʹ ʰ˄ʷ˂ʽ˅ʹΣ ʹ ˇˉˇʾʰ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ˄ ˉʰˊʰˁʱˍ˖ ˋˎ˄ʻʺˁʹΥ 

 ὤ Ὧ‘ḯ
Ὧ

ὰ
ὤ ὰ‘ (2.24)  

                                                             
* ” ȟ” ” ” ȟ”ḳ ” ȟὮ ρ (Koutsoyiannis, 2002) 
Ϟ
 ɳ˄ʰ˂˂ʰˁˍʽˁʷˌ ˇ˄ˇ˃ʰˋʾʶˌ: h ˄ʶ˂ʾ˅ʶʽˌ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌΣ ˋˍʱˋʽ˃ʰ ʰˎ˅ʺ˃ʰˍʰ ʰˎˍˈ-ˈ˃ˇʽ˖˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ 

(stationary increments of self-similar processes) 
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ˈ̄ ˇˎ ˍˇ ˋˏ˃ʲˇ˂ˇ ḯ ˋʹ˃ʰʾ˄ʶʽ ʽˋˈˍʹˍʰ ˋˍʹ˄ όˉʶˉʶˊʰˋ˃ʷ˄ʹˌ ʵʽʱˋˍʰˋʹˌ ʰˉˈ ˁˇʽ˄ˇˏύ 

ˁʰˍʰ˄ˇ˃ʺΣ Ὥ, Ὦ, Ὧ, ὰ ʶʾ˄ʰʽ ˇˉˇʽˇʽʵʺˉˇˍʶ ʰˁʷˊʰʽˇʽΣ ˃ ʶʾ˄ʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎ ὤ*  ˁʰʽ ɶ ʶʾ˄ʰʽ 

˃ʾʰ ˋˍʰʻʶˊʱ όлғɶғмύΣ ʴ˄˖ˋˍʺ ˖ˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʺ ʶˁʻʷˍʹˌ Hurst (Koutsoyiannis, 2002). 

ɮˊˁʁ̱ ˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍʹˌ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ 

ʶ˃˃ˇ˄ʺˌ ˁʰˍʱ ˍʹ ʴʷ˄ʶˋʹ ˋˎ˄ʻʶˍʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˈˉ˖ˌ ˍˇ ˋ˔ʺ˃ʰ ˍˇˎ ˋˎ˃˃ʶˍˊʽˁˇˏ 

ˁˎ˂ʽˈ˃ʶ˄ˇˎ ˃ʷˋˇˎ όsymmetric moving average - SMA), ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˋˍʹˊʾʸˇ˄ˍʰʽ ˋˍʹ 

˂ˇʴʽˁʺ ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʻ˗ˌ ˁʰʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˋˍʹˊʾʸˇ˄ˍʰʽ 

ˋʶ ˃ʶʻˈʵˇˎˌ ʵʽʰʵˇ˔ʽˁˇˏ ʶˉʽ˃ʶˊʽˋ˃ˇˏ.  

ɮˁˇ˂ˇˏʻ˖ˌ, ʰ˄ʰ˂ˏˇ˄ˍʰʽ ˍˇ ˋ˔ʺ˃ʰ ˍˇˎ ˋˎ˃˃ʶˍˊʽˁˇˏ ˁˎ˂ʽˈ˃ʶ˄ˇˎ ˃ʷˋˇˎ ˁʰʻ˗ˌ ˁʰʽ ˇ 

ʰ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʰʴ˖ʴʺˌ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎ ˖ˌ ʱʻˊˇʽˋ˃ʰ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ 

AR(1)Σ ˇ ˇˉˇʾˇˌ ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ ˂ˇʴʽˁʺ ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌΦ ʁ 

ʵʶˏˍʶˊˇˌ ʰˎˍˈˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˋˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ 

˔ˊˇ˄ʽˁʱΣ ˎʵˊˇ˂ˇʴʽˁ˗ ˄̝ ˊˇ˄ˇˋʶʽˊ˗˄ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ. 

2.1.4.1 ɮ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʰʴ˖ʴʺˌ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎ όɽˇʴʽˁʺ ˍˎ˔ʰʾ˖˄ 

ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌύ 

ɶ ̀ˎ˄ʻʶˍʽˁʺ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍʹˌ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌ ˃ʾʰˌ ˋˍʱˋʽ˃ʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ 

ʰ˄ʶ˂ʾ˅ʶ˖ˌ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ όYƻǳǘǎƻȅƛŀƴƴƛǎΣ 2002ύ ˈˍʽ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺΣ ˃ʶ ˍʹ˄ ʻʶ˗ˊʹˋʺ ˍʹˌ ˖ˌ 

ʷ˄ʰ ʱʻˊˇʽˋ˃ʰ ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ όmultiple time-scale 

fluctuation). 

ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ʰ˂ʴˈˊʽʻ˃ˇ όKoutsoyiannis, 2002) ˂ˇʽˉˈ˄Σ ʹ ʰ˄ʷ˂ʽ˅ʹ Xi 

ˉʰˊʱʴʶˍʰʽ ˖ˌ ʱʻˊˇʽˋ˃ʰ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ AR(1): ὢ ὃ ὄ ὅ, ˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˎˋˍʷˊʹˋʹˌ мΣ ʰ˄ˍʾˋˍˇʽ˔ʰ: 

 

” ρȢυςῷ πȢυ Ȣȟ• πȢωυσχȢφωρ ῷ Ȣ ȟ  

‚
πȢωσςπȢπψχῷȟ ῷ πȢχφ
πȢωωσπȢππχῷȟ         ῷ πȢχφ

 
(2.25)  

ˁʰʽ ʵʽʰˋˉˇˊʷˌ ρ ὧ ὧ‎, ὧ‎, ὧ‎Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ ʆʰ ὧ, ὧ ʶˁˍʽ˃˗˄ˍʰʽ ʷˍˋʽ ˗ˋˍʶ ʹ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ˍ˖˄ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄: ” ρ ὧ ὧ” ὧ• ὧ‚ 

                                                             
* ὤ ḊВ ὢʶʾ˄ʰʽ ʹ ˋˎ˄ʰʻˊˇʽˋ˃ʷ˄ʹ ʰ˄ʷ˂ʽ˅ʹ ˋˍʹ  ˁ˂ʾ˃ʰˁʰ k 
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˄ʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʻʶ˖ˊʹˍʽˁʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ*  ̱ ˇˎ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎΣ ʴʽʰ 

ˎˋˍʷˊʹˋʹ м ˁʰʽ мллΦ 

2.1.4.2 ɮ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʰʴ˖ʴʺˌ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎ όʅ˔ʺ˃ʰ ˋˎ˃˃ʶˍˊʽˁˇˏ 

ˁˎ˂ʽˈ˃ʶ˄ˇˎ ˃ʷˋˇˎύ 

ʆˇ ˋ˔ʺ˃ʰ ˍˇˎ ˋˎ˃˃ʶˍˊʽˁˇˏ ˁˎ˂ʽˈ˃ʶ˄ˇˎ ˃ʷˋˇˎ όsymmetric moving average - SMA) ʷ˔ʶʽ 

ʶʽˋʰ˔ʻʶʾ ʰˉˈ ˍˇ˄ ɼˇˎˍˋˇʴʽʱ˄˄ʹ όKoutsoyiannis, 2000) ˁʰʽ ˃ʶˍʰˋ˔ʹ˃ʰˍʾʸʶʽ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ 

˂ʶˎˁˇˏ ʻˇˊˏʲˇˎ Vi ̀ ʶ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ˃ʶ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹΣ ὢΣ ˁʰˍʱ ˍʹ ˋ˔ʷˋʹ: 

 ὢ ὥȿȿὠ ὥὠ Ễ ὥὠ ὥὠ ὥὠ Ễ ὥὠ  (2.26)  

ˈˉˇˎ ˍʰ Á ʶʾ˄ʰʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʲʱˊˇˎˌ ˁʰʽ ˇ ʰˊʽʻ˃ˈˌ ˍˇˎˌΣ ή, ʁ ʾ˄ʰʽ ʻʶ˖ˊʹˍʽˁʱ ʱˉʶʽˊˇˌΣ ʰ˂˂ʱ 

ˋˍʹ˄ ˉˊʱ˅ʹ ˂ʰ˃ʲʱ˄ʶʽ ˃ʾʰ ˉʶˉʶˊʰˋ˃ʷ˄ʹ ˍʽ˃ʺΦ ɶ ˃ʷʻˇʵˇˌ ʶʾ˄ʰʽ ˁʰˍʱ˂˂ʹ˂ʹ ʴʽʰ ˍˎ˔ˇˏˋʰ 

ˋˎ˄ʱˊˍʹˋʹ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ FGNΣ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˉ˖ˌ ˇʽ 

ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʲʱˊˇˎˌ ʶʾ˄ʰʽ: 

 Á
ς ς(ʴ

σ ς(
Ê ρ Ȣ Ê ρ Ȣ ςÊ ȢȟÊ π (2.27)  

ˁʰʽ ˇ ʰ˄ʰʴˁʰʾˇˌ ʰˊʽʻ˃ˈˌ ʲʰˊ˗˄: 

 ή άὥὼάȟ
ς‍

ῷ πȢςυ

Ȣϳ

 (2.28)  

ˈˉˇˎ m ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʰˎˍˇˋˎˋ˔ʶˍʾˋʶ˖˄ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʵʽʰˍʹˊʹʻˇˏ˄ ˁʰʽ ʲ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 

ʰˁˊʾʲʶʽʰˌ όˉΦ˔Φ ʲ Ґ лΦллмύ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύΦ 

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶ ʹ ˋˍˇ˔ʰˋˍʽˁʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ 

ʶʽˋʱʴʶʽ ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʴʶʻ˗˄Σ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ʹ 

ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ˄ʰ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʶʴʶʻ˗˄ 

ʰˎˍ˗˄ ˃ʶ ˍʽˌ ˁ˂ʰˋˋʽˁʷˌ ˋˍʰˍʽˋˍʽˁʷˌ ʶˁˍʽ˃ʺˍˊʽʶˌΦ 

ɶ ʰʲʶʲʰʽˈˍʹˍʰ ʰˎˍʺΣ ʹ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˃ʶ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˍˎˉʽˁʺˌ 

ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ (Koutsoyiannis, 2005)Σ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʻʶ˖ˊʾʰ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ 

ˋˍʰˍʽˋˍʽˁʺˌ ʻʰ ˎˉʱˁˇˎʶ ˋˍˇ˄ ˉʰˊʰˁʱˍ˖ ˄ˈ˃ˇ: 

                                                             
* ” ” Ὦ ρ Ὦ ρ ςὮ ȟὮ π 
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 ὛὸὈὢ
„

Ѝὲ
 (2.29)  

ˈˉˇˎ ὢ ʹ ʵʶʽʴ˃ʰˍʽˁʺ ˃ʷˋʹ ˍʽ˃ʺΣ „ ʹ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˁʰʽ ὲ ʹ ˁ˂ʾ˃ʰˁʰ ˋˎ˄ʱʻˊˇʽˋʹˌ ʺ ˍˇ 

˃ʷʴʶʻˇˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

ɽˈʴ˖ ˍʹˌ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌ ˉˇˎ ʵʽʷˉʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ʵʽʶˊʴʰˋʾʶˌ 

ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˇ ˉʰˊʰˁʱˍ˖ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ˇˌ ˄ˈ˃ˇˌ ʴʽʰ ʰ˄ʶ˂ʾ˅ʶʽˌ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌ 

(Koutsoyiannis, 2002): 

 ὛὸὈὢ
„

ὲ
 (2.30)  

ʃʰˊʰˍʹˊʶʾˍʰʽ ˋʹ˃ʰ˄ˍʽˁʺ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ʰˉˈ ˍʹ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ʶˁˍʽ˃ʺˍˊʽʰΣ ˈˉ˖ˌ ʰˎˍʺ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺΦ ɶ 

ʵʽʰ˒ˇˊʱ ˂ˇʽˉˈ˄Σ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ʶ˅ʽˋ˗ˋʶ˖˄ ʴʾ˄ʶˍʰʽ ˉˇ˂ˏ ˋʹ˃ʰ˄ˍʽˁʺ ʴʽʰ ˃ʶʴʱ˂ʶˌ ˍʽ˃ʷˌ ˍˇˎ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ɶΣ ʶ˄˗ ʴʽʰ ɶ Ґ лΦр ˇʽ ʵˏˇ ʶ˅ʽˋ˗ˋʶʽˌ ˉˊʰˁˍʽˁʱ ˁʰʽ ʻʶ˖ˊʹˍʽˁʱ ˍʰˎˍʾʸˇ˄ˍʰʽΦ 

ɮ˄ʱ˂ˇʴʶˌ ʵʽʰ˒ˇˊʷˌ ˉʰˊʰˍʹˊˇˏ˄ˍʰʽ ˁʰʽ ˋʶ ʱ˂˂ʶˌ ˋˎ˄ʺʻʶʽˌ ˋˍʰˍʽˋˍʽˁʷˌ ʶˁˍʽ˃ʺˍˊʽʶˌΦ 

ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʶʾ˖ˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ n ˍʹˌ 

˔ˊˇ˄ˇˋʶʽˊʱˌ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˄ʰ ˁʰˍʰˋˍʶʾ ˉˊˇ˒ʰ˄ʺˌ ʹ ˃ʶʾ˖ˋʹ ʰˎˍʺΣ ˃ˉˇˊʶʾ ˄ʰ 

ˎˉˇ˂ˇʴʽˋˍʶʾ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲᴂ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʽˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌΣ 

˗ˋˍʶ: 

 
„

ὲ

„

Ѝὲᴂ
 (2.31)  

ɱʽʰ ˃ʽʰ ˔ˊˇ˄ˇˋʶʽˊʱ ˂ˇʽˉˈ˄ ˃ʺˁˇˎˌ ὲΣ ʹ ˇˉˇʾʰ ˉʰˊˇˎˋʽʱʸʶʽ ˋˎ˃ˉʶˊʽ˒ˇˊʱ 

˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌΣ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʽˌ 

ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ, ̄ ˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ 

ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ʰ˄ʱ˂ˇʴˇ ˍˊˈˉˇ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌ ˖ˌ: 

 ὲ ὲ  (2.32)  

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˒ˎˋʽˁʺ ʶ˅ʺʴʹˋʹ ˍˈˋˇ ˍ́  ̩ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹˌΣ ˈˋˇ ˁʰʽ ˍ́  ̩

˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ̩ʶ˃˃ˇ˄ʺΣ̩ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˃ʷʴʽˋˍʹˌ ʶ˄ˍˊˇˉʾʰˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ 

ζɾʰˊˁˇʲʽʰ˄ʺˌη ˉˊˇˋʷʴʴʽˋʹˌ ʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ˍʹˌ ʶ˄ˍˊˇˉʾʰˌ ˋʶ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˔ˊˇ˄ʽˁʺ 

ˁ˂ʾ˃ʰˁʰ ˁʰˍʰ˂ʺʴʶʽ ˋʶ ʶ˅ʱˊˍʹˋʹ MarkovΣ ʶ˄˗ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʹ ˃ʶʴʽˋˍˇˉˇʾʹˋʹ ʴʾ˄ʶʽ ˋʶ 

ˉˇ˂˂ʰˉ˂ʷˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ ˁʰˍʰ˂ʺʴˇˎ˃ʶ ˋʶ ʶ˅ʱˊˍʹˋʹ ˃ʰˁˊʱˌ ˁ˂ʾ˃ʰˁʰˌ (Koutsoyiannis & 

Montanari, 2007). 
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2.2 ɮ˅ʽˇˉˇʾʹˋʹ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˃ʶ ʶ˄ˇˉˇʾʹˋʹ ʵʽʰˊˁʶʽ˗˄ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʵʽʰˍʾʻʶ˄ˍʰʽ ˉʶˊʽˋˋˈˍʶˊʰ ˍˇˎ ʶ˄ˈˌ ʵʶʾʴ˃ʰˍʰ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁˇˏˌ ˋˍʰʻ˃ˇˏˌ*Σ ʰ˄ʰˁˏˉˍʶʽ ˍˇ ʸʺˍʹ˃ʰ  ˍʹˌ ˍʰˎˍˈ˔ˊˇ˄ʹˌ 

˃ʶ˂ʷˍʹˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰˍˇˌ ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Ϟ. 

ɶ ʶˉʰ˂ʺʻʶˎˋʹ ˍʹˌ ˎˉˈʻʶˋʹ ˉ˖ˌ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰˍʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ʾʵʽˇ 

ˉ˂ʹʻˎˋ˃ˈ ʺ ʰˉˇˍʶ˂ˇˏ˄ ʵʶʾʴ˃ʰˍʰ ˍʹˌ ʾʵʽʰˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍʹ 

ˉˊˇːˉˈʻʶˋʹ ʴʽʰ ˍʹ˄ ʶ˄ˇˉˇʾʹˋʹ ˁʰʽ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʵʶʽʴ˃ʱˍ˖˄ ˃ʶʴʰ˂ˏˍʶˊˇˎ ˃ʺˁˇˎˌΦ ʁ 

ʷ˂ʶʴ˔ˇˌ ˍʹˌ ʰ˄˖ˍʷˊ˖ ˎˉˈʻʶˋʹˌ ˉˊʷˉʶʽ ˄ʰ ʴʾ˄ʶˍʰʽ ˍˈˋˇ ʶ˃ˉʶʽˊʽˁʱ ˈˋˇ ˁʰʽ ˋˍʰˍʽˋˍʽˁʱΦ 

ʁ ʶ˃ˉʶʽˊʽˁˈˌ ʷ˂ʶʴ˔ˇˌ ʷʴˁʶʽˍʰʽ ˋˍʹ˄ ʵʽʰˉʾˋˍ˖ˋʹ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ˇ˃ˇʽˇʴʷ˄ʶʽʰˌ ˍʹˌ 

ˉʶˊʽˇ˔ʺˌ ˃ʶ˂ʷˍʹˌ όʵʽʰˉʾˋˍ˖ˋʹ ˃ʹ ˏˉʰˊ˅ʹˌ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁ˗˄ ʵʽʰ˒ˇˊ˗˄ ˋˍʰ 

ˋˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱύΣ ʶ˄˗ ˇ ˋˍʰˍʽˋˍʽˁˈˌ ʰ˒ˇˊʱ ˋˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ʵˇˁʽ˃ʺˌ Kruskal - 

Wallis όмфрнύ ʴʽʰ ˁʱʻʶ ˇ˃ʱʵʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄Σ ʹ ˇˉˇʾʰ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌ 

όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ.  

ʅʶ ˉʶˊʾˉˍ˖ˋʹ ˂ˇʽˉˈ˄Σ ˉˇˎ ˍʰ ˋˍʰˍʽˋˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃˗˄ ʶʾ˄ʰʽ 

ˋˍʰˍʽˋˍʽˁ˗ˌ ʰ˄ʶ˅ʱˊˍʹˍʰΣ ʹ ʶ˄ˇˉˇʾʹˋʹ ʷ˔ʶʽ ˖ ̩ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ 

ˋˍʰˍʽˋˍʽˁʺˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʰ˒ˇˏ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˍˇ 

ˇˉˇʾˇ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ 

ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˃ʹˁ˗˄ ό˃ʷʻˇʵˇˌ ˋˍʰʻ˃˗˄-ʶˍ˗˄ύ: 

 ά ὲ (2.33)  

ˈˉˇˎ m ˍ̌  ˃ʺˁˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ n ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰˍˇˌ 

ˁʰʽ k ̌  ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Φ 

ɼʰˍʰˍʱˋˋˇ˄ˍʰˌ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰ ˋʶ ˒ʻʾ˄ˇˎˋʰ ˋʶʽˊʱ ˁʰʽ ʰ˄ˍʽˋˍˇʽ˔˗˄ˍʰˌ 

ʰˏ˅ˇ˄ˍʶˌ ʰˊʽʻ˃ˇˏˌ ʺ ʲʰʻ˃ˇˏˌ όranks) ὶ ˋʶ ˈ˂ʶˌ ˍʽˌ m ˍʽ˃ʷˌϟ, ʶˉʰ˄ʶˊ˔ˈ˃ʰˋˍʶ ˋʶ ˁʱʻʶ 

ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ˁʰʽ ˎˉˇ˂ˇʴʾʸˇˎ˃ʶ ʴʽʰ ˁʱʻʶ ʵʶʾʴ˃ʰ ˍˇ ˃ʷˋˇ ʲʰʻ˃ˈ: 

                                                             
*
 ʺ ˁʰʽ ʰˉˈ ˍˇ˄ ʾʵʽˇ ˋˍʰʻ˃ˈ ʰ˂˂ʱ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔ˊˇ˄ʽˁʷˌ ˁ˂ʾ˃ʰˁʶˌ  
Ϟ
 ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ʶˁˍʽ˃ʺˋʶ˖ˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʽʰˌ ʶ˄ʽʰʾʰˌ ʷˁ˒ˊʰˋʹˌ ˈ˃ʲˊʽ˖˄ ˁʰ˃ˉˎ˂˗˄  
ϟ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˏˉʰˊ˅ʹˌ ˍʰˎˍˈˋʹ˃˖˄ ˍʽ˃˗˄Σ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˇ ˃ʷˋˇˌ ˈˊˇˌ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʲʰʻ˃˗˄Φ  
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 ὶӶ
ρ

ὲ
ὶ (2.34)  

ɮ˄ ˈ˂ʰ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰˍʰ ʷ˔ˇˎ˄ ˍʹ˄ ʾʵʽʰ ˁʰˍʰ˄ˇ˃ʺΣ ˍˈˍʶ ˁʱʻʶ ὶӶ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ 

ʲˊʾˋˁʶˍʰʽ ˉˇ˂ˏ ˁˇ˄ˍʱ ˋˍʹ˄ ˍʽ˃ʺ ά ρ ςϳΣ ʵʽʰ˒ˇˊʶˍʽˁʱ ˇʽ ˍʽ˃ʷˌ ὶӶ ʻʰ ʵʽʰ˒ʷˊˇˎ˄ 

ˋʹ˃ʰ˄ˍʽˁʱ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɮˎˍˈ ˇʵʹʴʶʾ ˋˍʹ ˔ˊʺˋʹ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ˉʰˊʰ˃ʷˍˊˇˎ Kruskal -  

Wallis (1952)Σ ʹ ˇˉˇʾʰ ˋˎ˄ʵˎʱʸʶʽ ˍˇˎˌ ˃ʷˋˇˎˌ ʲʰʻ˃ˇˏˌ ʰˉˈ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ: 

 Ὤ
ρς

άά ρ
ὲ ὶӶ

ά ρ

ς
 (2.35)  

ɮ˄ ˍʰ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰˍʰ ʶʾ˄ʰʽ ʰ˄ʶ˅ʱˊˍʹˍʰΣ ʹ ˋˍʰˍʽˋˍʽˁʺ ˋˎ˄ʱˊˍʹˋʹ ɶΣ ˍʹˌ ˇˉˇʾʰˌ 

ˋʹ˃ʶʽʰˁʺ ʶˁˍʾ˃ʹˋʹ ʶʾ˄ʰʽ ʹ ˉʰˊʰˉʱ˄˖ ˍʽ˃ʺ hΣ ʰˁˇ˂ˇˎʻʶʾ ˁʰˍʰ˄ˇ˃ʺ ˔2 ˃ʶ k-1 ʲʰʻ˃ˇˏˌ 

ʶ˂ʶˎʻʶˊʾʰˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈˌ ˇ ʷ˂ʶʴ˔ˇˌ* ˍʹˌ ˎˉˈʻʶˋʹˌ ɶ Ґ лϞΣ ˉˇˎ 

ʽˋˇʵˎ˄ʰ˃ʶʾ ˃ʶ ˍʹ˄ ˎˉˈʻʶˋʹ ˉ˖ˌ ˈ˂ʰ ˍʰ ʵʶʾʴ˃ʰˍʰ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ʾʵʽˇ ˉ˂ʹʻˎˋ˃ˈΦ 

ɮˁˈ˃ʹ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ˍʹˌ ˏˉʰˊ˅ʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʶ˅ʱˊˍʹˋʹˌΣ ˉʰˊˈ˂ˇ ˉˇˎ ʵʶ˄ 

ʶʾ˄ʰʽ ʵˎ˄ʰˍˈˌ ˇ ˋˍʰˍʽˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌ ˁʰʻ˗ˌ ʵʶ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ʹ ˁʰˍʰ˄ˇ˃ʺ ˍʹˌ ɶΣ ˇ ˋˍˈ˔ˇˌ 

ˍʹˌ ʶ˂ʰ˔ʽˋˍˇˉˇʾʹˋʹˌ ˍʹˌ ˍʽ˃ʺˌ h ʁ ˅ʰˁˇ˂ˇˎʻʶʾ ˄ʰ ʷ˔ʶʽ ˄ˈʹ˃ʰΦ 

ɱʽʰ ˄ʰ ʷ˔ʶʽ ʲʷʲʰʽʰ ˄ˈʹ˃ʰ ˇ ˉʰˊʰˉʱ˄˖ ˋˍʰˍʽˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌΣ ʻʰ ˉˊʷˉʶʽ ˍʰ ʶˉʽ˃ʷˊˇˎˌ 

ʵʶʾʴ˃ʰˍʰ ˉˇˎ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʹ˄ ʾʵʽʰ ʵʽʱˊˁʶʽʰ ˄ʰ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁ˗ˌ ʰ˄ʶ˅ʱˊˍʹˍʰΦ ɶ ˎˉˈʻʶˋʹ 

ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ʶ˂ʷʴ˔ʶˍʰʽ ˁʰʽ ˉʱ˂ʽ ˍˈˋˇ ʶ˃ˉʶʽˊʽˁʱ ˃ʶ ˍʹ˄ ʵʽʰˉʾˋˍ˖ˋʹ ˉ˖ˌ 

ʵʶ˄ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ˁʰˍʰʴˊʰ˒ʷˌ ˍ˖˄ ʾʵʽ˖˄ ˃ʶʴʶʻ˗˄ όˉΦ˔Φ ʶˉʶʽˋˇʵʾ˖˄ ʲˊˇ˔ʺˌύ ˋʶ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˔˖ˊʽˁʷˌ ʻʷˋʶʽˌΣ ˈˋˇ ˁʰʽ ˋˍʰˍʽˋˍʽˁʱ ˃ʶ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍˇˎ ˁʰˍʱ ˉˈˋˇ ˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˎˋ˔ʷˍʽˋʹˌ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊʹʻʶʾ ˃ʹʵʷ˄ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ. 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˃ʷʻˇʵˇˌ ʵʶ˄ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ʰ˄ʶˉʽ˒ˏ˂ʰˁˍʰ ˁˎˊʾ˖ˌ 

ˋʶ ˃ʽˁˊʱ ʵʶʾʴ˃ʰˍʰ ˁʰʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ʵʶʽʴ˃ʱˍ˖˄ ˋʶ ˁˇ˄ˍʽ˄ʷˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ ʰˉˇˋˍʱˋʶʽˌ, 

ˁʰʻ˗ˌ ʹ ʻʶˍʽˁʺ ʷˁʲʰˋʹ ˍˇˎ ʶ˂ʷʴ˔ˇˎ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ʶ˄ ˂ˈʴ˖ ʵʶʽʴ˃ʱˍ˖˄ ʵʶ˄ 

ˋʹ˃ʰʾ˄ʶʽ ʰˉʰˊʰʾˍʹˍʰ ˁʰʽ ˍʹ˄ ʰ˄ʶ˅ʰˊˍʹˋʾʰ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 

1997).  

                                                             
* ʁ ʷ˂ʶʴ˔ˇˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ˃ʹ ˉʰˊʰ˃ʶˍˊʽˁˈˌ ˃ʶ ˍʹ˄ ʷ˄˄ˇʽʰ ˈˍʽ ʵʶ˄ ˁʱ˄ʶʽ ˁʰ˃ʽʱ ˎˉˈʻʶˋʹ ˋ˔ʶˍʽˁʱ ˃ʶ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ 
ˉˇˎ ʰˁˇ˂ˇˎʻʶʾ ʹ ˃ʶˍʰʲ˂ʹˍʺ ˉˇˎ ˉʶˊʽʴˊʱ˒ˇˎ˄ ˍʰ ˉˊˇˌ ʶ˄ˇˉˇʾʹˋʹ ʵʶʾʴ˃ʰˍʰ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ 
Ϟ
 ɱʽʰ ˄ʰ ˁʰˍʰˋˍʶʾ ʵˎ˄ʰˍʺ ʹ ʶ˄ˇˉˇʾʹˋʹΣ ʻʰ ˉˊʷˉʶʽ ʹ ˋˍʰˍʽˋˍʽˁʺ ˉʰˊʱ˃ʶˍˊˇˌ h ˄ʰ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ˍʹˌ 
ʰ˄ˍʾˋˍˇʽ˔ʺˌ ˁˊʾˋʽ˃ʹˌ ˍʽ˃ʺˌ ˍʹˌ hc. 
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2.3 ʃˊˇˋˉʱʻʶʽʶˌ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ 

ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ 

2.3.1 ʃˊˇˋʷʴʴʽˋʹ ˃ʶ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌ  

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʶ˒ˈˋˇ˄ ˍʰ ˎ̄ ˈ ˃ʶ˂ʷˍʹ ˋˍʰˍʽˋˍʽˁʱ ʵʶʾʴ˃ʰˍʰ ʶʾ˄ʰʽ ˋˍʰˍʽˋˍʽˁ˗ˌ 

ʰ˄ʶ˅ʱˊˍʹˍʰΣ ʹ ʶ˄ˇˉˇʾʹˋʹ ʷ˔ʶʽ ˖ ̩ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ˋʹ˃ʰ˄ˍʽˁʺ ʰˏ˅ʹˋʹ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ 

ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʰ˒ˇˏ ˍˇ ˃ʺˁˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˍˇ ˇˉˇʾˇ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ʰ˅ʽˇˉʽˋˍʾʰ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄Σ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ 

ʶˉʽ˃ʷˊˇˎˌ ˃ʹˁ˗˄Φ ʍˋˍˈˋˇ ʹ ʶ˄ˇˉˇʾʹˋʹ ʶʾ˄ʰʽ ʶˉʽˍˊʶˉˍʺ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˏˉʰˊ˅ʹˌ 

ˋˍˇ˔ʰˋˍʽˁʺˌ ʶ˅ʱˊˍʹˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ʰˎˍʺ ʹ 

ʰ˅ʽˇˉʽˋˍʾʰ ʵʶ˄ ʰˎ˅ʱ˄ʶˍʰʽ ˍˇ ʾʵʽˇΣ ˈˉ˖ˌ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ 

ʵʶʽʴ˃ʱˍ˖˄Φ 

ɴˋˍ˖ ˎʵˊˇ˂ˇʴʽˁʺ ˃ʶˍʰʲ˂ʹˍʺ ʋΣ ˍʹˌ ˇˉˇʾʰˌ ˇʽ ˃ʶˍˊʺˋʶʽˌ ˁʰˍʰʴˊʱ˒ˇ˄ˍʰʽ ʰˉˈ k 

ˋˍʰʻ˃ˇˏˌ ˃ʽʰˌ ˁ˂ʽ˃ʰˍʽˁʱ ˇ˃ˇʴʶ˄ˇˏˌ ˉʶˊʽˇ˔ʺˌ ˁʰʽ n ˍˇ ʵʽʰʻʷˋʽ˃ˇ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ʰˉˈ 

ˁʱʻʶ ˋˍʰʻ˃ˈ (ˍʰˎˍˈ˔ˊˇ˄ʰ ʵʶʾʴ˃ʰˍʰ ˃ʺˁˇˎˌ n)Φ ʁʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ό˃jύ ˁʰʽ ˍʹˌ 

ʵʽʰˋˉˇˊʱˌ όˋj
2) ˍˇˎ ˉ˂ʹʻˎˋ˃ˇˏ ˍˇˎ j ˋˍʰʻ˃ˇˏ ˃ʶ ʲʱˋʹ ˍʽˌ ˍʽ˃ʷˌ ὢ  (i ʶʾ˄ʰʽ ʹ ˔ˊˇ˄ʽˁʺ 

ˁ˂ʾ˃ʰˁʰ ˁʰʽ j ˇ ʶˁʱˋˍˇˍʶ ˋˍʰʻ˃ˈˌύ ʶʾ˄ʰʽ ʰ˄ˍʾˋˍˇʽ˔ʰ (Yevjevich, V, 1972): 

  
ρ

ὲ
ὢ ȟ ί

ρ

ὲ
ὢ ὢ  (2.36)  

ɮ˄ ˍʰ ˎˉˈ ˃ʶ˂ʷˍʹ ʵʶʾʴ˃ʰˍʰ ʶʾ˄ʰʽ ˋˍˇ˔ʰˋˍʽˁʱ ʰˋˎˋ˔ʷˍʽˋˍʰ (˃ʹʵʶ˄ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ)* ˁʰʽ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ʷ˔ʶʽ ˃ʹ ˋˍʰˍʽˋˍʽˁʱ ˋʹ˃ʰ˄ˍʽˁʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ 

όˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍʶʾ˄ʶʽ ˋˍˇ ˃ʹʵʷ˄ύΣ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʹ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ 

ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰˍˇˌ ˃ʺˁˇˎˌ ὲ Ὧὲ 

ό˃ʷʻˇʵˇˌ ˋˍʰʻ˃˗˄ - ʶˍ˗˄ύΦ ʆʰ ʶˉʽ˃ʷˊˇˎˌ ˈ˃˖ˌ ʵʶʾʴ˃ʰˍʰ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ ˄ʰ ʶʾ˄ʰʽ ˋˍˇ˔ʰˋˍʽˁʱ 

ˋˎˋ˔ʶˍʽˋ˃ʷ˄ʰ όˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ґ 0). ɶ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ˋˍˇ˔ʰˋˍʽˁʱ 

ʶ˅ ʰˊˍʹ˃ʷ˄˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʵʶʾʴ˃ʰˍˇˌ ˉˇˎ 

ʶ˃ˉʶˊʽʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ: ὲ < ὲ ὯὲΣ ˈˉˇˎ ὲ  ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ 

˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ, ˋˍˇ˔ʰˋˍʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ʶˉʽ˃ʷˊˇˎˌ 

ʵʶʽʴ˃ʱˍ˖˄. 

                                                             
* ʃʶˊʾˉˍ˖ˋʹ ˉˇˎ ˃ʶˍʰˉʾˉˍʶʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉ˂ʺˊ˖ˌ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ 
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ɶ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˁʰʽ ʹ ʵʽʰˋˉˇˊʱ ʰˎˍʺˌ 

ʶˏˁˇ˂ʰ ˃ˉˇˊʶʾ ˄ʰ ʵʶʽ˔ˍʶʾ ˉ˖ˌ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˖ˌ ʰˁˇ˂ˇˏʻ˖ˌ όYevjevich, V, 1972): 

  
ρ

Ὧ
ὢȟ (2.37)  

 ὺὥὶὢ  ί ὢ
ρ

Ὧ
ί

ς

Ὧ
ὶίίȟ (2.38)  

ˈ̄ ˇˎ ˍʰ  ȟίʶˁˍʽ˃˗˄ˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹ (2.36), ίȟίʁ ʾ˄ʰʽ ˇʽ ˍˎˉʽˁʷˌ ʰˉˇˁ˂ʾˋʶʽˌ ˍˇˎ 

ʰ˄ˍʾˋˍˇʽ˔ˇˎ ʸʶˏʴˇˎˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ὶ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮȢ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ʷ˔ʶʽ ˃ʷˋʹ ˍʽ˃ʺ ˃ʹʵʷ˄ ˁʰʽ ʵʽʰˋˉˇˊʱ 

ί  ‘―‖”ʝ†‐”– †–‟ί Σ ˍˈˍʶ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ʶʾ˄ʰʽ ʶˉʾˋʹˌ ˃ʹʵʷ˄ 

όʶ˅Φ(2.37)) ˁ ʰʽ ˇ ˃ʷˋˇˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ (Yevjevich, V, 1972): 

 ὶӶ
ςВ В ὶ

ὯὯ ρ
 (2.39)  

ɶ ʶ˅ʾˋ˖ˋʹ ˂ˇʽˉˈ˄ (2.38) ̄ ʰʾˊ˄ʶʽ ˍʹ˄ ʶ˅ʺˌ ˃ ˇˊ˒ʺΥ 

 ί
ί

Ὧ
ρ ὶӶὯ ρ  (2.40)  

ʃʰˊʰˍʹˊʶʾˍʰʽ όʶ˅Φ (2.40)) ̄ ˖ˌ ʴʽʰ ὶӶ π, ί Σ ˁʰʽ ˉ˖ˌ ʴʽʰ ὶӶ ρ, ί ί. 

ɴˋˍ˖ ˂ˇʽˉˈ˄ ke ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ k ˋˍˇ˔ʰˋˍʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˍˈˍʶ ʹ ʵʽʰˋˉˇˊʱ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ʽˋˇˏˍʰʽ ˃ʶ 

ί Φ ɳ˅ʽˋ˗˄ˇ˄ˍʰˌ ˍʹ ˋ˔ʷˋʹ ʰˎˍʺ ˃ʶ ˍʹ˄ ʶ˅Φ (2.40) ̄ ʰʾˊ˄ˇˎ˃ʶ: 

 Ὧ
Ὧ

ρ ὶӶὯ ρ
 (2.41)  

ɸʶ˖ˊ˗˄ˍʰˌ ὲ ὲᴂ ὲᴂ Ễ ὲᴂ, ̍ ˉˇˎ ὲᴂ ́ ˋˎ˄ʶʽˋ˒ˇˊʱ ˍˇˎ ˋˍʰʻ˃ˇˏ ὭΣ ʶ˄˗ 

ˉˊˇ˒ʰ˄˗ˌ ὲᴂ ὲΣ ˉˊˇˁˏˉˍʶʽ ˈˍʽ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁ ΦʰΦ, 2010): 

 ὲ
ρ ὶӶ

ρ Ὥ ρὶӶρ Ὥ ςὶӶ
ὲ (2.42)  
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ʺ ʰ˄ʰʵˊˇ˃ʽˁʱ ὲ ὲȟ
ὲ

ὲ

ρ Ὥ σὶӶ

ρ Ὥ ρὶӶ
 (2.43)  

ɶ ʅ̝ ʷˋʹ (2.41) ʰˉˇʵʾʵʶˍʰʽ ˋˍˇˎˌ Yule and Alexander (Yule, 1945̃ Matalas and 

Langbein, 1962̃ Yevjevich, 1972, ̀ . 245̃ National Research Council, 1988, ̀ . 25̃ Castellarin 

et al., 2005). 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ὶӶ π, Ὧ ‖, ʶ˄˗ ʴʽʰ ὶӶ ρ, Ὧ ρ (ʶ˅Φ (2.41)). ʁ ʽˋˇʵˏ˄ʰ˃ˇˌ 

ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ Ὧ ʶʾ˄ʰʽ ʰˊˁʶˍʱ ʶˎʰʾˋʻʹˍˇˌ ˋˍʽˌ ʰ˂˂ʰʴʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶӶ ˁʰʽ ˉˇ˂ˏ ˂ʽʴˈˍʶˊˇ ʶˎʰʾˋʻʹˍˇˌ ˋˍʽˌ ˃ʶˍʰʲˇ˂ʷˌ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ ˎˉˈ 

˃ʶ˂ʷˍʹ ʵʶʽʴ˃ʱˍ˖˄ kΦ ɮ˄ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˍʶʾ˄ʶʽ ˋˍˇ Њ, ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ 

ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ Ὧ ˍʶʾ˄ʶʽ ˋˍʹ˄ ˍʽ˃ʺ 
Ӷ
 . ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ˎˉʱˊ˔ʶʽ ʷ˄ʰ ʰ˄˗ˍʰˍˇ ˈˊʽˇ ˋˍˇ 

˃ʷʴʶʻˇˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ˒ˍʱˋʶʽ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ̋ ˍˇʽΥ 

 Ὧ ρ
ὶӶ (2.44)  

ɮˁˈ˃ʹ ˁʰʽ ʴʽʰ ˃ʽˁˊʷˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ 

ˋˍʰʻ˃˗˄ Ὧʵʶ˄ ˃ˉˇˊʶʾ ˄ʰ ʰˎ˅ʹʻʶʾ ʰʽˋʻʹˍʱ ʰˁˈ˃ʹ ˁʰʽ ʴʽʰ ˃ʶʴʱ˂ʹ ʰˏ˅ʹˋʹ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ 

ʵʽʰʻʷˋʽ˃˖˄ ʵʶʽʴ˃ʱˍ˖˄Φ ɶ ʶ˄ˇˉˇʾʹˋʹ ˂ˇʽˉˈ˄Σ ˋ̱ ˇ˔ʰˋˍʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ʵʶʽʴ˃ʱˍ˖˄, ʷ˔ʶʽ ˖ˌ 

ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʵʶʾʴ˃ʰˍˇˌ ˉˇˎ ʶ˃ˉʶˊʽʷ˔ʶʽ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

˃ʽˁˊˈˍʶˊˇ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ όˋ˔ʶʵˈ˄ ˋˍˇ ˃ʽˋˈ) ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ 

ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄Σ ˃ʶ ˍʹ˄ ˉˊˇːˉˈʻʶˋʹ ʲʷʲʰʽʰ ˉ˖ˌ ˍʰ 

ʵʽʰʻʷˋʽ˃ʰ ʵʶʾʴ˃ʰˍʰ ɻ ʶ˄ ʶʾ˄ʰʽ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄ʰ (Yevjevich, V, 1972). 

ɾʶ ʰ˄ʱ˂ˇʴˇ ˍˊˈˉˇ ˃ˉˇˊʶʾ ˄ʰ ʶˁˍʽ˃ʹʻʶʾ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ˃ʶ ʲʱˋʹ ˍʹ 

ʵʽʰˋˉˇˊʱ* ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ί (Stedinger, 1983 ς ɳ˅ʾˋ˖ˋʹ όорύύΣ 

ʹ ̌̄ ˇʾʰ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ: 

 ὺὥὶί
ςί

Ὧὲ ρ
ρ ὶӶὯ ρ  (2.45)  

ˁʰʽ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ Ὧ ̟ :̩ 

                                                             
* ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʰ˃ʶˊˈ˂ʹˉˍʹ 

ʶˁˍʽ˃ʺˍˊʽʰ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ: ὺὥὶί   
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 Ὧ
Ὧ

ρ ὶӶὯ ρ
 (2.46)  

ʂˍʰ˄ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˍʶʾ˄ʶʽ ˋˍˇ ʱˉʶʽˊˇΣ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ 

ˋˍʰʻ˃˗˄ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ˍʶʾ˄ʶʽ ˋˍʹ˄ ˍʽ˃ʺ Σ ʵʹ˂ʰʵʺ ʷ˄ʰˌ ʰˊʽʻ˃ˈˌ 

ʵʽʰʻʷˋʽ˃˖˄ ʵʶʽʴ˃ʱˍ˖˄ ˉˇˎ ˍʶʾ˄ʶʽ ˋˍˇ ʱˉʶʽˊˇ ʶ˃ˉʶˊʽʷ˔ʶʽ ˍˈˋʹ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˈˋʹ  

ʰ˄ʶ˅ʱˊˍʹˍʰ ʵʶʾʴ˃ʰˍʰ (Stedinger, 1983). 

ɼh ˍΩ ʶˉʷˁˍʰˋʹ ˇʽ ˋ˔ʷˋʶʽˌ (2.42), (2.43) ˁʰʽ (2.44)Σ ʵʽʰ˒ˇˊˇˉˇʽˇˏ˄ˍʰʽ ˋʶ 

όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ нлмлύ:  

ʺ ʰ˄ʰʵˊˇ˃ʽˁʱ ὲ ὲȟ
ὲ

ὲ

ρ Ὥ σὶӶ

ρ Ὥ ρὶӶ
 (2.48)  

 Ὧ ρ
ὶӶ (2.49)  

ɶ ˋˏʴˁˊʽˋʹ ˍ˖˄ ˋ˔ʷˋʶ˖˄ (2.42) ˁʰʽ (2.47) ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˉ˖ˌ ʹ ˉˊˇˋʻʺˁʹ ˉ˂ʹˊˇ˒ˇˊʾʰˌ 

ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ 

ʵʽʰˋˉˇˊʱˌ ˋʶ ˋ˔ʷˋʹ ˃ ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΦ 

ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʰ˄ʱ˂ˇʴʶˌ ˋ˔ʷˋʶʽˌ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʰˊˍʽˋˍˇˏ˄ ˁʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ 

ʵʽʰˋˉˇˊʷˌ ʱ˂˂˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʹˍˊʽ˗˄ όˉΦ˔Φ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʰˋˎ˃˃ʶˍˊʾʰˌ ς Stedinger, 1983 - ɳ˅ʾˋ˖ˋʹ ό41)ύΦ ɶ ʶˉʽ˂ˇʴʺ ʲʷʲʰʽʰ ˍʹˌ ˉ˂ʷˇ˄ ˁʰˍʱ˂˂ʹ˂ʹˌ ʴʽʰ 

ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ, ʁ ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ʶˁʱˋˍˇˍʶ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˋˍʰˍʽˋˍʽˁˈ ˃ʷʴʶʻˇˌΦ 

2.3.2 ʃˊˇˋʷʴʴʽˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo 

ɮˊˁʶˍʷˌ ˉˊˇˋˉʱʻʶʽʶˌ ʷ˔ˇˎ˄ ʴʾ˄ʶʽ ˉˇˋˇˍʽˁˇˉˇʾʹˋʹˌ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ 

ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte CarloΣ ˉʷˊʰ˄ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹˌ ˃ʶ 

ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌ ˉˇˎ ˉʰˊˇˎˋʽʱˋˍʹˁʶ ˉʰˊʰˉʱ˄˖Φ 

ʁ ̔ Castellarin, Vogel ˁʰʽ Matalas (2005), ̀ ˍʹ˄ ˉˊˇˋˉʱʻʶʽʰ ˁʰˍʱˊˍʽˋʹˌ ˁʰ˃ˉˎ˂˗˄ 

ʰˁˊʰʾ˖˄ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ ʴʽʰ ˃ʾʰ ˉʶˊʽˇ˔ʺ (Regional Envelope Curve - REC) ˃ʶ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˉʶˊʽˈʵ˖˄ ʶˉʰ˄ʰ˒ˇˊʱˌ όˉʽʻʰ˄ˇˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹύΣ 

ʰ˅ʽˇ˂ˇʴˇˏ˄ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˃ʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte CarloΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ 

ˎˉˈ˕ʹ ˍʹ˄ ʶˉʾʵˊʰˋʹ ˍʹˌ ˔˖ˊʽˁʺˌ ˋˍˇ˔ʰˋˍʽˁʺ ̩ʶ˅ʱˊˍʹˋʹˌ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˉʶˊʽˈʵˇˎ 

ʶˉʰ˄ʰ˒ˇˊʱˌΦ 

 ὲ
ρ ὶӶ

ρ Ὥ ρὶӶρ Ὥ ςὶӶ
ὲ (2.47)  
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ʆˇ ˉˊˈʲ˂ʹ˃ʰ ˍˇ ˎ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ˉʶˊʽˈʵ˖˄ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍ˖˄ ʰˁˊʰʾ˖˄ 

ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ ʴʽʰ ˃ʽʰ ˉʶˊʽˇ˔ʺΣ ˋˍʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʷˊʶˎ˄ʰˌΣ ʰ˄ʱʴʶˍʰʽ ˋˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ʵʶʽʴ˃ʱˍ˖˄ 

ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ˉʰˊˇ˔˗˄*. 

ɱʽʰ ˄ʰ ˁʰˍʰˋˍʶʾ ʰˎˍˈ ʶ˒ʽˁˍˈ ʵʽʶ˄ʶˊʴʶʾˍʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ 

нлΣллл ˋʶˍ k ˍˎ˔ʰʾ˖˄ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˉʰˊˇ˔ʺˌ, ˔ˊˇ˄ʽˁʱ ʰˋˎˋ˔ʷˍʽˋˍ˖˄, 

ˁʰˍʰ˄ˇ˃ʺˌ GumbelΣ ˃ʶ ʰˊʽʻ˃ˈ ˔ˊˇ˄ˇˋʶʽˊ˗˄ k = 2, 5, 10, 20, 50, 100, 200 ˁʰʽ рллΣ 

ˍʰˎˍˈ˔ˊˇ˄˖˄ ˁʰʽ ʾʵʽˇˎ ˃ʺˁˇˎˌ n ˁʰʽ ˃ʶ ˃̫ ˋˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ὶӶ πȢπȟπȟςȟπȢτȟπȢφ ‖‌― πȢψ. ɮ˄ʰˉˍˏˋˋˇ˄ˍʰˌ ˃ʾʰ ˉˊ˗ˍʹˌ ˍʱ˅ʹˌ ˉˊˇˋʷʴʴʽˋʹ 

ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍˇˎ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ˇˎ ˉˇˋˇˋˍʹ˃ˇˊʾˇˎ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ 

ˁʱʻʶ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌΣ ʰˉˇʵʶʽˁ˄ˏʶˍʰʽ ˉ˖ˌ ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌ 

ˉˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍˇ ʰ˄ˍʾˋˍˇʽ˔ˇ ˉˇˋˇˋˍʹ˃ˈˊʽˇ ˁʰʻˇˊʾʸʶʽ ˁʰʽ ˍʹ ʵʽʰˋˉˇˊʱ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ 

ˉˇˋˇˋˍʹ˃ˇˊʾˇˎ (Castellarin et al., 2005). 

ɱʽʰ ˁʱʻʶ ˋʶˍ ˂ˇʽˉˈ˄ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˃ʶˍʰ˅ˏ 

ˍ˖˄ k ˔ˊˇ˄ˇˋʶˊ˗˄, ὴ  όнлΣллл ˉʽʻʰ˄ˈˍʹˍʶˌύ ˁʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ ʶˁˍʽ˃ʱˍʰʽ ʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ 

ʺˍʰ˄ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ʹ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ʶˁˍʾ˃ʹˋʹ ʻʰ ˍʰˎˍʾʸˇ˄ˍʰ˄ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˍʽ˃ʺ (Loucks et al., 1981): 

 ὺὥὶὴ
Ὧ

Ὧ ς Ὧ ρ
 (2.50)  

ɶ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˉˇˎ ˋˎ˄ʵʷʶˍʰʽ ˃ʶ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ 

ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌ ˍ˖˄ ˁʰˍʰʴˊʰ˒˗˄ ˍ˖˄ ʰˁˊʰʾ˖˄ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ ˃ʽʰˌ 

ˉʶˊʽˇ˔ʺˌ ʶˁˍʽ˃ʺʻʹˁʶ ˃ʶ ˍʹ˄ ʶˏˊʶˋʹ ˍʹˌ ˍʽ˃ʺˌ k  ˉˇˎ ʽˁʰ˄ˇˉˇʽʶʾ ˍʹ ˋ˔ʷˋʹ (2.50), ʴʽʰ ˁʱʻʶ 

ˍʽ˃ʺ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌ ˈˉ˖ˌ ˉˊˇˋʶʴʴʾˋˍʹˁʶ ʰˉˈ ˍʹ˄ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte CarloΣ ʴʽʰ ˁʱʻʶ ˋʶˍ ὯȟὲȟὶӶ. 

ʁ ʽˋˇʵˏ˄ʰ˃ˇˌ ˂ˇʽˉˈ˄ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ὓ  ˃ʶ ʲʱˋʹ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ 

ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ, ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˖ˌ 

(Castellarin et al., 2005): 

                                                             
*
 ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˍʰ ʵʶʾʴ˃ʰˍʰ ʺˍʰ˄ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʰ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱ ʴʾ˄ʶˍʰʽ 
˃ʶ ̡ɦˋʹ ˍʹ˄ ʰ˃ʶˊˈ˂ʹˉˍʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ ʺ ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ Weibull 
(ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύΦ 
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 ὓ
Ὧ

ρ ὶ Ὧ ρ
ȟ   ‍ḧρȢτ

ὲὯȢ

ρ ὶ Ȣ
 (2.51)  

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˇʽ ʶˁ˒ˊʱˋʶʽˌ ὶ‖‌― ρ ὶ Ȣ  ʰˉˇˍʶ˂ˇˏ˄ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ 

ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΦ ʆˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁˈ ˍˇˎ ʰ˄˖ˍʷˊ˖ ˃ˇ˄ˍʷ˂ˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 

ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʽ ˍˇ ˁʰʻʽˋˍʱ ˁʰˍʱ˂˂ʹ˂ˇ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˔˖ˊʽˁʷˌ ˁʰˍʰ˄ˇ˃ʷˌ 

ʰˎˍ˗˄Φ 

ʁ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌ ˃ʶ ʲʱˋʹ ˍʹ ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ Gringorten 

(1963)* ˁʰʽ ˍʹ˄ ʰ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹ ˂ˇʽˉˈ˄ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ʶˁˍʽ˃ʺˍˊʽʰΣ ʹ ʶˉʱˊˁʶʽʰ ˍʹˌ 

ˈˉˇʽʰˌ ʰ˅ʽˇ˂ˇʴʺʻʹˁʶ ˁʰʽ ˉʱ˂ʽ ˃ʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo (Castellarin et 

al, 2005): 

 ὴǶ
πȢυφ

ὓ ὲ πȢρς
ȟ    (2.52)  

ɮˁ̌˂ ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ (ʅ˔ʺ˃ʰ 2.1) ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ 

ὓ Σ ˈˉ˖ˌ ʰˎˍˈˌ ʶˁˍʽ˃ʺʻʹˁʶ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte CarloΣ ʴʽʰ ʵʽʱ˒ˇˊˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˈˉ˖ˌ ʰˎˍʷˌ ˉˊˇˋʶʴʴʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ 

ʶ˃ˉʶʽˊʽˁˈ ˃ˇ˄ˍʷ˂ˇ όʅ˔ʷˋʹ (2.51))Σ ʶ˄˗ ˋˍˇ ʅ˔ʺ˃ʰ 2.2 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʴʶ˄ʽˁʶˎ˃ʷ˄ʶˌϞ 

ˁʰ˃ˉˏ˂ʶˌ ʶˁˍʾ˃ʹˋʹˌ ˍʹˌ ʶˉʾʵˊʰˋʹˌ ˍʹˌ ˔˖ˊʽˁʺˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʶ˅ʱˊˍʹˋʹˌ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ 

ʵʶʽʴ˃ʱˍ˖˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˎˉʷˊʲʰˋʹˌ ˍ˖˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄˖˄ ʰˁˊʰʾ˖˄ 

ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ ʴʽʰ ˃ʽʰ ˉʶˊʽˇ˔ʺ. 

                                                             
* ɶ ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ Gringorten ˉʰˊʷ˔ʶʽ ʰ˃ʶˊˈ˂ʹˉˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ  ˉˇˋˇˋˍʹ˃ˇˊʾ˖˄ ʴʽʰ ˁʰˍʰ˄ˇ˃ʺ Gumbel 
(Stendiger et al, 1993). 
Ϟ
 ɱʽʰ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ WeibullΣ ʹ ˇˉˇʾʰ ʵʾʵʶʽ ʰ˃ʶˊˈ˂ʹˉˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ 
ˉʽʻʰ˄ˇˍʺˍ˖˄ ˎˉʷˊʲʰˋʹˌ ʴʽʰ ˁʱʻʶ ˁʰˍʰ˄ˇ˃ʺΦ 
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ʅ˔ʺ˃ʰ 2.1: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗:˄ ɳˁˍʽ˃ʺˋʶʽˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ̀ ʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ 
ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʁ ˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʶ˃ˉʶʽˊʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ (ʃʹʴʺ: Castellarin et al., 2005). 

 

 

ʅ˔ʺ˃ʰ 2.2: ʃʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ό˔ˊˈ˄ʽʰύ ˍ˖˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄˖˄ ʰˁˊʰʾ˖˄ ˉ˂ʹ˃˃ˎˊʽˁ˗˄ ʶˉʶʽˋˇʵʾ˖˄ 
˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ˁʰʽ ˍˇˎ ʵʽʰʻʷˋʽ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄Σ ʴʽʰ ˃ʷˋˇ 
ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΥ όa) ►=0.2, (b) ►ҐлΦп ˁʰʽ (c) ►=0.6 όʃʹʴʺΥ /ŀǎǘŜƭƭŀǊƛƴ Ŝǘ ŀƭ., 2005). 

ʃʰˊˈ˂ˇ ˉˇˎ ˍˇ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇ ˃ˇ˄ˍʷ˂ˇ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʶ˃ˉʶʽˊʽˁʱ ʶˉʽˍˎʴ˔ʱ˄ʶʽ ˁʰˍʰˊ˔ʱˌ 

˄ʰ ʰ˄ʰˉʰˊʰʴʱʴʶʽΣ ˁʱˍ˖ ʰˉˈ ˍʹ˄ ˎˉˈʻʶˋʹ ˍʹˌ ˁ˂ʽ˃ʰˍʽˁʺˌ ˇ˃ˇʽˇʴʷ˄ʶʽʰˌΣ ˍʹ ˋˍˇ˔ʰˋˍʽˁʺ 

ʶ˅ʱˊˍʹˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˃ʶ ˍʹ˄ ˉʰˊˇˎˋʾʰ ˍˇˎ ʶˁʻʷˍʹ ʲ ˁʰʽ ˉʰˊʱ˂˂ʹ˂ʰ 

ʴʶ˄ʽˁʶˏʶʽ ʰˎˍʺ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ˁʰʽ ʴʽʰ ˃ʶʴʰ˂ˏˍʶˊˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˍˇ˄ 

ˈˊˇ ρ ὶ Ȣ Φ ʆˇ ˉʽˇ ˋʹ˃ʰ˄ˍʽˁˈ ʲʷʲʰʽʰ ʶʾ˄ʰʽ ʹ ʽˁʰ˄ˇˉˇʾʹˋʹ ˍ˖˄ ˇˊʽʰˁ˗˄ ˋˎ˄ʻʹˁ˗˄Σ 

ʵʹ˂ʰʵʺ ˉ˖ˌ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ л ʺ м ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˉˊˇˋʶʴʴʾʸˇˎ˄ ˍʽˌ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʻʶ˖ˊʹˍʽˁʷˌ ˍʽ˃ʷˌ (Castellarin et al, 2005). 

ʃʰˊˈ˃ˇʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˁʰʽ ʰˉˈ ˍˇˎˌ ɼˇˎˍˋˇʴʽʱ˄˄ʹ ˁΦʰΦ όнлмлύΣ ˇʽ 

ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ˇˉˇʾ˖˄ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ ʻʰ ʶˉʶˁˍʰʻˇˏ˄ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ 

ˉʰˊˇˏˋʰˌ ˃ʶˍʰˉˍˎ˔ʽʰˁʺˌ ʁ ˊʴʰˋʾʰˌΦ  
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ɶ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˃ʶ ʲʱˋʹ ˍʹ 

ʻʷˋʹ ˋ˔ʶʵʾʰˋʹˌ Weibull ʴʽʰ ʵʶʾʴ˃ʰ ˃ʶʴʷʻˇˎˌ n, ʶʾ˄ʰʽ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 

1997): 

 Ὕ ὲ ρῳ   (2.53)  

ˈ̄ ˇˎ ῳ*ȟʂ ɼɻʎʅʆʙ  ʔʍʋʉʅʆʙ ʆʇʚʈɻʆɻ. 

ʅ̱ ʰ ˉ˂ʰʾˋʽʰ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˃ʶ˂ʷˍʹˌ ʶˉʽ˔ʶʽˊʺʻʹˁʶ ˄ʰ ʲˊʶʻʶʾ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ ὲ ὲᴂᴂᴂὲᴂᴂᴂỄ ὲᴂᴂᴂΣ ˍˇ ˇˉˇʾˇ ˁʰˍΩ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ʻʰ ʵ˗ˋʶʽ ˍʹ˄ ˉʶˊʾˇʵˇ 

ʶˉʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˖ˌ: 

 Ὕ ὲ ρῳ   (2.54)  

ɾʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ aƻƴǘŜ /ŀǊƭƻ ˂ˇʽˉˈ˄Σ ʵʽʶˊʶˎ˄ʺʻʹˁʶ ʹ ʶˉʰˏ˅ʹˋʹ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ 

˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ʅˎʴˁˊʽ˃ʷ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʴʽʰ ʵˏˇ ˍˎ˔ʰʾʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˃ʶ ˃ʹʵʶ˄ʽˁˈ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ό˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌύΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ˍʹˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΦ ɾʶ ʲʱˋʹ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉʰˊʰˍʹˊʺʻʹˁʶ ˉ˖ˌ ˍˇ 

ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲᴂᴂᴂΣ ˍˇ ˇˉˇʾˇ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ˄ ˉˊˇˋʻʺˁʹ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ 

ʲʱˋʹ ˍˇ ˋˍʰʻ˃ˈ Ὥȟ ʁ ˁ˒ˊʱʸʶˍʰʽ ˖ˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁ ΦʰΦΣ нлмлύ: 

 ὲᴂᴂᴂρ ὶὲ (2.55)  

ʁ ʷ˂ʶʴ˔ˇˌ ʲʷʲʰʽʰΣ ˍʹˌ ʰˁˊʾʲʶʽʰˌ ˍʹˌ ʰ˄˖ˍʷˊ˖ ʷˁ˒ˊʰˋʹˌ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ 

ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ʰˉˇˍʶ˂ʶʾ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˉˊˇˌ ʵʽʶˊʶˏ˄ʹˋʹ ˁʰʽ ˋˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰΣ 

ʴʽʰ ʵʽʱ˒ˇˊˇˎˌ ʰˊʽʻ˃ˇˏˌ ʵʶʽʴ˃ʱˍ˖˄ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ 

ˋ̱ ʹ ʵˇ˃ʺ ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΦ  

ɶ ˉʰˊʰˉʱ˄˖ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ˉˊˇˋʻʺˁʹˌ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ˉˇˊʶʾ ˄ʰ ʴˊʰ˒ʶʾ ˋʶ 

˃ˇˊ˒ʺ ˉʰˊˈ˃ˇʽʰ ˃ʶ ˍʹ˄ (2.42) ̟ ˌ ʶ˅ʺˌ (ɼˇˎˍˋˇʴʽʱ˄˄ ʹˌ ˁΦʰΦΣ нлмлύ:  

 ὲ
ρ ὶӶᶻ

ρ ὶӶz
ὲ (2.56)  

ʶ˒ˈˋˇ˄ ˇˊʽˋˍʶʾ: 

                                                             
* ʅˍʹ˄ ˉʰˊˇˏˋʰ ʶˊʴʰˋʾʰ ʷˋˍ˖ м ʷˍˇˌ 
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 ὶӶᶻḧ ρ
ὶӶ

ρ
ὶӶ ρ  (2.57)  

ʴʽʰ Ὧ ˂ ˇʽˉˈ˄ ˃ʶˍʰʲ˂ʹˍʷˌ ʴʾ˄ʶˍʰʽ ʹ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ˉˊˇˋʶʴʴʽˋˍʽˁʱ ʻʰ ʽˋ˔ˏʶʽ: 

 Ὧ
Ὧ

ρ ὶӶzὯ ρ
 (2.58)  

ʺ h˄ ʰʵˊˇ˃ʽˁʱ ὲ
ρ ὶӶᶻ

ρ Ὥ ρὶӶzρ Ὥ ςὶӶz
ὲ (2.59)  

 Ὧ ρ
ὶӶz (2.60)  

ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˍ˖˄ ʽˋˇʵˏ˄ʰ˃˖˄ ˃ʹˁ˗˄ ὲ , 

ὲ ȟὲ  ˖ˌ ˁ˂ʱˋ˃ʰ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˃ʺˁˇˎˌ n ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ʵˏˇ ˋˎˋ˔ʶˍʽˋ˃ʷ˄ʰ ʵʶʾʴ˃ʰˍʰ όʅ˔ʺ˃ʰ 2.3)Φ ʃʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʹ 

ˉˊˇ̀̒ ʺˁʹ ʶˉʽˉ˂ʷˇ˄ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˉˊˇˁˏˉˍʶʽ ˃ʶʴʰ˂ˏˍʶˊʹ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ 

ʶˁˍʽ˃ʺˋʶʽˌ ʴʾ˄ˇ˄ˍʰʽ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʰ˄ʰ˒ˇˊʱˌ ˋʶ ˋˏʴˁˊʽˋʹ ˃ʶ ˍʽˌ 

ʶˁˍʽ˃ʺˋʶʽˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˁʰʽ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ 

ʵʽʰˋˉˇˊʱˌΦ 

 

ʅ˔ʺ˃ʰ 2.3: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲ , ὲ ,  ὲ  ̱ ʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˉˇˎ ˉˊˇˋʻʷˍʶʽ ʹ ʵʶˏˍʶˊʹ ˃ʶˍʰʲ˂ʹˍʺ 

ʰˉˈ ʵʶʾʴ˃ʰ ˃ʺˁˇˎˌ  ὲ ̀ ˍˇ ʰˊ˔ʽˁˈ ʵʶʾʴ˃ʰ ʶˉʾˋʹˌ ˃ʺˁˇˎˌ  ὲΣ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 
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ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ʵˏˇ ˃ʶˍʰʲ˂ʹˍ˗˄  ὶ όʶ˅ʽˋ˗ˋʶʽˌ (2.42), (2.47) ˁ ʰʽ (2.56), h ˄ˍʾˋˍˇʽ˔ʰύ (ʃʹʴʺ: 
ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ нлмлύ. 

 

ɳ˒ˈˋˇ˄ ˂ˇʽˉˈ˄ ʰˉˇɻ̌ ʻʶʾ ˃ʾʰ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ╣ ▪▄╬►▫▼▼◕, 

ˋˍʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʽ˃ʺ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ, ʹ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ╣░ ˉˇˎ ʰ˄ˍʽˋˍˇʽ˔ʶʾ 

ˋˍˇ ░ ˃ʶʴʰ˂ˏˍʶˊˇ ˋˍˇʽ˔ʶʾˇ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ό░ ╝ȟʝⱫⱪⱳ ☿ḧ▓▪ύ ˉˊˇˁˏˉˍʶʽ ˖ˌ ʶ˅ʺˌ 

(ɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ нлмлύ: 

 Ὕ
ὔ ρ ς‌

Ὥ ὥ
ῳ (2.61)  

ʝʌʋʑ ɻ ʆɻʐʗʇʇʂʇʂ ʎʐɻʃʀʍʗȢ ɶ ˍʽ˃ʺ ˍʹˌ ˋˍʰʻʶˊʱˌ ʰ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ʰ˄˖ˍʷˊ˖ ˋ˔ʷˋʹ ʴʽʰ 

Ὥ ρΣ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ʴ˄˖ˋˍʺ ʹ ˍʽ˃ʺ Ὕ ὲ ρῳ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˉˊˇˁˏˉˍʶʽ ‌

 ˁ ʰʽ ˍʶ˂ʽˁ˗ˌΥ 

 Ὕ
ὔ ρ ὲ ρ

ὲ ρὭ ὔ ὲ
ῳ (2.62)  

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʶ ˍʹ˄ ˉʰˊʰʵˇ˔ʺ 

ˉ˖ˌ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ʰˁˇ˂ˇˎʻˇˏ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΦ ʃˊˇ˒ʰ˄˗ˌ ˈ˃˖ˌ ʽˋ˔ˏʶʽ ˁʰʽ ʴʽʰ 

ˇˉˇʽʰʵʺˉˇˍʶ ʱ˂˂ʹ ˁʰˍʰ˄ˇ˃ʺ ˉˇˎ ˉˊˇˁˏˉˍʶʽ ˖ˌ ˃ˇ˄ˇˍˇ˄ʽˁˈˌ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ˍʹˌ 

ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ όˉˊʰˁˍʽˁ˗ˌ ʴʽʰ ˇˉˇʽʰʵʺˉˇˍʶ ˋˎ˄ʺʻʹ ˁʰˍʰ˄ˇ˃ʺύΣ ʶ˒ˈˋˇ˄ ʲʷʲʰʽʰ ˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ʷ˄ʹ ˁʰʽ ˈ˔ʽ ˋˍʹ˄ ʰˊ˔ʽˁʺ 

˃ʶˍʰʲ˂ʹˍʺ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ нлмлύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ 

ˍʹˌ ʰˊ˔ʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʵʶ˄ ʶʾ˄ʰʽ ʽʵʽʰʾˍʶˊʰ ˎ˕ʹ˂ˈˌ*Σ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹ ̩ὶ  

ˍʹˌ ˁʰ˄ˇ˄ʽˁˇˉˇʽʹ˃ʷ˄ʹˌ ˃ʶˍʰʲ˂ʹˍʺˌ ʵʶ ʵʽʰ˒ʷˊʶʽ ˉˇ˂ˏ ʰˉˈ ˍˇ˄ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ 

ὶ  ˍʹˌ ʰˊ˔ʽˁʺˌ ˃ʶˍʰʲ˂ʹˍʺˌΦ ɱʽʰ ˉʰˊʱʵʶʽʴ˃ʰΣ ˋˍʹ˄ ˂ˇʴʰˊʽʻ˃ˇˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ʹ 

ʰ˄ʰ˂ˎˍʽˁʺ ˋ˔ʷˋʹ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʰ ʵˏˇ ˃ʶʴʷʻʹ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌ ˁΦʰΦΣ 2010): 

 ὶ
ρ ὅ ρ

ὅ
 (2.63)  

ʹ ˇˉˇʾʰ ʴʽʰ ˋ˔ʶˍʽˁʱ ˃ʽˁˊˈ ˋˎ˄ˍʶ˂ʶˋˍʺ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ὅ ɻ ʾ˄ʶʽ ὶ ὶ Ȣ 

                                                             
*
 ʂˉ˖ˌ ˉʰˊʰˍʹˊʶʾˍʰʽ ˋˍʽˌ ʶˍʺˋʽʶˌ ˃ʷʴʽˋˍʶˌ ʲˊˇ˔ˇˉˍ˗ˋʶʽˌ ˋˍʽˌ ˇˉˇʾʶˌΣ ʰ˄ʶ˅ʰˊˍʺˍ˖ˌ ˔ˊˇ˄ʽˁʺˌ ˁ˂ʾ˃ʰˁʰˌΣ ˇ 
ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰˌ ˋˉʱ˄ʽʰ ˅ʶˉʶˊ˄ʱ ˍʹ˄ ˍʽ˃ʺ лΦр 
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3 ʅˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ, ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˔ˊˇ˄ʽˁʱ, ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ς 

ɳ˒ʰˊ˃ˇʴʺ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ 

ʁ ˇˎˋʽʰˋˍʽˁˈˌ ˋˁˇˉˈˌ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌΣ ˈˉ˖ˌ ʷ˔ʶʽ ʺʵʹ ʰ˄ʰ˒ʶˊʻʶʾΣ ʶˉʽˁʶ˄ˍˊ˗˄ʶˍʰʽ 

ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹΣ ˃ʷˋ˖ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶ˄ˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʻ˗ˌ ˁʰʽ ˋˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ˋˎ˄ʶˉʰʴˈ˃ʶ˄ʹˌ ʰˏ˅ʹˋʹˌ ˍʹˌ 

ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˁʰˍʰˋˍʶʾ ʰˎˍˈ ʵˎ˄ʰˍˈΣ ʹ ˃ʶʻˇʵˇ˂ˇʴʾʰ 

ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ˎʽˇʻʶˍʺʻʹˁʶ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰΦ  

ʃˊ˖ˍʰˊ˔ʽˁˈˌ ˋˍˈ˔ˇˌ ʶʾ˄ʰʽ ʹ ʷˁ˒ˊʰˋʹ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌΣ ʵʹ˂ʰʵʺ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ 

ˋˍˇ˔ʰˋˍʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ ˉˇˎ ʻʰ ʰ˄ʰˉʰˊʽˋˍʱ ˍʹ ˒ˏˋʹ ˍ˖˄ ˎˉˈ ʶ˅ʷˍʰˋʹ ˃ʶˍʰʲ˂ʹˍ˗˄ ˃ʶ ʷ˄ʰ 

ˋˏ˄ˇ˂ˇ ˎˉˇʻʷˋʶ˖˄ ʴʽʰ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ. 

ɴˋˍ˖ ˍˎ˔ʰʾʰ ˋˍʱˋʽ˃ʹ ˃ʶˍʰʲ˂ʹˍʺ ὢ ὸΣ ʹ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ (ʺ 

ˁʰˍʰ˄ˇ˃ʺ Gauss) ˃ʶ ˃ʷˋˇ ˈˊˇ ‘  ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ˃ʶ Ὥ ρȟςȟȣȟὯ. ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ 

ˉ˖ˌ ˋˍʹ ˒ʱˋʹ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ʹ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ʹ ˃ʶˍʰʲ˂ʹˍʺ ὢ ὸ, ʹ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻʶʾ 

ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʶʾ˄ʰʽ ˃ʾʰ ʰˁˇ˂ˇˎʻʾʰ ὲ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˍˎ ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ὢ ὸȟὢ ὸȟỄȟὢ ὸ  ˃ʶ ˁˇʽ˄ʺ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὼ όˉʰˊʰʵˇ˔ʺ ˔ˊˇ˄ʽˁʺˌ 

ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ - ˃ʹʵʶ˄ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ - IID*)Φ ɶ ˋˎ˄ʱˊˍʹˋʹ ˁʰˍʰ˄ˇ˃ʺˌ ˍʹˌ 

ˁʰ˄ˇ˄ʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌΣ ʴʽʰ ˃ʾʰ ˃ʶˍʰʲ˂ʹˍʺ   ˃ʶ ˃̫ ˋˇ ˈˊˇ ‘  ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „, 

ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ (ɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ: 

 Ὂ ὼ
ρ

„Ѝς“
Ὡ Ὠὼ (3.1)  

ˁh ʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὼ ̟ :̩ 

 Ὢ ὼ
ρ

„Ѝς“
Ὡ  (3.2)  

ɶ ˃ʶˍʰʲ˂ʹˍʺ ὢ ὸ ˂ˇʽˉˈ˄, ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ 

ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ όʷˋˍ˖ k) ˁʰʽ ʷˋˍ˖ ὶ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ˋˍʰʻ˃˗˄ ὭȟὮ. ɶ ˋ˔ʷˋʹ ˉˇˎ ˋˎ˄ʵʷʶʽ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ όˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍˈ 

ˉˊˈʲ˂ʹ˃ʰύ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ ʶ˅ʺˌ: 

                                                             
* Independent Identically Distributed - IID 
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 ὢ ὸ ὥὢ ὸ ὠὸ (3.3)  

ˈˉˇˎ ὥΣ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˉˇˎ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʶ˅ʱˊˍʹˋʹ ˍˇˎ ˋˍʰʻ˃ˇˏ Ὥ ʰˉˈ ˍˇ ˋˍʰʻ˃ˈ Ὦ ˁʰʽ 

ὠὸΣ ˈˊˇˌ ˉˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ ˂ʶˎˁˈ ʻˈˊˎʲˇΣ ʵʹ˂ʰʵʺ ˉˊˈˁʶʽˍʰʽ ʴʽʰ ʰˋˎˋ˔ʷˍʽˋˍʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ 

˃ʶˍʰʲ˂ʹˍʷˌ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʵʶʵˇ˃ʷ˄ʹ ˁʰˍʰ˄ˇ˃ʺ όʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ 

ˁʰ˄ˇ˄ʽˁʺύΦ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˂ˇʽˉˈ˄Σ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʵʽʶˊʶˏ˄ʹˋʹˌ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ 

ʶ˄ˇˉˇʾʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʻʰ ˉˊʷˉʶʽ 

ˁʰˍʰˊ˔ʱˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄  ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ 

ˎˉˈ ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰΦ ʁʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˎˍʷˌ ʻʰ ʰˉˇˍʶ˂ˇˏ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ 

ˍʹˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢ ὸΣ ˈˉ˖ˌ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʹˁʶ ʰ˄˖ˍʷˊ˖Φ ɱʽʰ ˁʱʻʶ ˂ˇʽˉˈ˄ ˋˍʰʻ˃ˈ Ὥ 

όʷˋˍ˖ k ˋˍˇ˄ ʰˊʽʻ˃ˈύ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ млΣллл ˔ˊˇ˄ˇˋʶʽˊʷˌ όмлΣллл ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ 

ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ)Σ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˋˎˋ˔ʷˍʽˋʹ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ 

(3.3)Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʴʽʰ ˍˇ ˋˍʰʻ˃ˈ Ὥ ρ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ млΣллл ˍˎ˔ʰʾʶˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ὢ ὸ 

ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ‘ τππ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ 

„ ρππΣ ˃ʺˁˇˎˌ ὲ υπ. ɱʽʰ ˍˇˎˌ ˎˉˈ˂ˇʽˉˇˎˌ ˋˍʰʻ˃ˇˏˌ ˂ˇʽˉˈ˄, ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ млΣллл 

˔ˊˇ˄ˇˋʶʽˊʷˌ ʻʰ ˉˊˇˁˏ˕ˇˎ˄ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ (3.3).  

ɮ˄ʰˁʶ˒ʰ˂ʰʽ˗˄ˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ*, ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˉʾ˂ˎˋʹˌ ˍˇˎ ʰ˄˖ˍʷˊ˖ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʰ 

ʶ˅ʺˌ: 

ü ʃʰˊʰʵˇ˔ʷˌ  

V ɶ ʰ˄ʷ˂ʽ˅ʹ ὢ ὸ h ˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ ὢ ὸ ʁ ʾ˄ʰʽ ˋˍʱˋʽ˃ʹ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ ὢ ὸ ʶʾ˄ʰʽ ʰˁˇ˂ˇˎʻʾʰ ὲ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˍˎ ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ὢ ὸȟὢ ὸȟỄȟὢ ὸ  ˃ʶ ˁˇʽ˄ʺ ˉˎˁ˄ˈˍʹˍʰ ˉʽʻʰ˄ˈˍʹˍʰˌ Ὢὼ όˉʰˊʰʵˇ˔ʺ 

˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ - ˃ʹʵʶ˄ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ - IID) 

V ʁʽ ˂ʶˎˁˈˌ ʻˈˊˎʲˇˌ ὠὸ h ˁˇ˂ˇˎʻʶʾ ˁ ʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

V ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ὶ ʁ ʾ˄ʰʽ ˁˇʽ˄ˈˌ ɹ ʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ὭȟὮ 

                                                             
*
 ζɲʶʵˇ˃ʷ˄ʰηΣ ʰˉˈ ˍʹ˄ ʱˉˇ˕ʹ ˉ˖ˌ ʶˉʶ˂ʷʴʹˋʰ˄ ˇʽ ˍʽ˃ʷˌ ˋˇˎˌ ʰˉˈ ˍʹ ˋˎʴʴˊʰ˒ʷʰ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ 
ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ  
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ü ɲʶʵˇ˃ʷ˄ʰ 

V ʅˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸΣ ʺˍˇʽ ‘ τππ, „ ρππ 

V ɾʺˁˇˌ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ὲ υπ 

V ɮˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄Σ Ὧ ςȟσȟȣȟρπ 

V ɮˁˊʾʲʶʽʰ - ɮˊʽʻ˃ˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶ˖˄ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ ʰ˄ʱ ˋˍʰʻ˃ˈΣ ʰˁˊʾʲʶʽʰ 

= 10,000 

ü ʃʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ 

V ʅˎ˄ˍʶ˂ʶˋˍʷˌ ὥ  

V ʅˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ό˃ʷˋʹ ˍʽ˃ʺ ‘Σ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ 

„ ) ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ 

ʰˁˇ˂ˇˎʻˇˏ˄ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ‘  ˁ ʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „  

ʁʽ ʵʽʱ˒ˇˊʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ʻʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʵʽʱ˒ˇˊʶˌ 

ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ʲʺ˃ʰ 

˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ 

ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. 

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ὥ  ˉʰˊˇˎˋʽʱʸʶˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ʹ ʵʽʰʵʽˁʰˋʾʰ 

ˎˉˇ˂ˇʴʽˋ˃ˇˏ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ςΦ ʁʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰˉˇʵʶʾ˅ʶʽˌ ʴʽʰ Ὧ ς ˉʰˊʰˍʾʻʶ˄ˍʰʽ 

ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɮ. 

ɱʽʰ Ὧ ς ˂ˇʽˉˈ˄Σ ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ʶ˄ˇˉˇʾʹˋʹ ʵˏˇ ʵʶʽʴ˃ʱˍ˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌΣ 

ˍʰ ˇˉˇʾʰ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʶ˅ʺˌ ʵˏˇ ʰ˄ʶ˂ʾ˅ʶʽˌ: 

 
ὢ ὸ

ὢ ὸ ‌ ὢ ὸ ὠ ὸʎʔʘʎʂ σȢσ
 (3.4)  

ɴˋˍ˖ ˃ʶˍʰʲ˂ʹˍʷˌ: 

 

ὤ ὢ ὸ ‘

ὤ ὢ ὸ ‘

Ὁ ὠ ὸ ‘ Ȣ

 (3.5)  

ɳʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ: 

ˁʰʽ 
Ȣ ‘ ‘ π

‘ π 
 (3.6)  
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Ȣ „ „ „

„ „  

ɮ˒ʰʽˊ˗˄ˍʰˌ ʰˉˈ ˍʹ˄ (3.4) ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˉˊˇˁˏˉˍʶʽ: 

 

Ȣ ὢ ὸ ‘

ὢ ὸ ‘ ‌ ὢ ὸ ‌ ‘ ὠ ὸ ‘

Ȣ
 

Ȣ ὤ

ὤ ‌ ὤ Ὁ
 

(3.7)  

ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʶˍʶˊˇˋˎ˄ʵʽʰˋˉˇˊʱ ˍ˖˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ ὢ ὸȟὢ ὸ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ 

ˍʹˌ ˋ˔ʷˋʹˌ (2.7)Σ ʴʽʰ ˎˋˍʷˊʹˋʹ ˍ Ґ 0: 

 

Ȣ
ὅέὺὢ ὸȟὢ ὸ Ὁ ὢ ὸ ‘ ὢ ὸ ‘

Ȣ
 

Ȣ
ὅέὺὢ ὸȟὢ ὸ Ὁὤ ȟὤ

Ȣ
 

Ȣ
ὅέὺὢ ὸȟὢ ὸ Ὁὤ ‌ ὤ Ὁ  

ᵾὅέὺὢ ὸȟὢ ὸ Ὁ‌ ὤ Ὁὤ Ὁ  

(3.8)  

ɲʶʵˇ˃ʷ˄ˇˎ ˉ˖ˌ ˇʽ ˃ʶˍʰʲ˂ʹˍʷˌ ὢ ὸȟὠ ὸ ʁ ʾ˄ʰʽ ʰˋˎˋ˔ʷˍʽˋˍʶˌ*  ̔ ˋ˔ˏʶʽ:  

 
ὅέὺὢ ὸȟὠ ὸ π

Ȣ
Ὁ ὢ ὸ ‘ ὠ ὸ ‘ π

Ȣ
 

Ȣ
Ὁὤ Ὁ π 

(3.9)  

ɶ ˋ˔ʷˋʹ (3.8) ˂ ˇʽˉˈ˄Σ ʴʾ˄ʶˍʰʽ: 

 

ὅέὺὢ ὸȟὢ ὸ Ὁ‌ ὤ Ὁὤ Ὁ
Ȣ

 

Ȣ
ὅέὺὢ ὸȟὢ ὸ Ὁ‌ ὤ πᵾ 

ᵾὅέὺὢ ὸȟὢ ὸ ‌ Ὁὤ  

ὅέὺὢ ὸȟὢ ὸ ‌ „ ᵾ 

ᵾ‌
ὅέὺὢ ὸȟὢ ὸ

„

Ȣ
 

Ȣ
‌ ὶ ὶ 

(3.10)  

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˂ʶˎˁ˗˄ 

ʻˇˊˏʲ˖˄ ὠὸΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˉʰˊʰˍʾʻʶˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ʴʽʰ ʰˊʽʻ˃ˈ 

                                                             
* ʂˉ˖ˌ ˁʰˍʰʵʶʽˁ˄ˏʶʽ ˁʰʽ ʹ ˃ˇˊ˒ʺ ˍʹˌ ˋ˔ʷˋʹˌ (3.4)  
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ˋˍʰʻ˃˗˄ Ὧ ςΣ ʶ˄˗ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰˉˇʵʶʾ˅ʶʽˌ ʴʽʰ Ὧ ςΣ ˈ˃ˇʽʰ ˃ʶ ˉʰˊʰˉʱ˄˖Σ 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɮ. 

ɾʶ ʲʱˋʹ ˍʹ˄ (3.4) ˂ ˇʽˉˈ˄, ˎ ˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʷˋʶˌ ˍʽ˃ʷˌΣ ʺˍˇʽ: 

 

Ȣ Ὁὢ ὸ ‘

Ὁὢ ὸ Ὁ‌ ὢ ὸ Ὁὠ ὸ
ᵾ 

ᵾ
‘

‘ ‌ ‘ ‘  

‘
‘ ‌ ‘ ‘ ᵾ 

ᵾ‘ ρ ‌ ‘ 

(3.11)  

ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ʹ ʰˎˍˇˋˎ˄ʵʽʰˋˉˇˊʱ ˍ́ ˌ ʰ˄ʷ˂ʽ˅ʹˌ ὤ Σ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ 

(2.5) ɹ ʽʰ ὸ ὸ (ˉˊˈˁʶʽˍʰʽ ˇˎˋʽʰˋˍʽˁʱ ʴʽʰ ˍ ́ɻ ʽʰˋˉˇˊ ɦˍʹˌ ʁ ˄ ˂ˈʴ˖ ʰ˄ʷ˂ʽ˅ʹˌ):  
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Ȣ
ὅέὺὤ ὅέὺὤ ὤ

Ὁ ὤ ‘ ὤ ‘
Ȣ

 

Ȣ
ὅέὺὤ Ὁ ὤ π ὤ π Ὁὤ ὤ

Ȣ
 

Ȣ
ὅέὺὤ Ὁὤ ‌ ὤ Ὁ  

ᵾὅέὺὤ ‌ Ὁὤ ὤ Ὁὤ Ὁ

ȟȢ

 

ȟȢ

„ ‌ „ Ὁὤ Ὁ
Ȣ

 

Ȣ
„ ‌ „ Ὁ ‌ ὤ Ὁ Ὁ ᵾ 

ᵾ„ ‌ „ ‌ Ὁὤ Ὁ ὉὉ
ȟ   Ȣ

 

ȟ   Ȣ
„ ‌ „ ὉὉ  

„ ‌ „ „

ʚ 

 

ʚ 
„

„
‌
„

„

„

„

Ȣ
 

Ȣ
ρ ‌ ὶ

„

„
 

„ „ ρ ‌ ὶ 

(3.12)  

ɾʶ ʲʱˋʹ ˍʽˌ ˋ˔ʷˋʶʽˌ (3.11) ˁʰʽ (3.12) ˂ˇʽˉˈ˄Σ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺ ‘  ˁʰʽ ʹ 

ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „Σ ʰ˄ˍʾˋˍˇʽ˔ʰ ˍˇˎ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎ ὠ ὸΣ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ς. 

ɾʶ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ὥ  ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ˍ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ὠὸΣ ˁʰʻʾˋˍʰˍʰʽ ˉ˂ʷˇ˄ ʵˎ˄ʰˍʺ ʹ ʵʽʶ˄ʷˊʴʶʽʰ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ ˎˉˈ ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰ όʶ˒ʰˊ˃ˇʴʺ ˋ˔ʷˋʹˌ (3.3)). 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʵʶʵˇ˃ʷ˄ˇˎ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ ˈʴˁˇˎ ˍ˖˄ ʰ˄ʰ˂ˏˋʶ˖˄* (10,000 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈύΣ ʹ ˔ˊʺˋʹ ˍˇˎ ˎˉˇ˂ˇʴʽˋˍʽˁˇˏ 

                                                             
*
 ʁ ʰˊʽʻ˃ˈˌ ˍ˖˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶ˖˄ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ, ̌  ˇˉˇʾˇˌ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰˁˊʾʲʶʽʰ ˍ˖˄ ʰ˄ʰ˂ˏˋʶ˖˄Σ 
ʶˉʽʲʱ˂˂ʶˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʰˎˍʺˌ ˍʹˌ ˍʱ˅ʹˌ ˃ʶʴʷʻˇˎˌ ʴʽʰ ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ 
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˒ˏ˂˂ˇˎ Excel ʴʽʰ ˍʹ˄ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˁʰʻʾˋˍʰˍʰʽ ʽʵʽʰʾˍʶˊʰ ʵˎˋ˔ʶˊʺˌΦ 

ɳˉʶ˂ʷʴʹ ˂ˇʽˉˈ˄, ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˄ʰ 

ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˋʶ ˎˉˇ˂ˇʴʽˋˍʽˁˈ ˉʶˊʽʲʱ˂˂ˇ˄ ʴ˂˗ˋˋʰˌ ˉˊˇʴˊʰ˃˃ʰˍʽˋ˃ˇˏ Matlab, ˃ʶ ˍʹ˄ 

ʰ˄ʱˉˍˎ˅ʹ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˁ˗ʵʽˁʰ ɶκʇΦ 

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ˇ ˇˎˋʽʰˋˍʽˁˈˌ ˋˍˈ˔ˇˌ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ʵʽʶˊʶˏ˄ʹˋʹ 

ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʶ˄ˇˉˇʾʹˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌΣ ʹ ˇˉˇʾʰ ʶˁ˒ˊʱʸʶˍʰʽ ˋʶ ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ˍˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɱʽʰ ˍʹ˄ ʶˉʾˍʶˎ˅ʹ ˍˇˎ ʰ˄˖ˍʷˊ˖ ˋˍˈ˔ˇˎ ʰˁˇ˂ˇˎʻʶʾ ˋˍʰˍʽˋˍʽˁʺ 

ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Φ ɶ ʶˁˍʾ˃ʹˋʹ ʰˎˍʺ 

ʻʰ ʴʾ˄ʶʽ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˁʰʽ ʶˁˍʾ˃ʹˋʹ 

˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

ɮˁˇ˂ˇˎʻʶʾ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ 

ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˋˍʰʻ˃˗˄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ʶ 

ˋˁˇˉˈ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΦ 

3.1 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ - ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ 

ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ  

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ, ʹ 

ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˋˎ˄ˇ˕ʾʸʶˍʰʽ ˖ˌ ʶ˅ʺˌ: 

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶˍʰʽ ʰˉˈ 10,000 

ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ. ɱʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ (k ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˁʰʽ ʴʽʰ 

ˁʱʻʶ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏ ˂ˇʽˉˈ˄, ʶˁˍʽ˃ʱˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹ̩  

ʶˁˍʽ˃ʺˍˊʽʰˌ*, ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ (2.10) όмлΣллл ˃ʷˋʶˌ ˍʽ˃ʷˌ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈύΦ 

ɮˁˇ˂ˇˏʻ˖ˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˃ʷˋʹˌ 

ˍʽ˃ʺˌ όʅ˔ʷˋʹ (2.12) ʴʽʰ 10,000 ̱ ʽ˃ʷˌύΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ, ʹ ʻʶ˖ˊʹˍʽˁʺ 

ˍʽ˃ʺ ˍʹˌ h ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹˌ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ʶˁˍʽ˃ʺˍˊʽʰ: 

                                                             
* ɳˁˍʽ˃ʺˍˊʽʰ ʵʶʽʴ˃ʰˍʽˁʺˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ς h ˃ʶˊˈ˂ʹˉˍʹ ˁʰʽ ˋˎ˄ʶˉʺˌ ʶˁˍʽ˃ʺˍˊʽʰ 
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 ὠὥὶὢὸ 
ὠὥὶὢ ὸ

ὲ

„

ὲ
 (3.13)  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ό˃ʹʵʶ˄ʽˁʺ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈύ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˋʶ ˈΣˍʽ 

ʰ˒ˇˊʱ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ʻʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʻʶ˖ˊʹˍʽˁʺ ˍʽ˃ʺ 

ˍʹˌ όʅ˔ʷˋʹ (3.13)). ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˂ˇʽˉˈ˄ ʰˎˍʺΣ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ˁʱʻʶ ˋˍʰʻ˃ˇˏΣ ˍˇ 

ˇˉˇʾˇ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˃ʺˁˇˌ 

ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

ɮˁ ˇ˂ˇˎʻʶʾ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʵʽʰʻʷˋʽ˃˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˃ʺˁˇˎˌ ὲ ˁʰʽ 

ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʶ˄ˈˌ ʶ˄ʽʰʾˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ʺˁˇˎˌ ὯὲΣ ˈˉˇˎ Ὧ ˇ ʰˊʽʻ˃ˈˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ 

ʵʶʽʴ˃ʱˍ˖˄Φ ɱʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ όʴʽʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ млΣллл ˔ˊˇ˄ˇˋʶʽˊʷˌ, 

ˍ˖˄ ˇˉˇʾ˖˄ ʶˁˍʽ˃ʱˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺύ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˇ˃ˇʾ˖ˌ ˃ʶ ˉʰˊʰˉʱ˄˖ ʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ 

млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ, ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʻʶ˖ˊʹˍʽˁʺ ˍʽ˃ʺ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ όʅ˔ʷˋʹ (3.13)): 

 ὠὥὶὤ ὸ 
ὠὥὶὤ ὸ 

Ὧὲ

„

Ὧὲ

„

Ὧὲ
ȟ   (3.14)  

ˈˉˇ ˎὤ ὸ ˃ ʶˍʰʲ˂ʹˍʺ ˉˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ʴʽʰ Ὧ ς ρπ. 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃ˇʾ ʶʾ˄ʰʽ ʰˋˎˋ˔ʷˍʽˋˍˇʽ* (ὶ π ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ 

ʹ ʶ˄ˇˉˇʾʹˋʹ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʹ ʵʹ˃ʽˇˎˊʴʾʰ ʶ˄ˈˌ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ˉ˂ʷˇ˄ 

ʵʶʾʴ˃ʰˍˇˌ ˃ʺˁˇˎˌ ὲ Ὧὲ όʶʵʱ˒ʽˇ 2.2Σ ˋ˔ʷˋʹ (2.33)ύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˂ˇʽˉˈ˄ ʰˎˍʺΣ ʹ 

ʶˁˍʾ˃ʹˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ 

ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˍʽ˃ʺ όˋ˔ʷˋʹ (3.14))Φ ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶ ˃ʶˍʰ˅ˏ ˍ˖˄ 

ʶˉʽ˃ʷˊˇˎˌ ʵʶʽʴ˃ʱˍ˖˄ ˈ˃˖ˌ ʶʾ˄ʰʽ ˉˇ˂ˏ ˉʽʻʰ˄ˈ ˄ʰ ʶʾ˄ʰʽ ʵʽʱ˒ˇˊˇˌ ˍˇˎ ˃ʹʵʶ˄ˈˌΦ ɶ ʵʽʰ̀̄ ˇˊʱ 

ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˂ˇʽˉˈ˄Σ ʴʽʰ ὶ π, 

ˎˉˇʶˁˍʽ˃ʱˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹΣ ˈˉ˖ˌ ʰˉˇʵʶʽˁ˄ˏˇˎ˄ ˁʰʽ ˍʰ 

ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺΣ ʹ ˇˉˇʾʰ ˎˉˇʵʹ˂˗˄ʶʽ ˃ʶʾ˖ˋʹ ˍʹˌ 

ˉʰˊʶ˔ˈ˃ʶ˄ʹˌ ʰˉˈ ˍʹ ˃ʶˍʰʲ˂ʹˍʺ ὤ ὸΣ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˋʶ 

ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ όˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ύ  ὲ , ̟ ˌ ʶ˅ʺˌ: 

                                                             
* ʹ ˇˉˇʾʰ ˃ʶˍʰˉʾˉˍʶʽ  ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ 
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Ȣ
ὠὥὶὤ ὸ 

„

ὲ
ᵼ 

ᵼὲ
„

ὠὥὶὤ ὸ 
 

(3.15)  

ʁ ʽˋˇʵˏ˄ʰ˃ˇˌ ˂ˇʽˉˈ˄ ʰˊʽʻ˃ˈˌ, ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄, ʵʶʽʴ˃ʱˍ˖˄ Ὧ ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʵʽʰʽˊ˗˄ˍʰˌ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ˍˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ὲ  ˃ʶ ˍˇ ˃ʺˁˇˌ ˍˇˎ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃ˇˏ ὲ. ɮ˒ˇˏ ˂ˇʽˉˈ˄ 

ˉˊˇˋʵʽˇˊʾˋˍʹˁʶ ʴʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ˍˊˈˉˇˌ ʷˁ˒ˊʰˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ʵʶʽʴ˃ʱˍ˖˄ Ὧ όʅ˔ʷˋʹ (3.15)ύΣ ʵʽʶ˄ʶˊʴʶʾˍʰʽ ˉˊˇˋˇ˃ˇʾ˖ˋʹ Monte Carlo ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʶˁˍʽ˃ʱˍʰʽ ˁʱʻʶ ˒ˇˊʱ ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖Σ˄ ʴʽʰ 

ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ 

ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ 

˃ʹʵʷ˄ ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. 

ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ ὯΣ ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ ˁʰʽ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπΣ ˈˉ˖ˌ ʰˎˍˈˌ ˉˊˇʷˁˎ˕ʶ ˁʰˍʱ ˍʹ 

ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʽ˗ˋʶ˖˄ Monte Carlo (ʅ˔ʺ˃ʰ оΦм). ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω 

ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 
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ʅ˔ʺ˃ʰ 3.1: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒  

3.2 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ς ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ 

ʵʽʰˋˉˇˊʱ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 

ʆʰ ˉʰˊʰˉʱ˄˖ ʲʰˋʾʸˇˎ˄ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˋˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɶ ʾʵʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˁʰʽ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ 

ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ʴʽʰ 

ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏ ʶˁˍʽ˃ʱˍʰʽ ʹ ʵʶʽʴ˃ʰˍʽˁʺ 

ʵʽʰˋˉˇˊʱ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌΣ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ (2.12) (10,000 

˃ʷˋʶˌ ʵʽʰˋˉˇˊʷˌ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈύΦ ɮˁˇ˂ˇˏʻ˖ˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ʹ 

ʵʽʰˋˉˇˊʱ ˍ˖˄ млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ όʅ˔ʷˋʹ (2.12) ʴʽʰ 10,000 

ˍʽ˃ʷˌύΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ ˋˍʰˍʽˋˍʽˁʺ ʹ ʻʶ˖ˊʹˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ˍʹˌ ʰ˄˖ˍʷˊ˖ 

ʶˁˍʾ˃ʹˋʹˌ ʶˁ˒ˊʱʸʶˍʰʽ ˖ˌ: 

 ὠὥὶὛᶻ
ς„

ὲ ρ
 (3.16)  
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ʂˉ˖ˌ ˁʰʽ ˁʰˍʱ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʹ ʶˁˍʾ˃ʹˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ 

ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ʻʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˍʽ˃ʺ όʅ˔ʷˋʹ (3.16)). ʅˎ˄ʰˁˈ˂ˇˎʻʰ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ˁʱʻʶ ˋˍʰʻ˃ˇˏΣ ˍˇ 

ˇˉˇʾˇ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍˇ ˉˊʰʴ˃ʰˍʽˁˈ ˃ʺˁˇˌ 

ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ  

ɳ˄ ˋˎ˄ʶ˔ʶʾʰ, ʴʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰΣ ʴʽʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ млΣллл 

˔ˊˇ˄ˇˋʶʽ́ ʷΣ̩ ʶˁˍʽ˃˗˄ˍʰʽ ˁʰˍʰˊ˔ʱˌ ˇʽ ʵʽʰˋˉˇˊʷˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʰˎˍ˗˄ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ˋ˔ʷˋʹˌ (3.16)Φ ɮˁˇ˂ˇˎʻʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍ˖˄ млΣллл 

ˉˊˇˋʶʴʴʾˋʶ˖˄ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˁ˂ʰˋˋʽˁʺ 

ˋˍʰˍʽˋˍʽˁʺ ʹ ʻʶ˖ˊʹˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ʰ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹˌ, ʴʽʰ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ Ὧὲ, ʶˁ˒ˊʱʸʶˍʰʽ 

˖ ̩όʅ˔ʷˋʹ (3.16)): 

 ὠὥὶὛᶻ
ς„

Ὧὲ ρ

ς„

Ὧὲ ρ
 (3.17)  

ˈˉˇ ˎὤ ὸ ˃ ʶˍʰʲ˂ʹˍʺ ˉˇˎ ʶˁ˒ˊʱʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ʴʽʰ Ὧ ς ρπ. 

ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶˁˍʾ˃ʹˋʹ ̩ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʴʽʰ ὶ π ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ 

ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ (3.17) ˎˉˇʶˁˍʽ˃ʱ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ˈˉ˖ˌ 

ʰˎˍʺ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ˃ˉˇˊʶʾ ˄ʰ 

ʶˁ˒ˊʰˋˍʶʾ ˋʶ ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ όˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ύ  Ὧ, ˃ʁ  

ʰ˄ʱ˂ˇʴˇ ˍˊˈˉˇ ˃ʶ ˉˊʽ˄, ̟ ˌ ʶ˅ʺˌ: 
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(3.18)  

ɾʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˂ˇʽˉˈ˄Σ ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ 

ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʶˁˍʽ˃˗˄ˍʰʽ 

ˁʱʻʶ ˒ˇˊʱ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ ὯΣ ˇ ˇˉˇʾˇˌ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ. 
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ʆʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ, ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ 

ˁʰʽ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπ, ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ʴˊʰ˒ʽˁʱ ˋˍˇ ʰˁˈ˂ˇˎʻˇ ˋ˔ʺ˃ʰ (ʅ˔ʺ˃ʰ 

3.2)Φ ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 

 

ʅ˔ʺ˃ʰ 3.2: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒  

3.3 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ 

ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ˋˍʰ ˉ˂ʰʾˋʽʰ ˁʱˉˇʽ˖˄ ˉˊ˖ˍʰˊ˔ʽˁ˗˄ ˉʰˊʰˍʹˊʺˋʶ˖˄* ˉˇˎ ʷʴʽ˄ʰ˄ ʰˉˈ 

ˍˇˎˌ ɼˇˎˍˋˇʴʽʱ˄˄ʹ ˁΦʰΦΣ нлмл, h ˁˇ˂ˇˎʻʶʾˍʰʽ ˃ʾʰ ʵʽʰ˒ˇˊʶˍʽˁʺ ˉˊˇˋʷʴʴʽˋʹ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ, 

˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ, ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɶ 

ʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ˍʹ ˒ˇˊʱ ʻʰ ʴʾ˄ʶʽ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ 

ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɶ ʵʽʰʵʽˁʰˋʾʰ ˂ˇʽˉˈ˄Σ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ˋˎ˄ˇ˕ʾʸʶˍʰʽ 

˖ˌ ʶ˅ʺˌ. 

                                                             
* ʰ˄ʰ˒ˇˊʱ ˋˍʽˌ ˇˉˇʾʶˌ ʴʾ˄ʶˍʰʽ ˋˍˇ ʶʵʱ˒ʽˇ 2.3.2 
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ɱʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ όk ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏ, 

ʶˁˍʽ˃ʱˍʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʷʴʽˋˍʹ ˁʰʽ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ όмлΣллл ˃ʷʴʽˋˍʶˌ ˁʰʽ млΣллл ʶ˂ʱ˔ʽˋˍʶˌ 

ˍʽ˃ʷˌ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ. 

ɱʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ˁʰʽ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ млΣллл ˃ʷʴʽˋˍʶˌ ˁʰʽ млΣллл ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌ 

ʶˁˍʽ˃˗˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ˃ʹ ˎˉʷˊʲʰˋʹˌ (Ὂ  ˁʰʽ Ὂ , ʰ˄ˍʾˋˍˇʽ˔ʰύ ˃ʶ 

ʲʱˋʹ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺΣ ʹ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ˇˉˇʾʰˌ ʶˁ˒ˊʱʸʶˍʰʽ ʰˉˈ ˍʹ 

ˋ˔ʷˋʹ (3.1), ˃ʶ ˃̫ ˋˇ ˈˊˇ ‘ τππ ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ρππ. ɮˁˇ˂ˇˏʻ˖ˌ 

ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˃ʹ 

ˎˉʷˊʲʰˋʹ,̩ ˍˈˋˇ ʴʽʰ ˍʽˌ ˃ʷʴʽˋˍʶˌ, ˈˋˇ ˁʰʽ ʴʽʰ ˍʽˌ ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌΦ ɶ ʶˁˍʾ˃ʹˋʹ ˃ʶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˂ˇʽˉˈ˄, ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ* ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ 

ʴʾ˄ʶˍʰʽ ̟ ˌ ʶ˅ʺˌ: 
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(3.19)  

ʝʌʋʑ 

ừ
ỬỬ
Ừ

ỬỬ
ứ

&ȟ&  ʋʅ ʌʅʃɻʉʝʐʂʐʀʏ ʑʌʘʍɼɻʎʂʏ

                     ʆɻʅ ʈʂ ʑʌʘʍɼɻʎʂʏȟɻʉʐʚʎʐʋʅʔɻ
4ȟ  ʂ ʀʆʐʚʈʂʎʂ ʐʂʏ ʌʀʍʅʝɿʋʑ ʀʌɻʉɻʒʋʍʗʏ ʐʂʏ 

                                                      ʈʘɾʅʎʐʂʏ ʐʅʈʙʏ ʐʋʑ ɿʀʚɾʈɻʐʋʏ Éȟʈʀ ɼʗʎʂ ʐʅʏ ʈʘɾʅʎʐʀʏ ʐʅʈʘʏ
4ȟ  ʂ ʀʆʐʚʈʂʎʂ ʐʂʏ ʌʀʍʅʝɿʋʑ ʀʌɻʉɻʒʋʍʗʏ ʐʂʏ

                                                       ʈʘɾʅʎʐʂʏ ʐʅʈʙʏ ʐʋʑ ɿʀʚɾʈɻʐʋʏ Éȟʈʀ ɼʗʎʂ ʐʅʏ ʀʇʗʔʅʎʐʀʏ ʐʅʈʘʏ

  

ʃʰˊʱ˂˂ʹ˂ʰΣ ʴʽʰ ʵʶʾʴ˃ʰ ˃ʶʴʷʻˇˎˌ ὲ ʹ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ 

ˍʽ˃ʺˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˖ˌ ʶ˅ʺˌ όʅ˔ʷˋʹ (2.53)): 

 Ὕ ὲ ρ (3.20)  

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʶʾ˄ʰʽ 

ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʹ ʰ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹ ˉˊʷˉʶʽ ˄ʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʶˁˍʾ˃ʹˋʹ ˃ʶ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹ (ʅ̝ ʷˋʹ (3.19))Φ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˂ˇʽˉˈ˄ ʰˎˍʺΣ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ˁʱʻʶ 

ˋˍʰʻ˃ˇˏΣ ˍˇ ˇˉˇʾˇ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍˇ 

ˉˊʰʴ˃ʰˍʽˁˈ ˃ʺˁˇˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

                                                             
* ʆ  ˈˉˇˎ  ὊȟὊ ˇʽ ˉʽʻʰ˄ˈˍʹˍʶˌ ˎˉʷˊʲʰˋʹˌ ˁʰʽ ˃ʹ ˎˉʷˊʲʰˋʹˌ ʰ˄ˍʾˋˍˇʽ˔ʰ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ мффтύ  
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ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ʴʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰΣ ʴʽʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʵʽʰʻʷˋʽ˃ʶˌ млΣллл 

˔ˊˇ˄ˇˋʶʽˊʷˌΣ ʶˁˍʽ˃˗˄ˍʰʽ ˁʰˍʰˊ˔ʱˌ ˇʽ ˃ʷʴʽˋˍʶˌ ˁʰʽ ˇʽ ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ 

ʰˎˍ˗˄Φ ɮˁˇ˂ˇˎʻʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ʶˁˍʾ˃ʹˋʹ ˍ˖˄ ˉʽʻʰ˄ˇˍʺˍ˖˄ ˃ʹ ˎˉʷˊʲʰˋʹˌ ˍ˖˄ млΣл00 

ˉˊˇˋʶʴʴʾˋʶ˖˄ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˁʰʽ ˍ˖˄ млΣллл ˉˊˇˋʶʴʴʾˋʶ˖˄ ˍʹˌ ʶ˂ʱ˔ʽˋˍʹˌ ˍʽ˃ʺˌ 

(Ὂ  ʆɻʅ Ὂ , h ˄ˍʾˋˍˇʽ˔ʰύ ˁʰʽ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ʰˎˍ˗˄.  

ɶ ʶˁˍʾ˃ʹˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˂ˇʽˉˈ˄ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ʴʾ˄ʶˍʰʽ ˖ˌ ʶ˅ʺˌ: 
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(3.21)  

ʝʌʋʑ 

ừ
Ử
Ử
Ử
Ừ

Ử
Ử
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ứ
ὤ ʈʀʐɻɼʇʂʐʙ ʌʋʑ ʀʆʒʍʗʁʀʅ ʐʋ ʀʉʋʌʋʅʂʈʘʉʋ ɿʀʚɾʈɻ ɾʅɻ Ὧ ς ρπ

& ȟ&         ʋʅ ʌʅʃɻʉʝʐʂʐʀʏ ʈʂ ʑʌʘʍɼɻʎʂʏ

                    ʆɻʅ  ʑʌʘʍɼɻʎʂʏȟɻʉʐʚʎʐʋʅʔɻ
4  ʂ ʀʆʐʚʈʂʎʂ ʐʂʏ ʌʀʍʅʝɿʋʑ ʀʌɻʉɻʒʋʍʗʏ ʐʂʏ 

                                                      ʈʘɾʅʎʐʂʏ ʐʅʈʙʏ ʐʋʑ ʀʉʋʌʋʅʂʈʘʉʋʑ ɿʀʚɾʈɻʐʋʏȟ
                  ʈʀ ɼʗʎʂ ʐʅʏ ʈʘɾʅʎʐʀʏ ʐʅʈʘʏ

4    ʂ ʀʆʐʚʈʂʎʂ ʐʂʏ ʌʀʍʅʝɿʋʑ ʀʌɻʉɻʒʋʍʗʏ ʐʂʏ
                                                      ʈʘɾʅʎʐʂʏ ʐʅʈʙʏ ʐʋʑ ʀʉʋʌʋʅʂʈʘʉʋʑ ɿʀʚɾʈɻʐʋʏȟ

                     ʈʀ ɼʗʎʂ ʐʅʏ ʀʇʗʔʅʎʐʀʏ ʐʅʈʘʏ

  

ɾʶ ʲʱˋʹ ˍʹ ˋ˔ʷˋʹ (3.20) ʹ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰˍˇˌ, ɹ ʽʰ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ Ὧὲ ˃ ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˖ˌ ʶ˅ʺˌ: 

 Ὕ Ὧὲ ρ (3.22)  

ɶ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

(3.22) ˎˉʶˊʶˁˍʽ˃ʱ ˍʹˌ ˉˊʰʴ˃ʰˍʽˁʺ ˍʹˌ ˍʽ˃ʺΣ ˈˉ˖ˌ ʰˎˍʺ ˉˊˇˋʶʴʴʾʸʶˍʰʽ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʴʽʰ 

ὶ π. ʅˎ˄ʶˉ˗ˌ ʴʽʰ ὶ πΣ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʹ ˃ʶˍʰʲ˂ʹˍʺ ὤ ὸ 

ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ  ὲ ὯὲΦ ʁ ʽˋˇʵˏ˄ʰ˃ˇˌ ˂ˇʽˉˈ˄, ʰˊʽʻ˃ˈ ̩

ʵʶʽʴ˃ʱˍ˖˄ Ὧ, ̌  ˇˉˇʾˇ ̩̝ ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰΣ ʶˁˍʽ˃ʱˍʰʽ ˖ˌ ʶ˅ʺˌ:  

 

Ȣ
Ὕ Ὧὲ ρᵼ  

ᵼὯ
Ὕ

ὲ

ρ

ὲ
 

(3.23)  

ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ˃ʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ 
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ὭȟὮΣ ʶˁˍʽ˃˗˄ˍʰʽ ˁʱʻʶ ˒ˇˊʱ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ Ὧ 

όˋ˔ʷˋʹ (3.23)ύΦ ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ (ʅ˔ʺ˃ʰ 3.3) ˍˇˎ Ὧ ˖ˌ ˉˊˇˌ ˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʴʽʰ Ὧ ρπ. ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ 

ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 

 

ʅ˔ʺ˃ʰ 3.3: ɹ̀ ˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒ 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˖ˋˍˈˋˇ ˋˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ˉ˖ˌ ʹ ˉʰˊʰʵˇ˔ʺ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ 

ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˋˍʹ˄ ˇˉˇʾʰ ˋˍʹˊʾ˔ˍʹˁʶ ʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˋˍˇ ˉʰˊˈ˄ ˁʶ˒ʱ˂ʰʽˇΣ ˋʶ ˁʰ˃ʾʰ ˉʶˊʾˉˍ˖ˋʹ ʵʶ˄ 

ˉˊˇˋʽʵʽʱʸʶʽ ˋˍʹ ˃ ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ.  
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4 ʅˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ, ʁ ˅ʰˊˍʹ˃ʷ˄˖˄ ̝ ˊˇ˄ʽˁʱΣ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ 

ɶ ˉʰˊʰʵˇ˔ʺ ˍʹˌ ˔ˊˇ˄ʽˁʺˌ ʰ˄ʶ˅ʰˊˍʹˋʾʰˌ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ, ˈˉ˖ˌ 

ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍˈˋˇ ˍʹ ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ όshort-term 

persistence - STP)Σ ˈˋˇ ˁʰʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ όlong-term persistence - LTP) ˉˇˎ 

˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΦ  

ɮˊˁʶˍʷˌ ˉˊˇˋʶʴʴʾˋʶʽˌ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍˇˎ ˋˍˇ˔ʰˋˍʽˁˇˏ 

˔ʰˊʰˁˍʺˊʰ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄ όˁɦ ˉˇʽʶˌ ʰˉˈ ˍʽˌ ˇˉˇʾʶˌ ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˋˍˇ 

ɳɻ ʱ˒ʽˇ 2.1). ɱʽʰ ˍʹ˄ ʷˁ˒ˊʰˋʹ ˂ˇʽˉˈ˄Σ ˍˇˎ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˍʹˌ ʵʽʶˊʶˏ˄ʹˋʹˌ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ 

ʰ˅ʽˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ όˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍˈ ˉˊˈʲ˂ʹ˃ʰύ, ˃ʶ ˍʹ 

ʵʹ˃ʽˇˎˊʴʾʰ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˋˍˇ˔ʰˋˍʽˁˇˏ ˃ˇ˄ˍʷ˂ˇˎ, ʶˉʶ˂ʷʴʹ ˄ʰ ˎʽˇʻʶˍʹʻʶʾ ˁʰˍʰˊ˔ʱˌ ʹ 

ζɾʰˊˁˇʲʽʰ˄ʺη ˉˊˇˋʷʴʴʽˋʹ. ɶ ζɾʰˊˁˇʲʽʰ˄ʺη ˉˊˇˋʷʴʴʽˋʹ ˈ˃˖ˌΣ ˉʰˊˈ˂ˇ ˉˇˎ ʰˉˇʵʾʵʶʽ ˍʹ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃˄ʺ˃ʹ ˍ˖˄ ʽˋˍˇˊʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ 

˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʽʰʵʽˁʰˋʽ˗˄Σ ˁʰʻ˗ˌ ˇʽ ʵʽʰˍʹˊˇˏ˃ʶ˄ʶˌ ʰˉˈ ˍˇ 

˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˋˎˋ˔ʶˍʾˋʶʽˌ ˒ʻʾ˄ˇˎ˄ ˍʰ˔ˏˍʰˍʰ ʴʽʰ ˔ˊˇ˄ʽˁʱ ʲʺ˃ʰˍʰ ˃ʶˍʰˍˈˉʽˋʹˌ ˃ʶʴʰ˂ˏˍʶˊʰ 

ˍʹˌ ˍʱ˅ʹˌ ˍˇˎ ˃ˇ˄ˍʷ˂ˇˎ (ɳɻ ʱ˒ʽˇ 2.1.3). 

ɮˊˁʶˍˇʾ ʰ˂ʴˈˊʽʻ˃ˇʽ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ʴʽʰ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍʹˌ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ 

ʶ˃˃ˇ˄ʺˌ ˁʰˍʱ ˍʹ ʴʷ˄ʶˋʹ ˋˎ˄ʻʶˍʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˈˉ˖ˌ ˍˇ ˋ˔ʺ˃ʰ ˍˇˎ ˋˎ˃˃ʶˍˊʽˁˇˏ 

ˁˎ˂ʽˈ˃ʶ˄ˇˎ ˃ʷˋˇˎ όsymmetric moving average - SMA), ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˋˍʹˊʾʸˇ˄ˍʰʽ ˋˍʹ 

˂ˇʴʽˁʺ ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ ˁʰʻ˗ˌ ˁʰʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ˉˇˎ ˋˍʹˊʾʸˇ˄ˍʰʽ 

ˋʶ ˃ʶʻˈʵˇˎˌ ʵʽʰʵˇ˔ʽˁˇˏ ʶˉʽ˃ʶˊʽˋ˃ˇˏΦ  

ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ 

˔ˊˇ˄ʽˁʱΣ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʰʴ˖ʴʺˌ 

ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎ ˖ˌ ʱʻˊˇʽˋ˃ʰ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ ARόмύΣ ˇ ˇˉˇʾˇˌ 

ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ ˂ˇʴʽˁʺ ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ. 

ɮˁˇ˂ˇˎʻʶʾ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶΣ 

ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˔ˊˇ˄ʽˁʱΣ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˃ʶ ˍʹ˄ ˎʽˇʻʷˍʹˋʹ ˍ˖˄ ʵˏˇ ʰ˄˖ˍʷˊ˖˄ 

ˉˊˇˋʶʴʴʾˋʶ˖˄ ʴʽʰ ˍʹ˄ ʷˁ˒ˊʰˋʹ ˍʹˌ ˋˍˇ˔ʰˋˍʽˁʺˌ ˒ˏˋʹˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ   
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4.1 ɾʰˊˁˇʲʽʰ˄ʺ ˉˊˇˋʷʴʴʽˋʹ 

ɴˋˍ˖ ˂ˇʽˉˈ˄Σ ˍˎ˔ʰʾʰ ˋˍʱˋʽ˃ʹ ˃ʶˍʰʲ˂ʹˍʺ ὢ ὸ, ʹ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ 

ˁʰˍʰ˄ˇ˃ʺ (ʺ ˁʰˍʰ˄ˇ˃ʺ Gauss) ˃ʶ ˃ʷˋˇ ˈˊˇ ‘  ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ˃ʶ Ὥ ρȟςȟȣȟὯΦ ɶ 

˃ʶˍʰʲ˂ʹˍʺ ʰˎˍʺ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˉˈ 

ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ όὯ ˋˍˇ˄ ʰˊʽʻ˃ˈ) ˁʰʽ ʷˋˍ˖ ὶ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ 

ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ ɜʅɻ Ὥ ρȟςȟȣȟὯ O  Ὦ ρȟςȟȣȟὭ ‘‐ Ὧ ς ρπ . ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ 

ζɾʰˊˁˇʲʽʰ˄ʺη ˉˊˇˋʷʴʴʽˋʹ ʹ ʵʽʰˍˏˉ˖ˋʹ ˍˇˎ ʰ˄ˍʾˋˍˇʽ˔ˇˎ ˉˇ˂ˎ˃ʶˍʰʲ˂ʹˍˇ ˏ˃ˇ˄ˍʷ˂ˇˎ - 

ʅˍʱˋʽ˃ˇ ˃ˇ˄ˍʷ˂ˇ ʰˎˍˇˉʰ˂ʽ˄ʵˊˈ˃ʹˋʹˌ ˍʱ˅ʹˌ м όAR(1)) - ʁ ʾ˄ʰʽ ʹ ʶ˅ʺˌ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύ: 

 

ὢ ὥὢ ὦὠ 

 ̋

ὢ ὥὢ ὦὠ 

 

(4.1)  

 

ˈˉˇˎ: 

ὸ    ɻ ʶʾˁˍʹˌ ˉˇˎ ˋˎ˃ʲˇ˂ʾʸʶʽ ˍʹ ˔ˊˇ˄ʽˁʺ ʻʷˋʹ 

ὢ  ɻ ʽʱ˄ˎˋ˃ʰ Ὧ ̄ ˊˇˌ ʴʷ˄˄ʹˋʹ ̀ ˍˇ˔ʰˋˍʽˁ˗˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˍʹˌ ˉʶˊʽˈʵˇˎ ὸ, 

ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʶˍʰʲ˂ʹˍʷˌ 

ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˉʶˊʽˈʵ˖˄ 

ὠ  ɻ ʽʱ˄ˎˋ˃ʰ Ὧ ̡ ˇʹʻʹˍʽˁ˗˄ ˍˎ˔ʰʾ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˍʹˌ ˉʶˊʽˈʵˇˎ ὸ, 

ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ ʰˉˈ ˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌ ὢ ˁ ʰʽ ὠ 

ˉˊˇʹʴˇˏ˃ʶ˄˖˄ ˉʶˊʽˈʵ˖˄ ˁʰʽ 

ὥȟὦ ˃ ʹˍˊ˗ʰ ˉʰˊʰ˃ʷˍˊ˖˄ ˃ʶʴʷʻˇˎˌ Ὧ ὯΣ ʺˍˇʽ: 
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(4.2)  

ʅˎ˄ʶˉ˗ˌ ʰ˄ ʶʾ˄ʰʽ ʴ˄˖ˋˍˈ ˍˇ ˉʰˊˈ˄Σ ˍˇ ˃ʷ˂˂ˇ˄ ʵʶ˄ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˉʰˊʶ˂ʻˈ˄ ʰ˂˂ʱ 

˃ˈ˄ˇ ʰˉˈ ˍˇ ˉʰˊˈ˄Φ ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˋˍˇ ʰ˄˖ˍʷˊ˖ ˃ˇ˄ˍʷ˂ˇ ʵʽʰˍʹˊʶʾˍʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ 
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ˋˏ˄ˇ˂ˇ ˇˎˋʽ˖ʵ˗˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍʽˌ ʰˁˈ˂ˇˎʻʶˌ ˁʰˍʹʴˇˊʾʶˌ 

όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύ: 

ü ʃʰˊʱ˃ʶˍˊˇʽ ˍ˖˄ ˉʶˊʽʻ˗ˊʽ˖˄ ˋˎ˄ʰˊˍʺˋʶ˖˄ ˁʰˍʰ˄ˇ˃ʺˌ ˁʱʻʶ ˃ʶˍʰʲ˂ʹˍʺˌ  

V ɾʷˋʶˌ ˍʽ˃ʷˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

V ɲʽʰˋˉˇˊʷˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ 

V ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʰˋˎ˃˃ʶˍˊʾʰˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ όˁʰʽΣ ˁʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ˍˊʾˍʶˌ ˊˇˉʷˌύ 

ü ʃʰˊʱ˃ʶˍˊˇʽ ˍ˖˄ ʰˉˈ ˁˇʽ˄ˇˏ ̀ ˎ˄ʰˊˍʺˋʶ˖˄ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗ ˄ 

V ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˃ʹʵʶ˄ʽˁˈ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˃ʶˍʰ˅ˏ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ʵʽʰ˒ˇˊʶˍʽˁʺˌ ʻʷˋʹˌ 

V ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˃ˇ˄ʰʵʽʰʾˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˃ʶˍʰ˅ˏ ˃ʶˍʰʲ˂ʹˍ˗˄ 

ˍʹˌ ʾʵʽʰˌ ʻʷˋʹˌ ς ʃʶˊʾˉˍ˖ˋʹ ʶˉʾ˂ˎˋʹˌ ˃ʶ ʻʶ˗ˊʹˋʹ ʵʽʰʴ˗˄ʽˇˎ ˃ʹˍˊ˗ˇˎ ὥ 

V ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶ ˃ˇ˄ʰʵʽʰʾˇ ˔ˊˇ˄ʽˁˈ ʲʺ˃ʰ ˃ʶˍʰ˅ˏ ˁʰʻʶ˃ʽʱˌ 

˃ʶˍʰʲ˂ʹˍʺˌ ˁʰʽ ˈ˂˖˄ ˍ˖˄ ʱ˂˂˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ς ʃʶˊʾˉˍ˖ˋʹ ʶˉʾ˂ˎˋʹˌ ˃ʶ 

ʻʶ˗ˊʹˋʹ ˉ˂ʺˊˇˎˌ ˃ʹˍˊ˗ˇˎ ὥ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˂ˇʽˉˈ˄Σ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˍˇ ˉˊˈʲ˂ʹ˃ʰ ˍʹˌ ʵʽʶˊʶˏ˄ʹˋʹˌ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ 

ʶ˄ˇˉˇʾʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʴʽʰ ʰˏ˅ʹˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄ ʻʰ ˉˊʷˉʶʽ 

ˁʰˍʰˊ˔ʱˌ ˄ʰ ʵʹ˃ʽˇˎˊʴʹʻˇˏ˄ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌΣ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ 

ˎˉˈ ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰΦ ʁʽ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˎˍʷˌ ʻʰ ʰˉˇˍʶ˂ˇˏ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ 

ˍʹˌ ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ ὢ ὸΣ ˈˉ˖ˌ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʹˁʶ ʰ˄˖ˍʷˊ˖ όζɾʰˊˁˇʲʽʰ˄ʺ 

ˉˊˇˋʷʴʴʽˋʹύ. ɱʽʰ ˁʱʻʶ ˂ˇʽˉˈ˄ ˋˍʰʻ˃ˈ Ὥ (k ̀ ˍˇ˄ ʰˊʽʻ˃ˈύ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ млΣллл ˔ˊˇ˄ˇˋʶʽˊʷˌ 

όмлΣллл ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸύΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˈˋˇ ˍʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ 

ˋˎˋ˔ʷˍʽˋʹΣ ˈˋˇ ˁʰʽ ˍʹ ʵˇ˃ʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍˇˎ ˁʱʻʶ ˋˍʰʻ˃ˇˏ ˃ʶ ˍʹ˄ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ 

ˋ˔ʷˋʹˌ (3.3).  

ɮ˄ʰˁʶ˒ʰ˂ʰʽ˗˄ˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰ*Σ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˉʾ˂ˎˋʹˌ  ˍˇˎ ʰ˄˖ˍʷˊ˖ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʰ 

ʶ˅ʺˌ: 

ü ʃʰˊʰʵˇ˔ʷˌ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ ὢ ὸ h ˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ ὢ ὸ ʁ ʾ˄ʰʽ ˋˍʱˋʽ˃ʹ 

                                                             
*
 ζɲʶʵˇ˃ʷ˄ʰηΣ ʰˉˈ ˍʹ˄ ʱˉˇ˕ʹ ˉ˖ˌ ʶˉʶ˂ʷʴʹˋʰ˄ ˇʽ ˍʽ˃ʷˌ ˋˇˎˌ ʰˉˈ ˍʹ ˋˎʴʴˊʰ˒ʷʰ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ 
ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ  
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V ɶ ʵˇ˃ʺ ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ ʶˁ˒ˊʱʸʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʹ 

ζɾʰˊˁˇʲʽʰ˄ʺη ˉˊˇˋʷʴʴʽˋʹ 

V ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˎˋˍʷˊʹˋʹ м  ”Σ ʶʾ˄ʰʽ  ʾʵʽˇˌ ʴʽʰ ˈ˂ʶˌ 

ˍʽˌ ʻʷˋʶʽˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ (ˇ˃ˇʴʶ˄ʷˌ ˉʶʵʾˇ) 

V ʁʽ ˂ʶˎˁˈˌ ʻˈˊˎʲˇˌ ὠὸ h ˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

V ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ὶ ʶʾ˄ʰʽ ˁˇʽ˄ˈˌʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ ὭȟὮ 

όˇ˃ˇʴʶ˄ʷˌ ˉʶʵʾˇύ 

ü ɲʶʵˇ˃ʷ˄ʰ 

V ʅˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸΣ ʺˍˇʽ ‘ τππ, „ ρππ 

V ɾʺˁˇˌ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ὲ υπ 

V ɮˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄Σ Ὧ ςȟσȟȣȟρπ 

V ɮˁˊʾʲʶʽʰ ς ɮˊʽʻ˃ˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶ˖˄ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸ ʰ˄ʱ ˋˍʰʻ˃ˈΣ 

ʰˁˊʾʲʶʽʰ Ґ млΣллл 

ü ʃʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ 

V ɾʹˍˊ˗ˇ ˉʰˊʰ˃ʷˍˊ˖˄  ὥ  

V ɾʹˍˊ˗ˇ ˉʰˊʰ˃ʷˍˊ˖˄  ὦ  

V ɾʷˋʹ ˍʽ˃ʺ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ‘ *Σ ʴʽʰ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰˁˇ˂ˇˎʻˇˏ˄ 

ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ‘  ˁ ʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ρ 

ʁʽ ʵʽʱ˒ˇˊʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ʻʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ʴʽʰ ʵʽʱ˒ˇˊʶˌ 

ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ʲʺ˃ʰ 

˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ 

ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˎˋˍʷˊʹˋʹ м ”, 

ˇˉˇʾˇˌ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸΣ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʻʰ ʴʾ˄ˇˎ˄ ʴʽʰ 

ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ʰˎˍˇˏ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʹ ζʷ˄ˍʰˋʹη ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ʻʰ ʶˉʹˊʶʱʸʶʽ ˁʰʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʽˌ ˔ʰˊʰˁˍʹˊʾʸʶʽΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶ˅ʶˍʱˋˍʹˁʰ˄Σ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ, ˇʽ ̱̔ ˃ʷˌ 

                                                             
* ɶ ˉʰˊʱ˃ʶˍˊˇˌ ὦ  ʶʽˋʺ˔ʻʹ ˃ʶ ˋˁˇˉˈ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎ ˃ʶ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ʾˋʹ ˃ʶ ˍʹ ˃ˇ˄ʱʵʰΣ 

„ ρ 
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” πȢςȟπȢτȟπȢφ ʆɻʅ πȢψ. ʁʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌ ˔ˊˇ˄ʽˁʱ 

ʰˋˎˋ˔ʷˍʽˋˍ˖˄*  ˁ ʰʽ ʽˋ˔ˎˊ˗ˌ ˔ˊˇ˄ʽˁʱ ˋˎˋ˔ʶˍʽˋ˃ʷ˄˖˄Ϟ ̝ ˊˇ˄ˇˋʶʽˊ˗˄Σ ʰ˄ˍʾˋˍˇʽ˔ʰΦ  

ɱʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ὥ , ˁʰˍˈˉʽ˄ ʰˉ˂˗˄ 

ʰ˂ʴʶʲˊʽˁ˗˄ ˎˉˇ˂ˇʴʽˋ˃˗˄, ̄ ˊˇˁˏˉˍʶʽ ʹ ˋ˔ʷˋʹ όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύ: 

 

ʙ  ʡ ʘ
ὥ ὅέὺὢȟὢ ὅέὺὢ ȟὢ   

ʡ ʡ ʘ 
 

ὥ ὨὭὥὫὅέὺὢȟὢ ὠὥὶὢϳ ȟȣȟὅέὺὢȟὢ ὠὥὶὢϳ  

(4.3)  

ɱʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʽˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ ʶˉʶ˂ʷʴʹ, ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ 

ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ὥΣ ʹ ʶ˄ʰ˂˂ʰˁˍʽˁʺ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʵʽʰʴ˗˄ʽˇˎ ˃ʹˍˊ˗ˇˎ 

ˉʰˊʰ˃ʷˍˊ˖˄ όʅ˔ʷˋʹ (4.3)ύΦ ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ʴʽʰ ˋˍʱˋʽ˃ˇ ˃ˇ˄ˍʷ˂ˇ AR(1)Σ ˇʽ ˉʰˊʰˉʱ˄˖ 

ʶ˅ʽˋ˗ˋʶʽˌ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ˁʰˍʱ ʰ˄ʰ˂ˇʴʾʰ ˃ʾʰ ˃ˈ˄ˇ ˒ˇˊʱΣ ʵʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ 

ˉʰˊʰ˃ʷ˄ˇˎ˄ ˋˍʰʻʶˊʷˌΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶ˅ʶˍʱʸˇˎ˃ʶ όʶ˄ʰ˂˂ʰˁˍʽˁʺ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ 

ˉʶˊʾˉˍ˖ˋʹ ʵʽʰʴ˗˄ʽˇˎ ˃ʹˍˊ˗ˇˎύ ὥ ὥ ὥ ȣ ὥ ὅέὺὢȟὢ ὠὥὶὢϳ

”. 

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍˇˎ ˃ʹˍˊ˗ˇˎ ˉʰˊʰ˃ʷˍˊ˖˄ ὦΣ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍˇˎ 

ʷʴˁʶʽˍʰʽ ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʴʽ˄ˇ˃ʷ˄ˇˎ ὧ ὦ ὦ Σ ˈˉˇˎ ὦ  ˍˇ ʰ˄ʱˋˍˊˇ˒ˇ ˍˇˎ 

˃ʹˍˊ˗ˇˎ ὦ . ʆˇ ʴʽ˄ˈ˃ʶ˄ˇ ˂ˇʽˉˈ˄Σ ὦ ὦ  ʶˁ˒ˊʱʸʶˍʰʽ ʰˉˈ ˍʹ˄ ʰˁˈ˂ˇˎʻʹ ˋ˔ʷˋʹ 

όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ нллтύ: 

 

ὦ ὦ ὅέὺὢȟὢ ὥὅέὺὢ ȟὢ ὥ  

 ʗ  ʘ
ὅέὺὢȟὢ ὅέὺὢ ȟὢ ,  

ˈˉˇˎ ὅέὺὢȟὢ ȟὅέὺὢ ȟὢ   ̱ ʰ ˃ʹˍˊ˗ʰ ̀ ˎ˄ʵʽʰˋˉˇˊ˗˄ ˍ˖˄ 

ʰ˄ʶ˂ʾ˅ʶ˖˄  ὢ ʆɻʅ ὢ ɹ ʽʰ ˔ˊˇ˄ʽˁʷˌ ʻʷˋʶʽˌ ὸȟὸ ρ, h ˄ˍʾˋˍˇʽ˔ʰ 

˃ʶ ὅέὺὢȟὢ ᵼ 

ὅέὺὢȟὢ

ụ
Ụ
Ụ
ợ
ὅέὺὢȟὢ ὅέὺὢȟὢ Ễ ὅέὺὢȟὢ

ὅέὺὢȟὢ ὅέὺὢȟὢ Ễ ὅέὺὢȟὢ
ể

ὅέὺὢȟὢ
ể

ὅέὺὢȟὢ
Ệ
Ễ

ể
ὅέὺὢȟὢ Ứ

ủ
ủ
Ủ Ȣ

 

(4.4)  

                                                             
*
 ɾʶˍʱˉˍ˖ˋʹ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ 
Ϟ ʃʶˊʽˉˍ˗ˋʶʽˌ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˃ʶ ” πȢψ ˋˉʱ˄ʽʰ ˋˎ˄ʰ˄ˍ˗˄ˍʰʽ ˋˍʹ ˒ˏˋʹ 
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Ȣ

ὅέὺὢȟὢ

ụ
Ụ
Ụ
ợ
„ ὶ„ Ễ ὶ„

ὶ„ „ Ễ ὶ„
ể
ὶ„

ể
ὶ„

Ệ
Ễ

ể
„ Ứ
ủ
ủ
Ủ

 

 

ʁ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍˇˎ ˃ʹˍˊ˗ˇˎ ὦ  ʰˉˈ ˍʹ˄ ˉʰˊʰˉʱ˄˖ ˋ˔ʷˋʹ όʅ˔ʷˋʹ (4.4)ύ ʶʾ˄ʰʽ 

ʴ˄˖ˋˍˈˌ ˖ˌ ʶ˅ʰʴ˖ʴʺ ˍʹˌ ˍʶˍˊʰʴ˖˄ʽˁʺˌ ˊʾʸʰˌ ˍˇˎ ὧΦ ʆˇ ˉˊˈʲ˂ʹ˃ʰ ʰˎˍˈ ˋˍʹ ʴʶ˄ʽˁʺ ˍˇˎ 

˃ˇˊ˒ʺ ʴˊʱ˒ʶˍʰʽ ὦὦ ὧ, ˈˉ̌ˎ ὦ ˇ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʱʴ˄˖ˋˍˇˌ ˉʾ˄ʰˁʰˌ όʴ˄˖ˋˍˈˌ ˁʰʽ 

˖ˌ ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰ ˍˇˎ ˉʾ˄ʰˁʰ ὧ ˁʰʽ ὧ  ˇ ˋˎ˃˃ʶˍˊʽˁˈˌ ˉʾ˄ʰˁʰˌ ˍˇˎ ˇˉˇʾˇˎ ʸʹˍʶʾˍʰʽ ʹ 

ˍʶˍˊʰʴ˖˄ʽˁʺ ˊʾʸʰΦ  

 ʆˇ ˉʰˊʰˉʱ˄˖ ˉˊˈʲ˂ʹ˃ʰ ʶʾ˄ʰʽ ʰʵˏ˄ʰˍˇ όʵʶ˄ ʷ˔ʶʽ ˁʰ˃ʾʰ ˂ˏˋʹύ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇ 

ˉʾ˄ʰˁʰˌ Ŏ ʶʾ˄ʰʽ ˃ʹ ʻʶˍʽˁʱ ˇˊʽˋ˃ʷ˄ˇˌΣ ˁʰʽ ʰˈˊʽˋˍˇ όʷ˔ʶʽ ʱˉʶʽˊʶˌ ˂ˏˋʶʽˌύ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ 

ˇ ˉʾ˄ʰˁʰˌ Ŏ ʶʾ˄ʰʽ ʻʶˍʽˁʱ ˇˊʽˋ˃ʷ˄ˇˌΦ ʅˍʹ˄ ʵʶˏˍʶˊʹ ˍ˖˄ ˉʶˊʽˉˍ˗ˋʶ˖˄Σ ˎ˒ʾˋˍʰ˄ˍʰʽ ʵˏˇ 

ʰˊˁʶˍʱ ʵʽʰʵʶʵˇ˃ʷ˄ˇʽ ʰ˂ʴˈˊʽʻ˃ˇʽ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ʵˏˇ ʵʽʰ˒ˇˊʶˍʽˁ˗˄ ʶ˄ ʴʷ˄ʶʽ ˂ˏˋʶ˖˄ 

όɼˇˎˍˋˇʴʽʱ˄˄ʹˌΣ 2007): 

ü ɮ̄ ˇˋˏ˄ʻʶˋʹ ˋʶ ˁʱˍ˖ ˍˊʽʴ˖˄ʽˁˈ ˃ʹˍˊ˗ˇ ˃ʶ ˍˇ˄ ʰ˂ʴˈˊʽʻ˃ˇ /ƘƻƭŜǎƪȅ 

ü ɮ̄ ˇˋˏ˄ʻʶˋʹ ˋʶ ˉ˂ʺˊʶˌ ˃ʹˍˊ˗ˇ ˃ʶ ˔ˊʺˋʹ ˍ˖˄ ʽʵʽˇʵʽʰ˄ˎˋ˃ʱˍ˖˄ ˍˇˎ ˉʾ˄ʰˁʰ c 

όʰ˂ʴˈˊʽʻ˃ˇˌ WŀŎƻōƛύΦ 

ʃˊˈˋ˒ʰˍʰΣ ˉˊˇˍʱʻʹˁʶ ʷ˄ʰˌ ʴʶ˄ʽˁʶˎ˃ʷ˄ˇˌ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˃ʾʰˌ ʲʷ˂ˍʽˋˍʹˌ 

˂ˏˋʹˌ ˍˇˎ ˉʾ˄ʰˁʰ ὦ όYƻǳǘǎƻȅƛŀƴƴƛǎΣ мфффύΣ ʴʽʰ c ʶʾˍʶ ʻʶˍʽˁʱ ˇˊʽˋ˃ʷ˄ˇ όʰˁˊʽʲʺˌ ˂ˏˋʹύ ʶʾˍʶ 

ˈ˔ʽ όˉˊˇˋʶʴʴʽˋˍʽˁʺ ˂ˏˋʹύΦ 

ɮˉˈ ˍʹ˄ ˋ˔ʷˋʹ (4.4) ˋˎ˄ʶˉ˗ˌ, ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˍˇ ʴʽ˄ˈ˃ʶ˄ˇ ὧ ὦ ὦ ʹ ʶ˅ʰʴ˖ʴʺ ˍʹˌ 

ˍʶˍˊʰʴ˖˄ʽˁʺˌ ˊʾʸʰˌ ˍˇˎ ˇˉˇʾˇˎ, ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ὦ , 

ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˃ʶ ˔ˊʺˋʹ ˍˇˎ ʰ˂ʴˈˊʽʻ˃ˇˎ Cholesky. 

ɱʽʰ ˍʹ ʴʷ˄ʶˋʹ ˂ˇʽˉˈ˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ ˎˉˈ ʶ˅ʷˍʰˋʹ 

ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰΣ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ (4.1) ʰˉˇ˃ʷ˄ʶʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ 

ˍ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ‘  όɶ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˍ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ „  ʽˋˇˏˍʰʽ ˃ʶ ˍʹ 

˃ˇ˄ʱʵʰ). ɶ ʵʽʰʵʽˁʰˋʾʰ ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʶ˄ ˂ˈʴ˖ ˍʽ˃˗˄ 

ˉʰˊʰˍʾʻʶˍʰʽ ʰˁˇ˂ˇˏʻ˖ˌ ʴʽʰ Ὧ ςΦ ɱʽʰ Ὧ ςΣ ʹ ʰˉˈʵʶʽ˅ʹ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˋ˔ʷˋʶ˖˄ 

ˉʰˊʰˍʾʻʶˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɮ.  
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ɱʽʰ Ὧ ς ʵʽʶˊʶˎ˄ʱˍʰʽ ʹ ʶ˄ˇˉˇʾʹˋʹ ʵˏˇ ʵʶʽʴ˃ʱˍ˖˄ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌΣ ˍʰ 

ˇˉˇʾʰ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ʰˉˈ ˍʽˌ ʶ˅ʺˌ ʵˏˇ ʰ˄ʶ˂ʾ˅ʶʽˌ: 

 
Ȣ    ὥ   ὦ ὠ

  ὥ   ὥ   ὦ ὠ ὦ ὠ
 (4.5)  

ɮˉˈ ˍʹ˄ (4.5) ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ όʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ςύ ˇʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ‘ ˁʰʽ ‘  ˍ˖˄ 

˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ὠ  ˁ ʰʽ ὠΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ˖ˌ ʶ˅ʺˌ: 

 

Ȣ ῴ  ὥ ῴ  ὦ ῴὠ

ῴ  ὥ ῴ  ὥ ῴ  ὦ ῴὠ ὦ ῴὠ
 

ᵾ
‘ ὥ ‘ ὦ ‘

‘ ὥ ‘ ὥ ‘ ὦ ‘ ὦ ‘
 

‘ ὥ ‘ ὦ ‘

‘ ὥ ‘ ὥ ‘ ὦ ‘ ὦ ‘
ᵾ 

ᵾ

ừ
Ử
Ừ

Ử
ứ ‘

‘ ρ ὥ

ὦ

‘
‘ ρ ὥ ὥ ὦ ‘

ὦ

 

(4.6)  

ɾʶ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ὥȟὦ  ˁʰʻ˗ˌ ˁʰʽ ˍ˖˄ ˃ʷˋ˖˄ ˍʽ˃˗˄ ˍ˖˄ 

˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ὠΣ ˁʰʻʾˋˍʰˍʰʽ ˉ˂ʷˇ˄ ʵˎ˄ʰˍʺ ʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo 

ʴʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ ˎˉˈ 

ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰ όʶ˒ʰˊ˃ˇʴʺ ˋ˔ʷˋʹˌ (4.1)). 

Aˁˇ˂ˇˎʻʶʾ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˉˇˎ ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ 

ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ˋˍʰʻ˃˗˄. ʂˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʹ 

ʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ʻʰ ʴʾ˄ʶʽ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˁʰʽ ʶˁˍʾ˃ʹˋʹ 

˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

ɶ ̄ ʶˊʽʴˊʰ˒ʺ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ˉˊˇˋʶʴʴʾˋʶ˖˄, ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ 

ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˃ʶ ˋˁˇˉˈ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ 

ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʰ ʶʵʱ˒ʽʰ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ όɳʵʱ˒ʽ h

4.1.1, 4.1.2 ˁ ʰʽ 4.1.3Σ ʰ˄ˍʾˋˍˇʽ˔ʰύ. 
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ʃˊˇˍˇˏ ˈ˃˖ˌ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˄ʱ˂ˎˋʹ ˇ˒ʶʾ˂ʶʽ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ 

ʰʵˎ˄ʰ˃ʾʰ ˍ˖˄ ˁ˂ʰˋˋʽˁ˗˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʹˍˊʽ˗˄ ˄ʰ ʰˉˇʵ˗ˋˇˎ˄ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ 

ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ 

όʶʵʱ˒ʽʰ 2.1.3 ˁʰʽ 2.1.4). ɶ ˋˍˇ˔ʰˋˍʽˁʺ ˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʶʽˋʱʴʶʽ ˂ˇʽˉˈ˄, 

ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍˈˋˇ ˍʹˌ ʵʽʰˋˉˇˊʱˌΣ ˈˋˇ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ*, ʹ ˇˉˇʾʰ 

˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˖ˌ ʶ˅ʺˌ (Koutsoyiannis, 2010): 
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(4.7)  

ˈ̄ ˇˎ ‘ᶻ , ‘ᶻ̌ ʽ όˋ˔ʶˍʽˁʷˌύ ˃ʶˊˇ˂ʹ˕ʾʶˌ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ 

ʰˉˈˁ˂ʽˋʹˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ῴὛᶻ  ʹ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹϞ ˍʽ˃ʺ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ 

ˁʰ ̔ῴὛᶻ  ́  ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ 

ɱʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ όk ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˁʰʽ ʴʽʰ ˁʱʻʶ ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏ 

˂ˇʽˉˈ˄Σ ʶˁˍʽ˃ʱˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺΣ ʹ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˁʰʽ ʹ ʵʽʰˋˉˇˊʱ ˃ʶ ˔ˊʺˋʹ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ 

ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌΦ ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ʶˁˍʽ˃ʱˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺ ʰˎˍ˗˄Φ ɾʶ ʲʱˋʹ 

ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ʰˎˍʷˌ ό˃ʷˋʶˌ ˍʽ˃ʷˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌύ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʶˊˇ˂ʹ˕ʾʶˌ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ (4.7) ˁʰʽ ʵʽˇˊʻ˗˄ˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ʰˎˍʷˌ ˇʽ 

млΣллл ˉˊˇˋʶʴʴʾˋʶʽˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ ˖ˌ ʶ˅ʺˌ: 
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(4.8)  

ˈˉˇˎ Ὓᶻ , Ὓᶻ ` ˇʽ ʰ˃ʶˊˈ˂ʹˉˍʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ 

ʰˉˈˁ˂ʽˋʹˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰ ˁʰʽ Ὓᶻ , Ὓᶻ  ˇʽ ˃ʶˊˇ˂ʹˉˍʽˁʷˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ 

ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌΣ ʰ˄ˍʾˋˍˇʽ˔ʰ ɶ ʾʵʽʰ ʵʽʰʵʽˁʰˋʾʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʰʽ ʴʽʰ ˍˇ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰΦ  

                                                             
*
 ɶ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ʶʾ˄ʰʽ ʰ˃ʶˊˈ˂ʹˉˍʹ 
Ϟ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌ  
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4.1.1 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ς ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

˃ʷˋʹˌ ˍʽ˃ʺˌ 

ɱʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄, ˃ʶ 

ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ, ʹ 

ʵʽʰʵʽˁʰˋʾʰ ʶʾ˄ʰʽ ʰ˄ʱ˂ˇʴʹ ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Φ  

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʴʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ʶˁˍʽ˃ʱˍʰʽ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ 

млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ ὢ ὸΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˈ˃˖ˌ ʰˎˍʺ ʹ 

ʰ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹ (ʷˋˍ˖ ὠὥὶὢὸ )Σ ˂ˈʴ˖ ˍʹˌ ˎˉʱˊ˔ˇˎˋʰˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΣ 

ˎˉˇʶˁˍʽ˃ʱˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˍʽ˃ʺ όʅ˔ʷˋʹ (3.13)). ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ 

˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾΣ ˋʶ ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ*  ˃ ʺˁˇˎˌ  ὲ Σ ˖ˌ ʶ˅ʺˌ: 
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(4.9)  

ʅˎ˄ʶˉ˗ˌ, ʴ̔ ʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ ̌ʵʶʾʴ˃ʰ ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ 

˃ʷˋʹˌ ˍʽ˃ʺˌ όʅ˔ʷˋʹ (3.14)) ̱ ˊˇˉˇˉˇʽʶʾˍʰʽ ˖ˌ ʶ˅ʺˌ: 
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Ὧὲ
  (4.10)  

ˈˉˇˎ ὲ  ́  ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ ʽˋˇʵˏ˄ʰ˃˖˄ ˃ʹˁ˗˄  ὲ Σ ˍ˖˄ Ὧ ̄ ˊˇˌ ʶ˄ˇˉˇʾʹˋʹ ʵʶʽʴ˃ʱˍ˖˄. 

ɶ ˉʰˊʰˉʱ˄˖ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʶˁˍʾ˃ʹˋʹ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ˋˎ˄ʶˉʺˌ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌϞ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃ˇʾ ʶʾ˄ʰʽ 

ʰˋˎˋ˔ʷˍʽˋˍˇʽ όὶ π. ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ʰˉˈ ˍʹ˄ (4.10) ʴʽʰ 

ὶ πΣ ˃ˉˇˊʶʾ ˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˋʶ ˈˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ, ˃ʶ ˍˊˈˉˇ 

ʰ˄ʱ˂ˇʴˇ ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʺˍˇʽ 

                                                             
*
 ʋˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄ 
Ϟ ɲʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʵʽˈˊʻ˖ˋʹ ˂ˈʴ˖ ˃ʶˊˇ˂ʹ˕ʾʰˌΦ ɶ ʻʶ˖ˊʹˍʽˁʺ ˍʽ˃ʺ ˍʹˌ ʶ˄ ˂ˈʴ˖ ʶˁˍʾ˃ʹˋʹˌ ʶʾ˄ʰʽ (Koutsoyiannis, 
2002): 

 Σ ˈˉˇˎ 
ὲ ὲ ὲ

Ⱦ
  ῼ‌”‖‛‍―‌’ʙ “”‛„ʘ‎‎―„–

ὲ ὲ ὲ                      ̈́’‐‗ʚ‚‐―‟ ̈́“‗ʙ‟  ‘‛―‛—‐„ʚ‌‟
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σȢρυ
Ȣ
Ὧ Ὧ
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ὠὥὶὤ ὸ 

„

ὲ ὠὥὶὤ ὸ 
 

(4.11)  

ˈˉˇˎ ὠὥὶὤ ὸ  ʹ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ˃ʷˋʹˌ 

ˍʽ˃ʺˌ ˁʰʽ ὠὥὶὤ ὸ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ 

ɮˁˇ˂ˇˎʻʶʾΣ ˃ʶ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄Σ ʶˁˍʾ˃ʹˋʹ ˍ̌ˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ̱ˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ 

όʅ˔ʷˋʹ (4.11))Σ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ 

ὭȟὮΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋˍʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. ʅʶ 

ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ”Σ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˇʽ ˍʽ˃ʷˌ 

” πȢςȟπȢτȟπȢφ ʆɻʅ πȢψ. 

ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ 

ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ʵʶʽʴ˃ʱˍ˖˄ Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ, ʴʽʰ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋˍʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ 

” πȢςȟπȢτȟπȢφ ʆɻʅ πȢψ (ʅ˔ʺ˃ʰ 4.1 ˁʰʽ ʅ˔ʺ˃ʰˍʰ пΦнΣ пΦоΣ пΦп ˁʰʽ пΦрΣ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ʰˊʽʻ˃ˈ 

ˋˍʰʻ˃˗˄ Ὧ ρπ). ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 
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ʅ˔ʺ˃ʰ 4.1: ɹ̀ ˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟  ̩̀ ˎ˄ʱˊˍʹˋʹ ̱ ˇˎ ̀ ˎ˄ˍʶ˂ʶˋˍʺ h ˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ  ▪  

 
ʅ˔ʺ˃ʰ 4.2: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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ʅ˔ʺ˃ʰ 4.3: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

 
ʅ˔ʺ˃ʰ 4.4Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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1́
 = 0.4
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ 
1́
 = 0.6
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ʅ˔ʺ˃ʰ 4.5: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

ʅˍʰ ʰ˄˖ˍʷˊ˖ ˋ˔ʺ˃ʰˍʰΣ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ˋˍʰʻ˃˗˄ ▓▄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ 

ʰ˄ʶ˅ʱˊˍʹˍʹ ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˉˊˇˌ ʶ˄ˇˉˇʾʹˋʹ ˎʵˊˇ˂ˇʴʽˁʷˌ 

˔ˊ̌˄ˇˋʶʽˊʷˌΦ ʅˎ˄ʶˉ˗ˌ, ʰ˄ ʴʽʰ ˁʱʻʶ ʵʶʾʴ˃ʰ ˉˊˇˋʵʽˇˊʽˋˍʶʾ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ˃ʺˁˇˌ ▪░╪◊◄▫, 

˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄, ˁʰʽ ˃ʶ ʲʱˋʹ ˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ʰˎˍʺ ʶˁˍʽ˃ʹʻʶʾ 

ˇ ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰΣ ʹ ʶ˅ʶˍʰʸˈ˃ʶ˄ʹ 

ˉʶˊʾˉˍ˖ˋʹ ˃ʶˍʰˉʾˉˍʶʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋˍʰˍʽˋˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ όɳʵʱ˒ʽˇ 3.1)Σ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ 

4.1.2 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ς ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 

ʆʰ ˉʰˊʰˉʱ˄˖ ʲʰˋʾʸˇˎ˄ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˋˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ ɶ ʾʵʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˁʰʽ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ 

ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʶˉʰˏ˅ʹˋʹˌ ˍʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΦ  
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ɱʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ, ʶˁˍʽ˃ʱˍʰʽ ʹ ʵʽʰˋˉˇˊʱ ˍ˖˄ млΣллл 

ʵʽˇˊʻ˖˃ʷ˄˖˄* ˉˊˇˋʶʴʴʾˋʶ˖˄ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌΦ ɼʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ ˈ˃˖ˌΣ 

ʹ ʰ˄˖ˍʷˊ˖ ʶˁˍʾ˃ʹˋʹ όʷˋˍ˖ ὠὥὶὛᶻ ), ˂ˈʴ˖ ˍʹˌ ˎ˒ʽˋˍʱ˃ʶ˄ʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΣ 

ˎˉˇʶˁˍʽ˃ʱˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʻʶ˖ˊʹˍʽˁʺ ˍʹˌ ˉˊˇˋʷʴʴʽˋʹ όʅ˔ʷˋʹ (3.16)ύΦ ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ 

ʰˎˍʺ ʶˁ˒ˊʱʸʶˍʰʽ ˁ ʰʽ ʶʵ˗Σ ˋʶ ̍ ˊˇˎˌ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ  ὲ Σ ˖ˌ ʶ˅ʺˌ: 

 

Ȣ
ὠὥὶὛᶻ

ς„

ὲ ρ
ᵼ 

ᵼὲ
ς„

ὠὥὶὛᶻ
ρ 

(4.12)  

ɱ̔ ʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ˂ˇʽˉˈ˄Σ ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ 

ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ όʅ˔ʷˋʹ (3.17)ύ ˍˊˇˉˇˉˇʽʶʾˍʰʽ ˖ˌ ʶ˅ʺˌ: 

 ὠὥὶὛᶻ
ς„

Ὧὲ ρ

ς„

Ὧὲ ρ
 (4.13)  

ˈˉˇˎ ὲ  ́  ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ ʽˋˇʵˏ˄ʰ˃˖˄ ˃ʹˁ˗˄  ὲ Σ ˍ˖˄ Ὧ ̄ ˊˇˌ ʶ˄ˇˉˇʾʹˋʹ ʵʶʽʴ˃ʱˍ˖˄. 

ɶ ˉʰˊʰˉʱ˄˖ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʶˁˍʾ˃ʹˋʹ ʶʾ˄ʰʽ ˉ˂ʷˇ˄ ˋˎ˄ʶˉʺˌ ˃ʶ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 

ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌϞ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃ˇʾ ʶʾ˄ʰʽ 

ʰˋˎˋ˔ʷˍʽˋˍˇʽ όὶ π. ɱʽʰ ὶ π ˈ˃˖ˌΣ ʹ (4.13) ˎˉˇʶˁˍʽ˃ʱ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˍʽ˃ʺ ˍʹˌ 

ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌΣ ˈˉ˖ˌ ˁʰˍʰʵʶʽˁ˄ˏˇˎ˄ ˁʰʽ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 

ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΦ ɶ ˎˉˇʶˁˍʾ˃ʹˋʹ ʰˎˍʺ ʶˁ˒ˊʱʸʶˍʰʽ ˁʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˋʶ ˈˊˇˎˌ 

ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ, ̋ ˍˇʽ 

 σȢρψ
Ȣ
Ὧ

ς„

ὠὥὶὛᶻ ὲ

ρ

ὲ
 (4.14)  

ˈˉˇˎ ὠὥὶὛᶻ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌΣ ˍˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ. 

ɮˁˇ˂ˇˎʻʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ̱ˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ όʅ˔ʷˋʹ (4.14)ύΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋˍʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʂ˃ˇʽʰ ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

                                                             
*
 ɽˈʴ˖ ˃ʶˊˇ˂ʹ˕ʾʰˌ όʅ˔ʷˋʹ (4.8)) 
Ϟ ɮ˒ˇˏ ˉˊ˗ˍʰ ʰˎˍʺ ʵʽˇˊʻ˖ʻʶʾ ˂ˈʴ˖ ˃ʶˊˇ˂ʹ˕ʾʰˌΣ ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˇˉˇʾʰˌ ʻʰ ʴʾ˄ʶʽ ˃ʶ ʵʽʶ˄ʷˊʴʶʽʰ 
ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ɹ ʽh ὶ π 
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ʶˁˍʾ˃ʹˋʹˌ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˍˇ ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. ʅʶ 

ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ”Σ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˇʽ ˍʽ˃ʷˌ 

” πȢςȟπȢτȟπȢφ ʆɻʅ πȢψ. 

ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ 

ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ” (ʅ˔ʺ˃ʰ 4.6). 

ɶ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ ʰ˄˖ˍʷˊ˖ ʶˁˍʽ˃ʺˋʶ˖˄ όὯ Ὢὶ ), ʵʾʵʶˍʰʽ ˋˍʰ 

ˋ˔ʺ˃ʰˍʰ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπ (ʅ˔ʺ˃ʰˍʰ пΦтΣ пΦуΣ пΦф ˁʰʽ пΦмл). ʆʰ 

ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 

 
ʅ˔ʺ˃ʰ 4.6: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ  ▪  
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ʅ˔ʺ˃ʰ 4.7Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

 
ʅ˔ʺ˃ʰ 4.8Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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ʅ˔ʺ˃ʰ 4.9Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

 
ʅ˔ʺ˃ʰ 4.10Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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ʃh ˊʰˍʹˊʶʾˍʰʽ ˂ˇʽˉˈ˄Σ ˋˍʰ ʰ˄˖ˍʷˊ˖ ˋ˔ʺ˃ʰˍʰ ˉ˖ˌ ̌̔ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ▓▄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʹ 

ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ όⱬ ύΦ ɶ ˁʰˍʱˋˍʰˋʹ 

ʲʷʲʰʽʰ ʰˎˍʺΣ ʴʾ˄ʶˍʰʽ ʰʽˋʻʹˍʺ ʴʽʰ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ πȢτ. 

ʃʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹ, ʁ ˉʾ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʸʹˍʺ˃ʰˍˇˌ, h ˁˇ˂ˇˎʻʶʾ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ 5. 

4.1.3 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ 

ʶˉʰ˄ʰ˒ˇˊʱˌ 

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˍʷ˂ˇˌ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ 

ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʰˎˍʺ ˍˊˇˉˇˉˇʽʶʾˍʰʽ 

˃ʶ ʰ˄ˍʾˋˍˇʽ˔ˇ ˍˊˈˉˇ ˃ʶ ˉʰˊʰˉʱ˄˖ όɳɻ ʱ˒ʽʰ 4.1.1 ˁʰʽ 4.1.2)Σ ˗ˋˍʶ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ʵˇ˃ʺ 

ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ 

ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱ όɳʵʱ˒ʽˇ 3.3)Σ ʴʽʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ όk ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˁʰʽ ʴʽʰ ˁʱʻʶ 

ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏΣ ʶˁˍʽ˃ʱˍʰʽ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʷʴʽˋˍʹ ˁʰʽ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ όмлΣллл ˃ʷʴʽˋˍʶˌ 

ˁʰʽ млΣллл ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈύΦ 

ɱ̔ ʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ˁʰʽ ʴʽʰ ˁʱʻʶ ˃ʾʰ ʰˉˈ ˍʽˌ млΣллл ˃ʷʴʽˋˍʶˌ ˁʰʽ млΣллл ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌ 

ʶˁˍʽ˃˗˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˉʽʻʰ˄ˈˍʹˍʶˌ ˃ʹ ˎˉʷˊʲʰˋʹˌ (Ὂ  ˁʰʽ Ὂ , ʰ˄ˍʾˋˍˇʽ˔ʰύ ˃ʶ 

ʲʱˋʹ ˍʹ˄ ˁʰ˄ˇ˄ʽˁʺ ʰʻˊˇʽˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ. ɮˁˇ˂ˇˏʻ˖ˌ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ʹ 

˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ млΣллл ʶˁˍʽ˃ʺˋʶ˖˄ ˍʹˌ ˉʽʻʰ˄ˈˍʹˍʰˌ ˃ʹ ˎˉʷˊʲʰˋʹˌΣ ˍˈˋˇ ʴʽʰ ˍʽˌ ˃ʷʴʽˋˍʶˌΣ 

ˈˋˇ ˁʰʽ ʴʽʰ ˍʽˌ ʶ˂ʱ˔ʽˋˍʶˌ ˍʽ˃ʷˌΦ ɶ ʶˁˍʾ˃ʹˋʹ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˂ˇʽˉˈ˄Σ ʴʽʰ ˁʱʻʶ ˋˍʰʻ˃ˈ ˍʹˌ 

ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ Ὕȟ , ɹ ʾ˄ʶˍʰʽ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ (3.19). 

ʍˋˍˈˋˇΣ ʹ ʰ˄ˍʾˋˍˇʽ˔ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ 

ˍʽ˃ʺˌ όʅ˔ʷˋʹ (3.20)ύ ˎˉʶˊʶˁˍʽ˃ʱ ˍʹ˄ ˉˊʰʴ˃ʰˍʽˁʺ ˍʹˌ ˍʽ˃ʺΣ ˁʰʻ˗ˌ ʵʶ˄ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʹ 

˔ˊˇ˄ʽˁʺ ʶ˅ʱˊˍʹˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˎ˄ʶˉ˗ˌΣ ʹ ˉ˂ʹˊˇ˒ˇˊʾʰ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ 

ˍʹ ˃ʶˍʰʲ˂ʹˍʺ ὢ ὸ h ˄ˍʽˋˍˇʽ˔ʶʾ ˋʶ ˃ʽˁˊˈˍʶˊˇ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ όʷˋˍ˖ ὲ ύΣ ʺˍˇʽ: 

 

Ȣ Ὕȟ ὲ ρ               

Ὕȟ ὲ ρ    
ᵼ 

Ȣ
ὲ Ὕȟ ρ 

(4.15)  

ɳ˄ ˋˎ˄ʶ˔ʶʾʰ ʴʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ˉ˂ʷˇ˄ ʵʶʾʴ˃ʰΣ ʶˁˍʽ˃ʱˍʰʽ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˃ʶ 

ʰ˄ˍʾˋˍˇʽ˔ˇ ˍˊˈˉˇ ʹ ˉʶˊʾˇʵˇˌ ʶˉʰ˄ʰ˒ˇˊʱˌ Ὕ , ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ʰˎˍˇˏ όʅ˔ʷˋʹ 
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(3.21)). ɱʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰ ˂ˇʽˉˈ˄Σ ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ 

ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ όʅ˔ʷˋʹ (3.22)ύ ˍˊˇˉˇˉˇʽʶʾˍʰʽ ˖ˌ ʶ˅ʺˌ: 

 Ὕ Ὧὲ ρ (4.16)  

ˈˉˇˎ ὲ  ʹ ˃ʷˋʹ ˍʽ˃ʺ ˍ˖˄ ʽˋˇʵˏ˄ʰ˃˖˄ ˃ʹˁ˗˄  ὲ Σ ˍ˖˄ Ὧ ˉˊˇˌ ʶ˄ˇˉˇʾʹˋʹ ʵʶʽʴ˃ʱˍ˖˄ 

ˁʰʽ Ὕ  ́  ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ ʻʶ˖ˊʹˍʽˁʺ ʶˁˍʽ˃ʺˍˊʽʰ ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ. 

ɾʶ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˉʰˊʰˍʹˊʺʻʹˁʶ ˉ˖ˌ ʹ ˉʰˊʰˉʱ˄˖ ˍˊˇˉˇˉˇʽʹ˃ʷ˄ʹ 

ʶˁˍʾ˃ʹˋʹ ʵʶ˄ ˉˊˇˋʶʴʴʾʸʶʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʶˁˍʾ˃ʹˋʹ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

ˉˇˎ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˋˍʰʻ˃ˇʾ ʶʾ˄ʰʽ ʰˋˎˋ˔ʷˍʽˋˍˇʽ όὶ πΣ ˈˉ˖ˌ ʰˊ˔ʽˁʱ ʺˍʰ˄ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ˇ 

όʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ʶʾ˄ʰʽ ˃ʶʴʰ˂ˏˍʶˊʹύΦ ɳˉʶ˂ʷʴʹ ˂ˇʽˉˈ˄Σ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ 

˄ʰ ʶˁ˒ˊʰˋˍʶʾ ˍˇ ʽˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ὲ  ˁ ʱʻʶ ˋˍʰʻ˃ˇˏ ˖ˌ ʶ˅ʺˌ: 

 ὲ Ḋ
Ὕ Ⱦ ρ

Ὧ
   (4.17)  

ʂ̄ ˇˎ Ὕ Ⱦ  ʹ ʶˁˍʾ˃ʹˋʹ, ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ, ˍʹˌ ˉʶˊʽˈʵˇˎ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ 

˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ, ɹ ʽʰ ὶ π. 

ʁ ʽˋˇʵˏ˄ʰ˃ˇˌ ˂ˇʽˉˈ˄, ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ὯΣ ˇ ˇˉˇʾˇˌ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ 

ʵʶʾʴ˃ʰΣ ʶˁˍʽ˃ʱˍʰʽ ˖ˌ ʶ˅ʺˌ:  

 Ὧ
Ὕ ρ

ὲ
         (4.18)  

ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ˃ʶ ˍʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ 

ὭȟὮ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶˁˍʽ˃˗˄ˍʰʽ ˁʱʻʶ ˒ˇˊʱ ˇʽ 

ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ Ὧ όʅ˔ʷˋʹ (4.18)).  

ɮˁˇ˂ˇˎʻʶʾ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ 

ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ 

ʵʶʽʴ˃ʱˍ˖˄ Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʴʽʰ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋˍʹˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ 

” πȢςȟπȢτȟπȢφ ʆɻʅ πȢψ (ʅ˔ʺ˃ʰ пΦмм ˁʰʽ ʅ˔ʺ˃ʰˍʰ пΦмнΣ пΦмоΣ пΦмп ˁʰʽ пΦмр, ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ 

Ὧ ρπ). ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 
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ʅ˔ʺ˃ʰ 4.11: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ  ▪  

 
ʅ˔ʺ˃ʰ 4.12Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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ʅ˔ʺ˃ʰ 4.13: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

 
ʅ˔ʺ˃ʰ 4.14: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  
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1́
 = 0.4
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ 
1́
 = 0.6
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ʅ˔ʺ˃ʰ 4.15: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ Ȣ  

ʃʰˊʰˍʹˊʶʾˍʰʽ ˂ˇʽˉˈ˄Σ ˋˍʰ ʰ˄˖ˍʷˊ˖ ˋ˔ʺ˃ʰˍʰ ˉ˖ˌ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ▓▄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ ʰʽˋʻʹˍʱ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ 

ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ, ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄, ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ όⱬ ). 

ʃʶˊʰʽˍʷˊ˖ ʰ˄ʱ˂ˎˋʹΣ ʶˉʾ ˍˇˎ ˋˎʴˁʶˁˊʽ˃ʷ˄ˇˎ ʸʹˍʺ˃ʰˍˇˌΣ ʰˁˇ˂ˇˎʻʶʾ ˋˍˇ ˁʶ˒ʱ˂ʰʽˇ 5. 

4.2 ɮ˄ʶ˂ʾ˅ʶʽˌ ɮˉ˂ʺˌ ʁ˃ˇʽˇʻʶˋʾʰˌ 

ʅˍˇ ˋʹ˃ʶʾˇ ʰˎˍˈΣ ʶˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˉ˖ˌ ˉʰˊˈ˂ˇ ˉˇˎ ʹ ʰ˄˖ˍʷˊ˖ ˉˊˇˋʷʴʴʽˋʹ ˂ʰ˃ʲʱ˄ʶʽ 

ˎˉˈ˕ʹ ˍʹ ˔ˊˇ˄ʽˁʺ ʶ˅ʱˊˍʹˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ʰˉˇʵʾʵˇ˄ˍʰˌ ˍʹ 

ʲˊʰ˔ˎˉˊˈʻʶˋ˃ʹ ˃˄ʺ˃ʹ ʰˎˍ˗˄Σ ʰˉˇˍˎʴ˔ʱ˄ʶʽ ˄ʰ ʰˉˇʵ˗ˋʶʽ ˍʹ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹ ʶ˃˃ˇ˄ʺ ˉˇˎ 

ˍʽˌ ˔ʰˊʰˁˍʹˊʾʸʶʽΦ  

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʰˉˇʵˇʻʶʾ ʹ ˋˍˇ˔ʰˋˍʽˁʺ ʰˎˍʺ ˒ˏˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄, 

ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾΣ ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˇ ʰ˂ʴˈˊʽʻ˃ˇˌ ˉʰˊʰʴ˖ʴʺˌ ˁ˂ʰˋ˃ʰˍʽˁˇˏ 

ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎ ˖ˌ ʱʻˊˇʽˋ˃ʰ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ AR(1), ˇ ˇˉˇʾˇˌ ˋˍʹˊʾʸʶˍʰʽ ˋˍʹ ˂ˇʴʽˁʺ 

ˍˎ˔ʰʾ˖˄ ʵʽʰˁˎ˃ʱ˄ˋʶ˖˄ ˉˇ˂˂ʰˉ˂ʺˌ ˁ˂ʾ˃ʰˁʰˌ όɳʵʱ˒ʽˇ 2.1.4.1).  
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ 
1́
 = 0.8
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ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ
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ɴˋˍ˖ ˂ˇʽˉˈ˄Σ ˍˎ˔ʰʾʰ ˋˍʱˋʽ˃ʹ ˃ʶˍʰʲ˂ʹˍʺ ὢ , ʹ ˇˉˇʾʰ ʰˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

˃ʶ ˃ʷˋˇ ˈˊˇ ‘  ˁʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ˃ʶ Ὥ ρȟςȟȣȟὯΦ ɶ ˃ʶˍʰʲ˂ʹˍʺ ʰˎˍʺ 

ʰ˄ˍʽˉˊˇˋ˖ˉʶˏʶʽ ˍʽˌ ʵʽʰʻʷˋʽ˃ʶˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʰˉˈ ʵʽʰ˒ˇˊʶˍʽˁʷˌ ʻʷˋʶʽˌ όὯ ˋˍˇ˄ 

ʰˊʽʻ˃ˈ) ˁʰʽ ʷˋˍ˖ ὶ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮ ɜʅɻ Ὥ

ρȟςȟȣȟὯ O  Ὦ ρȟςȟȣȟὭ ‘‐ Ὧ ς ρπ . ɶ ˍˎ˔ʰʾʰ ˂ˇʽˉˈ˄ ʰ˄ʷ˂ʽ˅ʹ ὢ  ˉʰˊʱʴʶˍʰʽ ˖ˌ 

ʱʻˊˇʽˋ˃ʰ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ AR(1)Σ ʺˍˇʽ: 

 ὢ  ὢᶻ ‘ ὃ ὄ ὅ ‘  (4.19)  

ˈˉˇˎ ὃ , ὄ , ὅ  ̱ ˊʶʽˌ ʰ˄ʶ˂ʾ˅ʶʽˌ AR(1)Σ ˇˉˇʾʶˌ ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˖ˌ ʶ˅ʺˌ όʅ˔ʷˋʹ (4.1)) : 

 

ὃ ὥ ὃ ὦ ὠ  

ὄ ὥ ὄ ὦ ὠ  

ὅ ὥ ὅ ὦ ὠ  

(4.20)  

˃ʶ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ʴʽʰ ˎˋˍʷˊʹˋʹˌ мΣ ʰ˄ˍʾˋˍˇʽ˔ʰ (ʅ˔ʷˋʹ (2.25)): 

 

Ȣ

ὥ ” ρȢυςῷ πȢυ Ȣ

ὥ • πȢωυσχȢφωρ ῷ Ȣ

ὥ ‚
πȢωσςπȢπψχῷȟ ῷ πȢχφ
πȢωωσπȢππχῷȟ         ῷ πȢχφ

 

 

(4.21)  

ʁʽ ˃ʷˋʶˌ ˍʽ˃ʷˌ ˁʰʽ ˇʽ ʵʽʰˋˉˇˊʷˌ ˍ˖˄ ˍˊʽ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ AR(1) ʶˁ˒ˊʱʸˇ˄ˍʰʽ ˖ˌ όKoutsoyiannis, 

2002): 

 

‘ ‘ ‘ π 

„ ρ ὧ ὧ „ 

„ ὧ„ 

„ ὧ„  

(4.22)  
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ˈˉˇˎ ˍʰ ὧ, ὧ ʶˁˍʽ˃˗˄ˍʰʽ ʷˍˋʽ ˗ˋˍʶ ʹ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ˍ˖˄ ˍˊʽ˗˄ 

ʰ˄ʶ˂ʾ˅ʶ˖˄ ” ρ ὧ ὧ ” ὧ• ὧ‚, ˄ʰ ˍʰˎˍʾʸʶˍʰʽ ˃ʶ ˍʹ ʻʶ˖ˊʹˍʽˁʺ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ*  ̱ ˇˎ ˁ˂ʰˋ˃ʰˍʽˁˇˏ ɱˁʰˇˎˋʽʰ˄ˇˏ ʻˇˊˏʲˇˎΣ ʴʽʰ ˎˋˍʷˊʹˋʹ м ˁʰʽ мллΦ 

ɳˉʽˋʹ˃ʰʾ˄ʶˍʰʽ ˈˍʽ ʹ ʻʶ˗ˊʹˋʹ ˉ˖ˌ ‘ ‘ ‘ πɖΣ ʵʶ˄ ʵʹ˃ʽˇˎˊʴʶʾ ˁʱˉˇʽˇ 

ˉˊˈʲ˂ʹ˃ʰ ˋˍʹ ˋˎ˄ʻʶˍʽˁʺ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʺˌ ὢΣ ʰ˒ˇˏ ʹ 

ʴˊʰ˃˃ʽˁˈˍʹˍʰ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˉˇˎ ʵʽʷˉʶʽ ˍʹ ˃ʷˋʹ ˍʽ˃ʺ ʶˉʽˍˊʷˉʶʽ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍˇˎ 

ʴˊʰ˃˃ʽˁˇˏ ˃ʶˍʰˋ˔ʹ˃ʰˍʽˋ˃ˇˏΣ  ὢ  ὢᶻ ‘ ˍʹ˄ ʰ˄ʰˉʰˊʰʴ˖ʴʺ ʰˎˍʺˌΦ  ɶ ˃ʶˍʰʲ˂ʹˍʺ  ὢ  

ʷ˔ʶʽ ˋˎ˄ʶˉ˗ˌΣ ˈ˃ˇʽʰ ˋˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˃ʶ ˍʹ ˃ʶˍʰʲ˂ʹˍʺ  ὢᶻΣ ʰ˂˂ʱ ˃ʷˋʹ ˍʽ˃ʺ ‘ . 

ʆʰ ˎˉˈ ʶ˅ʷˍʰˋʹ ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰ ˋˎ˄ʶˉ˗ˌΣ ʻʰ ʰˉˇˍʶ˂ˇˏ˄ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ 

ˍˎ˔ʰʾʰˌ ˃ʶˍʰʲ˂ʹˍʺˌ  ὢ , ˈˉ˖ˌ ʰˎˍʺ ˉʶˊʽʴˊʱ˒ʹˁʶ ʰ˄˖ˍʷˊ˖Φ ɱʽʰ ˁʱʻʶ ˂ˇʽˉˈ˄ ˋˍʰʻ˃ˈ Ὥ (k 

ˋˍˇ˄ ʰˊʽʻ˃ˈύ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ млΣллл ˔ˊˇ˄ˇˋʶʽˊʷˌ όмлΣллл ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶʽˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ 

 ὢ ), ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˈˋˇ ˍʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˋˎˋ˔ʷˍʽˋʹΣ ˈˋˇ ˁʰʽ ˍʹ ʵˇ˃ʺ 

ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍˇˎ ˁʱʻʶ ˋˍʰʻ˃ˇˏ ˃ ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ (4.19).  

ɮ˄ʰˁʶ˒ʰ˂ʰʽ˗˄ˇ˄ˍʰˌ ˍʰ ʵʶʵˇ˃ʷ˄ʰϟΣ ˇʽ ˉʰˊʱ˃ʶˍˊˇ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˁʰʻ˗ˌ ˁʰʽ ˇʽ 

ˉʰˊʰʵˇ˔ʷˌ ˉˇˎ ʷʴʽ˄ʰ˄ ˋˍʰ ˉ˂ʰʾˋʽʰ ʶˉʾ˂ˎˋʹˌ  ˍˇˎ ʰ˄˖ˍʷˊ˖ ˉˊˇʲ˂ʺ˃ʰˍˇˌ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʰ 

ʶ˅ʺˌ: 

ü ʃʰˊʰʵˇ˔ʷˌ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ  ὢ  h ˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

V ɶ ʰ˄ʷ˂ʽ˅ʹ  ὢʶʾ˄ʰʽ ˋˍʱˋʽ˃ʹ 

V ɶ ʵˇ˃ʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ  ὢ  ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʺ ˃ʶ ˍʹ ˂ˇʴʽˁʺ 

ʰ˄ʰˉʰˊʰʴ˖ʴʺˌ ˍʹˌ ˃ʰˁˊˇˉˊˈʻʶˋ˃ʹˌ ʶ˃˃ˇ˄ʺˌΣ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ 

ʰ˄ʶ˂ʾ˅ʶʽˌ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌ   

V ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Hurst ʶʾ˄ʰʽ ˁˇʽ˄ˈˌ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ʻʷˋʶʽˌ ʶ˄ʵʽʰ˒ʷˊˇ˄ˍˇˌ 

όˉʶʵʾˇ ˇ˃ˇʴʶ˄ʷˌύ 

V ʁʽ ˂ʶˎˁˈˌ ʻˈˊˎʲˇˌ  ὢ  h ˁˇ˂ˇˎʻʶʾ ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ 

                                                             
* ” ” Ὦ ρ Ὦ ρ ςὮ ȟὮ π 
Ϟ
 ɼʰˍʱ ˋˎ˄ʷˉʶʽʰΣ ˁʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ˇʽ ˂ʶˎˁˇʾ ʻˈˊˎʲˇʽ ʷ˔ˇˎ˄ ˃ʹʵʶ˄ʽˁʺ ˃ʷˋʹ ˍʽ˃ʺΣ ʰ˂˂ʱ ˁʰʽ ʹ ʰ˄ʷ˂ʽ˅ʹ  ὢΣ ʺˍˇʽ: 

ῴὠ ῴὠ ῴὠ πȟὉ ὢᶻ π  
ϟ
 ζɲʶʵˇ˃ʷ˄ʰηΣ ʰˉˈ ˍʹ˄ ʱˉˇ˕ʹ ˉ˖ˌ ʶˉʶ˂ʷʴʹˋʰ˄ ˇʽ ˍʽ˃ʷˌ ˋˇˎˌ ʰˉˈ ˍʹ ˋˎʴʴˊʰ˒ʷʰ ʴʽʰ ˍʽˌ ʰ˄ʱʴˁʶˌ ˍʹˌ 
ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌ  
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V ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ὶ ʶʾ˄ʰʽ ˁˇʽ˄ˈˌ ʴʽʰ ˁʱʻʶ ʸʶˏʴˇˌ 

ὭȟὮόˉʶʵʾˇ ˇ˃ˇʴʶ˄ʷˌύ 

ü ɲʶʵˇ˃ʷ˄ʰ 

V ʅˍʰˍʽˋˍʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʰ˄ʷ˂ʽ˅ʹˌ  ὢΣ ʺˍˇʽΥ ‘ τππ, „ ρππ 

V ɾʺˁˇˌ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ὲ υπ 

V ɮˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄Σ Ὧ ςȟσȟȣȟρπ 

V ɮˁˊʾʲʶʽʰ ς ɮˊʽʻ˃ˈˌ ˉˊʰʴ˃ʰˍˇˉˇʽʺˋʶ˖˄ ʰ˄ʷ˂ʽ˅ʹˌ  ὢ  ʰ˄ʱ ˋˍʰʻ˃ˈΣ 

ʰˁˊʾʲʶʽʰ Ґ млΣллл 

ü ʃʰˊʱ˃ʶˍˊˇʽ ˉˊˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˈ 

V ɾʹˍˊ˗ h̄ ʰˊʰ˃ʷˍˊ˖˄  ὥ , ὥ  ˁ ʰʽ ὥ  

V ɾʹˍˊ˗ʰ ̄h ˊʰ˃ʷˍˊ˖˄  ὦ , ὦ  ˁ ʰʽ ὦ  

V ɾʷˋʹ ˍʽ˃ʺ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ‘ *Σ ʴʽʰ ˍˇ˄ 

ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰˁˇ˂ˇˎʻˇˏ˄ 

ˁʰ˄ˇ˄ʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˃ʶ ˃ʷˋʹ ˍʽ˃ʺ ‘  ˁ ʰʽ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ „ ρ 

ʁʽ ʵʽʱ˒ˇˊʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ʻʰ ʰˁˇ˂ˇˎʻʺˋˇˎ˄ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ˁʰʽ ˋˍʹ˄ 

ʰ˄ʱ˂ˎˋʹ ʰˎˍʺΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ 

ὭȟὮ. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ 

ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ ˁʰʽ ʷ˄ʰΣ ʻʶ˖ˊʺʻʹˁʶ 0.05. ʅʶ ˇΣˍʽ ʰ˒ˇˊʱ ˋ̱ ʽˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

HurstΣ ˇ ˇˉˇʾˇˌ ʶˁ˒ˊʱʸʶʽ ˍʹ˄ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹ ˍʹˌ ʰ˄ʷ˂ʽ˅ʹˌ  ὢΣ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ʻʰ ʴʾ˄ˇˎ˄ ʴʽʰ 

ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ʰˎˍˇˏ ˁʰʻ˗ˌ ʶʾ˄ʰʽ ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ʹ ζʷ˄ˍʰˋʹη ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˍ˖˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ʻʰ ʶˉʹˊʶʱʸʶʽ ˁʰʽ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ˎʵˊˇ˂ˇʴʽˁʺ ˉ˂ʹˊˇ˒ˇˊʾʰ ˍʽˌ ˔ʰˊʰˁˍʹˊʾʸʶʽΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Hurst ̒  h̄ ʰʾˊ˄ʶʽ ˍʽˌ ˍʽ˃ʷˌ Ὄ πȢυυȟπȢφȟπȢχȟπȢψ ʆɻʅ πȢω.  

ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ὥ , ὥ  ˁ ʰʽ ὥ  

ˍ˖˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ ὃ , ὄ , ὅΣ ʰ˄ˍʾˋˍˇʽ˔ʰΣ ʷʴʽ˄ʶ ˁʰʽ ʶʵ˗ ́ ˉʰˊʰʵˇ˔ʺ ˉ˖ˌ ˍʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

˃ʹˍˊ˗ʰ ʶʾ˄ʰʽ ʵʽʰʴ˗˄ʽʰ όʅ˔ʷˋʹ (4.3) ς ʶ˄ʰ˂˂ʰˁˍʽˁʺ ʰˉ˂ˇˎˋˍʶˎ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹύ, 

˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˉʰˊʱ˂˂ʹ˂ʰ ˎˉˈ˕ʹ ˉ˖ˌ ˇʽ ʶ˄ ˂ˈʴ˖ ʰ˄ʶ˂ʾ˅ʶʽˌ ʶʾ˄ʰʽ ˋˍʱˋʽ˃ʶˌΣ ̋ ˍˇʽ 

                                                             
* ɶ ˉʰˊʱ˃ʶˍˊˇˌ ὦ  ʶʽˋʺ˔ʻʹ ˃ʶ ˋˁˇˉˈ ˍʹ ˔ˊʺˋʹ ˍˇˎ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎ ˃ʶ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ʾˋʹ ˃ʶ ˍʹ ˃ˇ˄ʱʵʰΣ 

„ ρ 
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Ȣ
ὥ ὥ ὥ ȣ ὥ ὅέὺὃȟὃ ὠὥὶὃϳ ”

ὥ ὥ ὥ ȣ ὥ ὅέὺὄȟὄ ὠὥὶὄϳ •

ὥ ὥ ὥ ȣ ὥ ὅέὺὅȟὅ ὠὥὶὅϳ ‚

 (4.23)  

ɶ ʵʽʰʵʽˁʰˋʾʰ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍ˖˄ ˃ʹˍˊ˗˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ὦ , ὦ  ˁʰʽ ὦ  ʷʴˁʶʽˍʰʽ 

ˋˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖ ˄ʴʽ˄ˇ˃ʷ˄˖ ˄ὧ ὦ ὦ , ὧ ὦ ὦ  ˁʰʽ ὧ ὦ ὦ , 

ʰ˄ˍʾˋˍˇʽ˔ʰ όʅ˔ʷˋʹ (4.4))Σ ʹ ˇˉˇʾʰ  ʷ˔ʶʽ ˉʶˊʽʴˊʰ˒ʶʾ ʰ˄ʰ˂ˎˍʽˁʱ ˋˍˇ ʶʵʱ˒ʽˇ 4.1. 

ɱʽʰ ˍʹ ʴʷ˄ʶˋʹ ˂ˇʽˉˈ˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Σ ˇʽ ˇˉˇʾʶˌ ʻʰ ʰ˄ˍʽˉˊˇˋ˖ˉʶˏˇˎ˄ ˍʰ ˎˉˈ ʶ˅ʷˍʰˋʹ 

ˎʵˊˇ˂ˇʴʽˁʱ ʵʶʾʴ˃ʰˍʰΣ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ (4.19) ʰˉˇ˃ʷ˄ʶʽ ˇ ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ 

ˍ˖˄ ˂ʶˎˁ˗˄ ʻˇˊˏʲ˖˄ ‘ , ‘ ˁʰʽ ‘  ˍ˖˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ ὃ , ὄ , ὅΣ ʰ˄ˍʾˋˍˇʽ˔ʰ όɶ ˍˎˉʽˁʺ 

ʰˉˈˁ˂ʽˋʹ ˈ˂˖˄ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ˍˇˎ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎ ʽˋˇˏˍʰʽ ˃ʶ ˍʹ ˃ˇ˄ʱʵʰΣ ʺˍˇʽ 

„ „ „ ρ). ɶ ʵʽʰʵʽˁʰˋʾʰ, ˉˇˎ ʰˁˇ˂ˇˎʻʺʻʹˁʶ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʶ˄ 

˂ˈʴ˖ ˍʽ˃˗˄, ʷ˔ʶʽ ʶˉʾˋʹˌ ʰ˄ʰˉˍˎ˔ʻʶʾ ˋˍˇ ʶʵʱ˒ʽˇ 4.1* ˁʰʽ ˇʽ ʰˉˇʵʶʾ˅ʶʽˌ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ 

ˋ˔ʷˋʶ˖˄ ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɮ.  

ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱΣ ʰˁˇ˂ˇˎʻʶʾ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˉˇˎ 

ʵʹ˃ʽˇˎˊʴʺʻʹˁʰ˄ ˁʰˍʱ ˍʹ ʵʽʰʵʽˁʰˋʾʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌΣ ˃ʶ ˋˁˇˉˈ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ 

ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄Φ ɶ ʶˁˍʾ˃ʹˋʹ ʰˎˍʺΣ ˈˉ˖ˌ ˁʰʽ ˋˍʽˌ ˉˊˇʹʴˇˏ˃ʶ˄ʶˌ ˉʶˊʽˉˍ˗ˋʶʽˌ 

ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄Σ ʻʰ ʴʾ˄ʶʽ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˃ʷˋʹˌ ˍʽ˃ʺˌΣ ˍʹ ʵʽʰˋˉˇˊʱ 

ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ ʶ˄˗ ˉʰˊʱ˂˂ʹ˂ʰ ʻʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˁʰʽ 

ʶˁˍʾ˃ʹˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˍʹˌ ˃ʷʴʽˋˍʹˌ ˍʽ˃ʺˌ ˍˇˎ ʵʶʾʴ˃ʰˍˇˌΦ 

ʃˊˇˍˇˏ ˈ˃˖ˌ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻʶʾ ˇˉˇʽʰʵʺˉˇˍʶ ʰ˄ʱ˂ˎˋʹ, ˇ˒ʶʾ˂ʶʽ ˁʰʽ ˋʶ ʰˎˍʺ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ʰʵˎ˄ʰ˃ʾʰ ˍ˖˄ ˁ˂ʰˋˋʽˁ˗˄ ˋˍʰˍʽˋˍʽˁ˗˄ ʶˁˍʽ˃ʹˍˊʽ˗˄ ˄ʰ 

ʰˉˇʵ˗ˋˇˎ˄ ˍʽˌ ˉˊʰʴ˃ʰˍʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ʵʽʱ˒ˇˊ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ 

˔ˊˇ˄ˇˋʶʽˊ˗˄, ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ όʶʵʱ˒ʽʰ 2.1.3 ˁʰʽ 2.1.4ύΦ ɶ ˋˍˇ˔ʰˋˍʽˁʺ ʰˎˍʺ ˒ˏˋʹ ˍ˖˄ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʶʽˋʱʴʶʽ ʰʲʶʲʰʽˈˍʹˍʰ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ, ˍˈˋˇ ˍʹˌ ʵʽʰˋˉˇˊʱˌΣ ˈˋˇ 

ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ ʰˉˈˁ˂ʽˋʹˌ. ɶ ʰʲʶʲʰʽˈˍʹˍʰ ʰˎˍʺ ˃ʱ˂ʽˋˍʰΣ ˋˍʹ˄ ˉˊˇˋʷʴʴʽˋʹ ˉˇˎ ʶ˅ʶˍʱʸˇˎ˃ʶΣ 

ʶʾ˄ʰʽ ʰˁˈ˃ʹ ˃ʶʴʰ˂ˏˍʶˊʹ ʰˉˈ ʶˁʶʾ˄ʹ ˉˇˎ ʶʽˋʱʴʶˍʰʽ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˋˍʰˍʽˋˍʽˁ˗˄ 

˔ʰˊʰˁˍʹˊʽˋˍʽˁ˗˄ ʰ˄ʶ˂ʾ˅ʶ˖˄ ˍˏˉˇˎ Markov. 

ʅˎ˄ʶˉ˗ˌΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ʰʲʶʲʰʽˈˍʹˍʰ ˉˇˎ ʶʽˋʱʴʶˍʰʽ ˋˍʽˌ 

ʶˁˍʽ˃ʺˋʶʽ,̩ ˈˉ˖ˌ ˁʰʽ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰ˄ʱ˂ˎˋʹˌ ʰ˄ʶ˂ʾ˅ʶ˖˄ ˍˏˉˇˎ Markov όɳʵʱ˒ʽˇ 4.1), 
                                                             
* ʁʽ ʰ˄ʶ˂ʾ˅ʶʽˌ ὃ , ὄ , ὅ  ʶʾ˄ʰʽ ʰ˄ʶ˂ʾ˅ʶʽˌ AR(1) 



 

70 
 

ʰˁˇ˂ˇˎʻʶʾˍʰʽ ʹ ʶ˅ʺˌ ʵʽʰʵʽˁʰˋʾʰΦ ɱ̔ ʰ ˁʱʻʶ ʶˉʽ˃ʷˊˇˎˌ ʵʶʾʴ˃ʰ όk ˋˍˇ˄ ʰˊʽʻ˃ˈύ ˁʰʽ ʴʽʰ ˁʱʻʶ 

ˉˊʰʴ˃ʰˍˇˉˇʾʹˋʹ ʰˎˍˇˏΣ ʶˁˍʽ˃ʱˍʰʽ ʹ ˃ʷˋʹ ˍʽ˃ʺΣ ʹ ˍˎˉʽˁʺ ʰˉˈˁ˂ʽˋʹ ˁʰʽ ʹ ʵʽʰˋˉˇˊʱ ˃ʶ 

˔ˊʺˋʹ ˍʹˌ ʰ˄ˍʾˋˍˇʽ˔ʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˁ˂ʰˋˋʽˁʺˌ ˋˍʰˍʽˋˍʽˁʺˌΦ ɳ˄ ˋˎ˄ʶ˔ʶʾʰ, ʶˁˍʽ˃ʱˍʰʽ ʹ 

˃ʷˋʹ ˍʽ˃ʺ ʰˎˍ˗˄Φ ɾʶ ʲʱˋʹ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ʰˎˍʷˌ ό˃ʷˋʶˌ ˍʽ˃ʷˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍˎˉʽˁʺˌ 

ʰˉˈˁ˂ʽˋʹˌύΣ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˃ʶˊˇ˂ʹ˕ʾʶˌ ˃ʶ ʶ˒ʰˊ˃ˇʴʺ ˍʹˌ ˋ˔ʷˋʹˌ (4.7) ˁʰʽ 

ʵʽˇˊʻ˗˄ˇ˄ˍʰʽ ˃ʶ ˍʽˌ ˍʽ˃ʷˌ ʰˎˍʷˌ ˇʽ млΣллл ˉˊˇˋʶʴʴʾˋʶʽˌ ˍʹˌ ʵʽʰˋˉˇˊʱˌ ˁʰʽ ˍʹˌ ˍˎˉʽˁʺˌ 

ʰˉˈˁ˂ʽˋʹˌ όʅ˔ʷˋʹ (4.8)). ɶ ʾʵʽʰ ʵʽʰʵʽˁʰˋʾʰ ʶˉʰ˄ʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ˁʰʽ ʴʽʰ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ 

ʵʶʾʴ˃ʰΦ 

ɶ ˉʶˊʽʴˊʰ˒ʺ ˍ˖˄ ˉˊˇˋʶʴʴʾˋʶ˖˄ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄Σ ˉˇˎ ʰ˒ˇˊˇˏ˄ 

ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ 

ʵʶʾʴ˃ʰΣ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʰ ʶʵʱ˒ʽʰ ˉˇˎ ʰˁˇ˂ˇˎʻˇˏ˄ όɳʵʱ˒ʽʰ 4.2.1, 4.2.2 ˁʰʽ 4.2.3, 

ʰ˄ˍʾˋˍˇʽ˔ʰύΦ 

4.2.1 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ς ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

˃ʷˋʹˌ ˍʽ˃ʺˌ  

ɱʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˃ʶ 

ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹ ˍʽ˃ʺˌ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʹ 

ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˂ˎˋʹˌ ʶʾ˄ʰʽ ˉʰ˄ˇ˃ˇʽˈˍˎˉʹ ˃ʶ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ 

ʵʶʽʴ˃ʱˍ˖˄Σ ˃ʶ ˃ˇˊ˒ʺ ʶ˅ʱˊˍʹˋʹˌ ˍˏˉˇˎ Markov όɳʵʱ˒ʽˇ 4.1.1ύΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ 

ʰ˄ʶ˂ʾ˅ʶ˖˄ ʰˉ˂ʺˌ ˇ˃ˇʽˇʻʶˋʾʰˌ ˉˇˎ ʶ˅ʶˍʱʸˇˎ˃ʶΣ ʹ ˉʰˊʱ˃ʶˍˊˇˌ ˉˇˎ ʻʰ ˃ʶˍʰʲʱ˂˂ʶˍʰʽ ʴʽʰ ˍʹ 

ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʶˉʽˊˊˇʺˌ ˍʹˌ ʷ˄ˍʰˋʹˌ ˍʹˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˋˍʽˌ ʵʽʱ˒ˇˊʶˌ ʶˁˍʽ˃ʺˋʶʽˌΣ ʻʰ 

ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ Hurst. 

ɮˁˇ˂ˇˎʻʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ˋˎ˄ʶˉ˗ˌΣ ˃ʶ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ɹ ʽʰ ˍʹ 

ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ̱ˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ όʅ˔ʷˋʹ (4.11)ύΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

Hurst ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˍˇ ʲʺ˃ʰ ˃ʶˍʰʲˇ˂ʺˌ ˍˇˎ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ὶΣ ˇʽ ˇˊʽʰˁʷˌ ˍʽ˃ʷˌ ˍˇˎ ˇˉˇʾˇˎ ʶʾ˄ʰʽ ˃ʹʵʷ˄ ˁʰʽ ʷ˄ʰΣ 

ʻʶ˖ˊʺʻʹˁʶ 0.05. ʅʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ HurstΣ ʵˇˁʽ˃ʱˋˍʹˁʰ˄ ˇʽ ˍʽ˃ʷˌ Ὄ

πȢυυȟπȢφȟπȢχȟπȢψ ʆɻʅ πȢω. 
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ɶ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ ˉˊˇˌ ˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ 

Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst 

Ὄ πȢυυȟπȢφȟπȢχȟπȢψ ʆɻʅ πȢω, ʵʾʵʶˍʰʽ ˋˍʰ ʰˁˈ˂ˇˎʻʰ ˋ˔ʺ˃ʰˍʰ (ʅ˔ʺ˃ʰ пΦмс ˁʰʽ ʅ˔ʺ˃ʰˍʰ 

пΦмтΣ пΦмуΣ пΦмфΣ пΦнл ˁʰʽ пΦнмΣ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπ). ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΦ 

 
ʅ˔ʺ˃ʰ 4.16: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 
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 ʴʽʰ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ƴ Ґ рл π ɮ˄ʶ˂ʾ˅ʶʽˌ ɮˉ˂ʺˌ ʁ˃ˇʽˇʻʶˋʾʰˌ

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ
ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ʅ˔ʺ˃ʰ 4.17Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ  ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.18: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦрр

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦс

 

 
ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ʅ˔ʺ˃ʰ 4.19Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.20Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦт

 

 
ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦу

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ʅ˔ʺ˃ʰ 4.21Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

ʃʰˊʰˍʹˊʶʾˍʰʽ ˂ˇʽˉˈ˄Σ ˋˍʰ ʰ˄˖ˍʷˊ˖ ˋ˔ʺ˃ʰˍʰ ˉ˖ˌ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ▓▄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ ʰʽˋʻʹˍʱ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ, ˍˈˋˇ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˔ˊˇ˄ʽˁʱ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄ ό╗ ȢύΣ ˈˋˇ ˁʰʽ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˃ʶ ˃ˇˊ˒ʺ ʶ˅ʱˊˍʹˋʹˌ ˍˏˉˇˎ Markov. 

ɾʱ˂ʽˋˍʰΣ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ►░▒ , ˇ 

ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ▓▄ ̱ ˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˍʶʾ˄ʶʽ ˋˍˇ ˍˊʾʰΦ  

4.2.2 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ς ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ 

ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 

ʂˉ˖ˌ ˁʰʽ ˉʰˊʰˉʱ˄˖Σ ʴʽʰ ˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍˇ˔ʰˋˍʽˁʱ 

ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 

ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʹ ʵʽʰʵʽˁʰˋʾʰ ʰ˄ʱ˂ˎˋʹˌ ʶʾ˄ʰʽ ˉʰ˄ˇ˃ˇʽˈˍˎˉʹ ˃ʶ ˍʹ˄ 

ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ʵʶʽʴ˃ʱˍ˖˄Σ ˃ʶ ˃ˇˊ˒ʺ ʶ˅ʱˊˍʹˋʹˌ ˍˏˉˇˎ Markov 

όɳʵʱ˒ʽˇ 4.1.2). 

ɮˁˇ˂ˇˎʻʶʾ ˁʰˍʱ ˍʰ ʴ˄˖ˋˍʱ ˋˎ˄ʶˉ˗ˌΣ ˃ʶ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ɹ ʽʰ ˍʹ 

ʴʷ˄ʶˋʹ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Σ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ̱ˇˎ 
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦф

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ
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ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ όʅ˔ʷˋʹ (4.14)ύΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

Hurst ̱ ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ  

ɶ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ ˉˊˇˌ ˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ 

Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst 

Ὄ πȢυυȟπȢφȟπȢχȟπȢψ ʆɻʅ πȢωΣ ʵʾʵʶˍʰʽ ˋˍʰ ʰˁˈ˂ˇˎʻʰ ˋ˔ʺ˃ʰˍʰ όʅ˔ʺ˃ʰ 4.22 ˁʰʽ ʅ˔ʺ˃ʰˍʰ 

пΦноΣ пΦнпΣ пΦнрΣ пΦнс ˁʰʽ пΦнтΣ ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπύΦ ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰ ɰ. 

 
ʅ˔ʺ˃ʰ 4.22: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ  ▪  
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ɹˋˇʵˏ˄ʰ˃ˇˌ ˃ʺˁˇˌ n
auto
 ʴʽʰ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ƴ Ґ рл π ɮ˄ʶ˂ʾ˅ʶʽˌ ɮˉ˂ʺˌ ʁ˃ˇʽˇʻʶˋʾʰˌ

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ
ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ʅ˔ʺ˃ʰ 4.23: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ  ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.24: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦрр

 

 
ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦс

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ʅ˔ʺ˃ʰ 4.25: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.26: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦт

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦу

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ʅ˔ʺ˃ʰ 4.27: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

ʃʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ˁʰʽ ˋʶ ʰˎˍʺ˄ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹΣ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ▓▄ ˍˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌΣ ʴʽʰ ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ ʰʽˋʻʹˍʱ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ 

ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˍˈˋˇ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˔ˊˇ˄ʽˁʱ ˎʵˊˇ˂ˇʴʽˁ˗˄ 

ʵʶʽʴ˃ʱˍ˖˄ ό╗ ȢύΣ ˈˋˇ ˁʰʽ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˃ʶ ˃ˇˊ˒ʺ ʶ˅ʱˊˍʹˋʹˌ ˍˏˉˇˎ Markov. 

ɾʱ˂ʽˋˍʰΣ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ►░▒ Σ ˇ 

ʽˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ▓▄ ̱ ˇˎ ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ ˍʶʾ˄ʶʽ ˋˍˇ ʶ˒ˍʱΦ  

4.2.3 ɲʽʶˊʶˏ˄ʹˋʹ ʶˉʰˏ˅ʹˋʹˌ ˎʵˊˇ˂ˇʴʽˁʺˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ 

ʶˉʰ˄ʰ˒ˇˊʱˌ 

ɼʰˍʱ ˍʰ ʴ˄˖ˋˍʱ όɳʵʱ˒ʽˇ 4.1.3ύΣ ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ 

ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌΣ ʰˁˇ˂ˇˎʻʶʾ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ʴʽʰ ˍʹ ʴʷ˄ʶˋʹ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ˁʰʽ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ Ὧ ̱ˇˎ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇˎ ʵʶʾʴ˃ʰˍˇˌ όʅ˔ʷˋʹ (4.18)ύΣ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ 

Hurst ̱ ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄Φ  
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦф

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˃ʶ ʲʱˋʹ
ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ
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ɶ ˋ˔ʹ˃ʰˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ˃ʺˁˇˎˌ ὲ  ˖ˌ ˉˊˇˌ ˍˇ 

ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ ˁʰʻ˗ˌ ˁʰʽ ˍʹˌ ʶˁˍʾ˃ʹˋʹˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ 

Ὧ ˖ˌ ˉˊˇˌ ˍˇ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ὭȟὮΣ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst 

Ὄ πȢυυȟπȢφȟπȢχȟπȢψ ʆɻʅ πȢωΣ ʵʾʵʶˍʰʽ ˋˍʰ ʰˁˈ˂ˇˎʻʰ ˋ˔ʺ˃ʰˍʰ (ʅ˔ʺ˃ʰ пΦну ˁʰʽ ʅ˔ʺ˃ʰˍʰ 

пΦнфΣ пΦолΣ пΦомΣ пΦон ˁʰʽ пΦоо, ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ Ὧ ρπύΦ ʆʰ ʰ˄ˍʾˋˍˇʽ˔ʰ 

ˋ˔ʺ˃ʰˍʰ ʴʽʰ Ὧ ς ω ̄ ʰˊʰˍʾʻʶ˄ˍʰʽ ˋˍˇ ˉʰˊʱˊˍʹ˃ʰΦ 

 
ʅ˔ʺ˃ʰ 4.28: ɹˋˇʵˏ˄ʰ˃ˇ ˃ʺˁˇˌ ▪╪◊◄▫  ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌ  ⱬ  ɹ ʽʰ ˃ʺˁˇˌ 

ʵʶʾʴ˃ʰˍˇˌ  ▪  
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auto
 ʴʽʰ ˃ʺˁˇˌ ʵʶʾʴ˃ʰˍˇˌ ƴ Ґ рл π ɮ˄ʶ˂ʾ˅ʶʽˌ ɮˉ˂ʺˌ ʁ˃ˇʽˇʻʶˋʾʰˌ

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˖ˌ ˉˊˇˌ
ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ
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ʅ˔ʺ˃ʰ 4.29: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ  ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.30: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ˋˍʰʻ˃˗˄ ƪ Ґ млΣ ƴ Ґ рлΣ I Ґ лΦрр

 

 

ɳˁˍʾ˃ʹˋʹ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ˖ˌ ˉˊˇˌ
ˍʹ˄ ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ
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ʅ˔ʺ˃ʰ 4.31: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

 
ʅ˔ʺ˃ʰ 4.32Υ ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   
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ʅ˔ʺ˃ʰ 4.33: ɹˋˇʵˏ˄ʰ˃ˇˌ ʰˊʽʻ˃ˈˌ ʵʶʽʴ˃ʱˍ˖˄ ▓▄ ̟ ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ  ►░▒ 

˃ʶˍʰ˅ˏ ˍ˖˄ ˋˍʰʻ˃˗˄ ░ȟ▒Σ ʴʽʰ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ╗ Ȣ ˁ ʰʽ ɹ ʽʰ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ▓   

ɮˎ˅ʰ˄ˇ˃ʷ˄ˇˎ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ Hurst ˂ˇʽˉˈ˄Σ ˉʰˊʰˍʹˊʶʾˍʰʽ ˉ˖ˌ ʴʽ h ˃ʽˁˊˇˏˌ 

ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ ►░▒, ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ˋˍʰʻ˃˗˄ ▓▄, ʴʽʰ 

ˍʹ˄ ʾʵʽʰ ˍʽ˃ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌΣ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 

ʶˁˍʽ˃ʺˋʶʽˌ ˉˇˎ ˉˊˇʷˁˎ˕ʰ˄ ˁʰˍʱ ˍʹ ˋˍʰˍʽˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΣ ˍˈˋˇ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˔ˊˇ˄ʽˁʱ 

ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ό╗ ȢύΣ ˈˋˇ ˁʰʽ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˃ʶ ˃ˇˊ˒ʺ ʶ˅ʱˊˍʹˋʹˌ 

ˍˏˉˇˎ Markov. ɱʽʰ ►░▒ πȢυ  ʹ ˁʰˍʱˋˍʰˋʹ ʰ˄ˍʽˋˍˊʷ˒ʶˍʰʽ ˁʰʽ ˇʽ ʶˁˍʽ˃ʺˋʶʽˌ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ 

ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ ʶʾ˄ʰʽ ʴʶ˄ʽˁʱ ˃ʶʴʰ˂ˏˍʶˊʶˌ ʰˉˈ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʶˁˍʽ˃ʺˋʶʽˌ ˉʶˊʽˉˍ˗ˋʶ˖˄ 

˔ˊˇ˄ˇˋʶʽˊ˗˄ ˃ʹʵʶ˄ʽˁʺˌ ʰˎˍˇˋˎˋ˔ʷˍʽˋʹˌΦ 
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5 ʅˏʴˁˊʽˋʹ ʶˁˍʽ˃ʺˋʶ˖˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo ˁʰʽ ʰ˄ʰ˂ˎˍʽˁ˗˄ 

ˋ˔ʷˋʶ˖˄   

ʂˉ˖ˌ ˉˊˇʰ˄ʰ˒ʷˊʻʹˁʶΣ ʹ ʷˊʶˎ˄ʰ ˉˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˋˍʰ ˉ˂ʰʾˋʽʰ ʰˎˍʺˌ ˍʹˌ 

ʶˊʴʰˋʾʰˌ ʰ˒ˇˊʱ ˋˍʹ ʵˎ˄ʰˍˈˍʹˍʰ ʰ˅ʽˇˉˇʾʹˋʹˌ ˉˇ˂˂ʰˉ˂˗˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʴʽʰ 

ʲʶ˂ˍʾ˖ˋʹ ˍʹˌ ʰ˅ʽˇˉʽˋˍʾʰˌ ˍ˖˄ ʶˁˍʽ˃ʺˋʶ˖˄Φ ɱʽʰ ˍʹ ʵʽʶˊʶˏ˄ʹˋʹ ˍʹˌ ʵˎ˄ʰˍˈˍʹˍʰˌ ʰˎˍʺˌΣ 

ʶˉʶ˂ʷʴʹ ˖ˌ ˃ʶʻˇʵˇ˂ˇʴʾʰ ˉˊˇˋʷʴʴʽˋʹˌ ʹ ʵʽʶ˄ʷˊʴʶʽʰ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ Monte Carlo. ʍˋˍˈˋˇΣ 

ʴʽʰ ˍʽˌ ʵˏˇ ˉˊ˗ˍʶˌ ʶˁˍʽ˃ʺˋʶʽ̩* ˉˇˎ ʶ˅ʶˍʱˋˍʹˁʰ˄ ˎ˒ʾˋˍʰ˄ˍʰʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ʰ˄ʰ˂ˎˍʽˁʷˌ 

ˋ˔ʷˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ʰˉˇʵʾʵˇˎ˄ ˍˇ˄ ʽˋˇʵˏ˄ʰ˃ˇ ʰˊʽʻ˃ˈ ˋˍʰʻ˃˗˄ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍˇ 

ʶ˄ˇˉˇʽʹ˃ʷ˄ˇ ʵʶʾʴ˃ʰΣ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶˍʶˊˇˋˎˋ˔ʷˍʽˋʹˌ (YuleΣ мфпр ˁʰʽ 

Stedinger, 1983Σ ʰ˄ˍʾˋˍˇʽ˔ʰ - ɳʵʱ˒ʽˇ 2.3.1).  

ʅˎ˄ʶˉ˗ˌΣ ˋˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ˍ˖˄ ˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ʵʶʽʴ˃ʱˍ˖˄ ʶʾ˄ʰʽ 

ˉˊˇ˒ʰ˄ʷˌ ˉ˖ˌ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ ʷˊ˔ˇ˄ˍʰʽ ˋʶ ʰˉˈ˂ˎˍʹ 

ˋˎ˃˒˖˄ʾʰ ˃ʶ ʶˁʶʾ˄ʰ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ ʰ˄ʰ˂ˎˍʽˁ˗˄ ˋ˔ʷˋʶ˖˄Φ ʅʶ ʰ˄ˍʾʻʶˋʹ ˈ˃˖Σ̩ ˃ʶ ˍʽˌ ˁˇʽ˄ʷˌ 

ˍˎ˔ʰʾʶˌ ˋʶʽˊʷˌ ˂ʶˎˁˇˏ ʻˇˊˏʲˇˎΣ ˇʽ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶʽˊʷˌ ʷ˔ˇˎ˄ ʵˇ˃ʺΣ ʵʹ˂ʰʵʺ ˇʽ 

ʵʽʰʵˇ˔ʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ʶʾ˄ʰʽ ʶ˅ʰˊˍʹ˃ʷ˄ʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌΦ ɴ˄ʰˌ ʰˉˈ 

ˍˇˎˌ ʲʰˋʽˁˇˏˌ ˂ˇʽˉˈ˄ ˋˍˈ˔ˇˎˌ ʰˎˍʺˌ ˍʹˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˁʰʽ ʹ ˉˊˇˋˉʱʻʶʽʰ ˄ʰ ˂ʹ˒ʻʶʾ 

ˎˉˈ˕ʹ ˋˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌΣ ˇ ˋˍˇ˔ʰˋˍʽˁˈˌ ʰˎˍˈˌ ˔ʰˊʰˁˍʺˊʰˌ ˍ˖˄ ˎʵˊˇ˂ˇʴʽˁ˗˄ ˔ˊˇ˄ˇˋʶʽˊ˗˄Φ 

ɲʶʵˇ˃ʷ˄ˇˎ ˈˍʽ ˇʽ ʺʵʹ ˎˉʱˊ˔ˇˎˋʶˌ ʰ˄ʰ˂ˎˍʽˁʷˌ ˋ˔ʷˋʶʽˌ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˔ˊˇ˄ˇˋʶʽˊʷˌ 

˔ˊˇ˄ʽˁʱ ʰ˄ʶ˅ʱˊˍʹˍʶˌΣ ˋʶ ˉˊ˗ˍʹ ˒ʱˋʹ ʶˉʽ˔ʶʽˊʶʾˍʰʽ ˄ʰ ʶ˂ʶʴ˔ʻʶʾ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ʹ ʽˋ˔ˏˌ ˍ˖˄ 

ʶ˄ ˂ˈʴ˖ ˋ˔ʷˋʶ˖˄ ˁʰʽ ˋʶ ˉʶˊʽˉˍ˗ˋʶʽˌ ˔ˊˇ˄ˇˋʶʽˊ˗˄ ˔ˊˇ˄ʽˁʱ ʶ˅ʰˊˍʹ˃ʷ˄˖˄ ˁʰʽ ʶ˄ ˋˎ˄ʶ˔ʶʾʰ 

όɼʶ˒ʱ˂ʰʽˇ 6ύ ʴʾ˄ʶˍʰʽ ˉˊˇˋˉʱʻʶʽʰ ˉˊˇˋʰˊ˃ˇʴʺˌ ʰˎˍ˗˄Σ ˈˉˇˎ ʰˎˍˈ ˁˊʾ˄ʶˍʰʽ ʰˉʰˊʰʾˍʹˍˇΣ 

˗ˋˍʶ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ʶ˃˃ˇ˄ʺ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸʶʽ ˍʽˌ ˎʵˊˇ˂ˇʴʽˁʷˌ ˔ˊˇ˄ˇˋʶˊʷˌΦ 

ʃʰˊʱ˂˂ʹ˂ʰ, ʹ ʾʵʽʰ ˉˊˇˋʷʴʴʽˋʹ ʰˁˇ˂ˇˎʻʶʾˍʰʽ ˁʰʽ  ˋʶ ˈΣˍʽ ʰ˒ˇˊʱ ˋˍʹ˄ ʶˁˍʾ˃ʹˋʹ ˖ˌ ˉˊˇˌ ˍʹ˄ 

ʶ˃ˉʶʽˊʽˁʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ ˃ʶ ʲʱˋʹ ˍʽˌ ʶˁˍʽ˃ʺˋʶʽˌ ˃ʶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ɼˇˎˍˋˇʴʽʱ˄˄ʹ 

ˁΦʰΦ όнлмлύΣ ˇʽ ˉʰˊʰˍʹˊʺˋʶʽˌ ˍ˖˄ ˇˉˇʾ˖˄ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ˁʰʽ ʻʰ ʶˉʶˁˍʰʻˇˏ˄ ʴʽʰ ˍʽˌ 

ʰ˄ʱʴˁʶˌ ˍʹˌ ˉʰˊˇˏˋʰˌ ʶˊʴʰˋʾʰˌΦ  

ɱʽʰ ˁʱʻʶ ˃ˇ˄ˍʷ˂ˇ ˉˇˎ ʰ˄ʰˉˍˏ˔ʻʹˁʶ ʰˁˇ˂ˇˎʻʶʾ ˂ˇʽˉˈ˄Σ ˋˎʴˁˊʽˍʽˁʺ ˉʰˊˇˎˋʾʰˋʹ ˍ˖˄ 

ʰ˄ʰ˂ˎˍʽˁ˗˄ ʶˁˍʽ˃ʺˋʶ˖˄ ˍˇˎ ʽˋˇʵˏ˄ʰ˃ˇˎ ʰˊʽʻ˃ˇˏ ʵʶʽʴ˃ʱˍ˖˄ Ὧ ˁʰʽ ˍ˖˄ ʰ˄ˍʾˋˍˇʽ˔˖˄ 

                                                             
*
 ɳˁˍʾ˃ʹˋʹ ˃ʶ ʲʱˋʹ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ ˃ʷˋʹˌ ˍʽ˃ʺˌ ˁʰʽ ˍʹ ʵʽʰˋˉˇˊʱ ˍʹˌ ʶˁˍʽ˃ʺˍˊʽʰˌ ˍʹˌ 
ʵʶʽʴ˃ʰˍʽˁʺˌ ʵʽʰˋˉˇˊʱˌ 
























































































































































































































































































































