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Abstract 
The comparison of double informative priors which are assumed for the 

reliability function of Pareto type I distribution. To estimate the reliability 

function of Pareto type I distribution by using Bayes estimation, will be  used two 

different kind of information in the Bayes estimation; two different priors have 

been selected for the parameter of Pareto  type I distribution . Assuming 

distribution of three double prior’s chi- gamma squared distribution, gamma - 

erlang distribution, and erlang- exponential distribution as double priors. The 

results of the derivaties of these estimators under the squared error loss function 

with two different double priors. Using the simulation technique, to compare the 

performance for each estimator, several cases from pareto type I distribution for 

data generating, and for different samples sizes (small, medium, and large).  

It has been obtained from the simulation results the double prior distribution  of 

gamma-erlang distribution with  give a good estimation for reliability 

function when the true value for  for all .Also the 

double prior distribution chi- gamma square distribution with  give good 

estimation for reliability function when the true value 

 for all t. And the same thing for  

with the values of the parameters  and for all t except t=1.3. It has 

obtained a good estimation for reliability function ( ), when the double prior 

distribution is chi-gamma square distribution with  at the true value for 

 for all t. 

 

Key words: Pareto type I distribution, reliability function, bayes method, double 

prior distributions (chi-gamma square distribution. gamma- erlang distribution, 

erlang exponential distribution, the squared error loss function. 
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1. Introduction 
            The Pareto type I distribution is a member of continuous 

probability distributions. It has been introduced by Pareto in (1897). In addition 

to economics, its models is now being used in a wide range of fields in several 

different forms such as insurance, business, engineering, survival analysis, 

reliability and life testing. The Pareto type I distribution is studied as a lifetime 

testing experiments, the failure times of units placed on the test are not always 

observed by the experimenter. Some of studies mentioned in a brief manner: In 

(2003) Nadarajah and Kotzy [5] estimated the reliability function of several 

Pareto distributions and derived the corresponding forms. Regard the estimation 

of the reliability R = Pr(X2 < X1) when X1 and X2 are independent random 

variables belonging to the same univariate family of distributions .In (2006) 

Saleh[ 9]   estimated the reliability function of  Pareto type I by using bayes 

estimation, comparing it with different estimation methods and obtaining the 

results using simulation .In (2007) Howlader and other [4] used natural 

conjugate and minimal information priors for Bayesian estimation and 

prediction from Pareto type I distribution to obtain, compare the highest 

posterior density intervals for the parameter β and also for the associated 

reliability function. Also, they derived the highest posterior density intervals for 

a future observation. In (2010) Odat [6] estimated the reliability function on 

estimation of p (x > y) when x and y are two independent Pareto type I 

distribution, deriving the maximum likelihood and its asymptotical distribution 

for the reliability function. In (2014) Basim [2] estimated the reliability function 

of the Pareto type I distribution by using three methods includes maximum 

likelihood method, the first modification maximum likelihood method and 

method of moments. Using simulation to find the best method of estimation this 

function according to the smallest value of MSE. In (2014) Gazi and Rasheed [8] 

estimated the reliability function of the Pareto type I distribution under 

Generalized square error loss function in addition to Quadratic loss function, 

with informative and non-informative prior, assuming that the scale parameter 

(α) is known. They used Monte Carlo simulation to obtain the estimators and 

compared empirically according to the smallest value of the Integral mean 

squares error (IMSE). In (2015) Usta and Gezer [10] estimated the parameters 

and reliability function, hazard rate function and mean time system to failure, of 

Pareto-I distribution based on progressively type-II censored sample with 

random removals. They assumed that   the number of units removed at each 

failure time follows a binomial distribution. They used the maximum likelihood 

method to obtain the estimators of parameters and reliability characteristics 

functions of Pareto-I distribution. They obtained the results by using simulation 

and compared the performance of maximum likelihood estimates under 

progressively type-II censoring with the different random schemes. 
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The Aim of this paper is to obtain bayes Estimators for the reliability 

function of Pareto type I distribution under different double informative priors.  

A few studies present in double informative priors, mentioned above: Abdul Haq 

and Muhammad Aslam [1], they used double prior selection for discrete case in 

the case of Poisson distribution. Radha and Vekatesan (2015), they studied 

double prior selection for continuous case in the case of Maxwell distribution [7]. 

They assumed that generalized uniform-inverted Gamma distribution as double 

priors.  

Studying double prior selection for continuous case in the case of the 

Pareto type I distribution. Assuming that Chi-squared - Gamma distribution 

and- Gamma- Erlang distribution as double priors, to find best method to 

estimate the reliability function of Pareto type I distribution .According to the 

smallest value of Mean Square Errors (MSE) were calculated to compare the 

methods of estimation. Several cases from Pareto type I distribution for data 

generating, of different samples sizes (small, medium, and large). The results 

were obtained by using simulation technique. 
2. The Pareto Type I Distribution 

Let us consider is a random sample of n independent 

observations from a Pareto type I distribution having the probability density 

function (pdf) define as : 

) 1 (  ...                                                                      0θ,   0α , α       t,     
t

α θ
   ) αθ, ; t f(

1)θ (

θ 




 

Where  is scale parameter and is the shape parameter. So, the 

cumulative distribution function (cdf) is given as; 

) 2 (  ...                                                                          0θα,    ,  α      t,    )
t

α
 (-1  ) αθ, ; t F( θ 

       

Also, the Reliability function is 

) 3 (  ...                                                                                     0θα,    ,  α      t,    )
t

α
 (  ) t R( θ 

 

3. Bayes Estimation Method  
In this section, we used several methods to estimate Reliability function 

( ). Let be a random sample of size n with probability density 

function given in equation (1) and likelihood function from the Pareto type I pdf 

given in (1) will be as follows [3]: 

1)θ (-

i

 t
n

nθαnθ  
t

α θ
 

n
  ) θ ; t f(

n
 ) θL(t

1i1i1i

1)θ (

θ 







 

We can rewrite it as follow: 

http://en.wikipedia.org/wiki/Probability_density_function
http://en.wikipedia.org/wiki/Probability_density_function
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)tln1)(θ exp(-) ) α (ln   θn  ( expnθ   ) θL(t

)t
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1i

 

n

1i

 

i

 












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        In this paper the posterior distributions for the unknown parameter θ 

are derived using the following three types of double informative priors, here we 

have assumed  

1. Chi-squared – Gamma distribution.  

2. Gamma- Erlang distribution. 

3. Exponential - Erlang distribution. 

As double priors, and then get bayes estimation. 

3.1 The posterior distribution using different double priors 

It is assumed that θ  follows four types of prior distributions with pdf as given in 

table -1: 

 

Table -1: The four types of prior distributions ( ) θ (fi ) with pdf forθ . 

Prior distribution ,3 2 1,i ,    ) θ (f i  ,4 

θ ~ Chi-square ( v )  ....v    1,2, v,  0θfor       θ)
2

1 
exp(-   θ    )

2

1
(  

)
2

v
(

1 
 ) θ (f

1
2

v

2

v

 
1







  

θ ~Gamma (a, b ) 

  0b a,   , 0θfor                )  θ b exp(- 1aθ  
Γa

ab 
  ) θ (f   

2
  

θ ~Erlang ( λ )  0λ   , 0θfor                     )  θ  λ exp(- θ   λ ) θ (f   
2

3
  

θ ~ Exponential ( 1λ )  0λ   , 0θfor                     )  θ  λ exp(- λ ) θ (f 111
4

  

And their double prior's distributions with pdf as given in table -2: 
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Table -2: The three types of double prior distributions ( ) θ (Pi ) with pdf forθ . 

Prior distribution 32, 1,i ,    ) θ (Pi   

θ ~ Chi-square ( v ) -θ ~Gamma 

(a, b ) 

 ) θ (f    ) θ (f    α  ) θ (P
211

 

) ) b 
2

1 
( θ exp(-θ  ]  

Γa

ab 
 )

2

1
(  

)
2

v
(

1 
[ α ) θ (P 

2
2

v

2

v
a

1






 

θ ~Gamma (a, b ) -θ ~Erlang ( λ ) 

 

) θ (f    ) θ (f    α  ) θ (P
32

2
 

)  ) λ (b exp(-θθ  ] λ  
Γa

ab 
[ α   ) θ (P a2

2
  

θ ~Erlang ( λ ) -θ ~Exponential 

( 1λ ) 

 

) θ (f    ) θ (f    α  ) θ (P
433

)  ) λ (λ exp(-θ θ  ]λ   λ  [ α   ) θ (P 11

2

3
  

Then the posterior distribution of θ for the given the data ) t, ... ,t, t(t n21 is 

given by: 

) ...(5                                                      
)dθ θ P(   ) θL(t

θ

) θ P(   ) θL(t
    )t  θ P(                      


  

Substituting the equation (4) and for each as shown in table -2 in equation 

(5), we get the posterior distributions for the unknown parameter θ are derived 

using the following three types of double priors (for more details see Appendix-

A). 

 

Table -3: The posterior distributions ( t) \θ P( ) for the unknown parameter 

 (θ) are derived using the following three types of double priors. 

Double prior dist
n
. The posterior distribution (  )t  θ P( ) 

θ ~ Chi-square 

( v )- 

θ ~Gamma (a, b ) 

 



 

 

 

 

  

 

 

 

 

 

 

Journal of Economics and 

 Administrative Sciences 
6 

Comparison of Bayes' Estimators for the Pareto Type-I 
Reliability Function Under Different Double Informative 

Priors Functions 

Vol.25   No.113  2019 

 

 

θ ~Gamma (a, b )- 

θ ~Erlang ( λ ) 

 

 

θ ~Erlang ( λ ) -

θ ~Exponential 

( 1λ ) 

 

 

 

 

3.2 Bayes' Estimators 

       Bayes' estimators for Reliability function (R= R(t)), was considered with two 

different double priors and under the squared error loss 

function 2R)  - R(R)  , R  L(
^^

 . Where 
^

R  an estimator for R , was considered 

with two different double priors, and under the squared error loss function. The 

following is the derivation of these estimators: 

 

3.2.1 The squared error loss function  

To obtain the Bayes' estimator, we minimize the posterior expected loss given by:  

) 6 (  ...                                                                                                   R)  - R(R)  , R  L( 2
^^

  

After simplified steps, we get Bayes estimator of R(t)  denoted by ) t (R 
^

i for the 

above prior as follows 

7) (  ...                                                                     31,2,i     ,     dθ t) \θ (P R(t) ) t (R i

0

i

^

 


 

 So, the following results are the derivations of these estimators under the 

squared error loss function with three different double priors (for more details 

see Appendix-B). 
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Table -4: The estimators ( ) t (R 
^

i  ) under the squared error loss function  

With three different double priors. 

Double Prior 

distribution 
  31,2,i     ,     dθ t) θ (P R(t) (t)R i

0

                ^ 

i  


 

θ ~ Chi-square ( v )- 

θ ~Gamma (a, b ) 

0 va, b, n, α,  t,,                                                            

) 

b 
2

1 
)(t ln )  α (ln  1)(n 

i
tln

n

b 
2

1 
)  α (ln n  

i
tln

n

((t)R
1)

2

v
a(n

1i

1i
                ^ 

SE1













 

θ ~Gamma (a, b )- 

θ ~Erlang ( λ ) 

 

 0 λ a, b, n, α,  t,,                                                                 

 )

 λ   b(t)ln α) (ln  1)n (
i

tln
n

 λ   bα) (ln n  
i

tln
n

((t)R
1)a(n

1i

1i
                ^ 

SE2













 

θ ~Erlang ( λ ) -

θ ~Exponential ( 1λ ) 

 

 0 λ ,λ n, α,  t,,                                                                 

  

) 
1

λ λ(t)ln α) (ln  1)n (
i

tln
n

1i

(

 )
1
λ λα) (ln n  

i
tln

n
(

(t)R

1

                ^ 

SE3

)2(n

)2(n

1i















 

 

4. Simulation Study  
In this study, we have generated random samples from a Pareto type I 

distribution and compared the performance of bayes estimator based on them. 

So, we have considered several steps to perform simulation study as follow:    

1. We have chosen sample size n = 30, 60, 90 and 120 to represent small, 

moderate and large sample size. 

2. We generated data from a Pareto type I distribution for the scale parameter, 

according to the following cdf  θ)
t

α(-1    ) αθ, ; t F(   , by setting 

ii uF  where 1) , (0ndist. uniform~u i , we have 
θ) / (1-

)i i u-α(1t  .We have 

considered randomly several values for the shape parameter  of  Pareto type I 

distribution 2.5  1.5,  , .50θ   and the scale parameter 1.5 1,α   . 

3. We used randomly the values for the parameters of the Chi-square ( v )-

Gamma (a, b ) distribution (v= 1,3) and (a, b) = (3,2), (3,4) as double prior 

distribution forθ .   
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4. We used randomly the values for the parameters of the Gamma(a , b )-Erlang 

( λ ) distribution (a , b) = (3,2) ,(3,4)  and ( λ =4,6)  as double prior distribution 

forθ . 

5. We used randomly the values for the parameters of the Erlang ( λ ) - 

Exponential ( 1λ ) distribution ( λ =3, 4) and ( 1λ =0.5, 1) as double prior 

distribution forθ . 

6. The true ) t R(  is computed according to the formula (3) with 2.5  1.5,  , .50θ   

and the true t is 2.4 9,2.1,1.3,1.6,1.t  . 

7. The number of replication used was ( 1000r  ) for each sample size (n). 

 

We obtained estimators for reliability function ( R(t)), the estimators in the table-

4 in section  (3.2.1), it means the estimators ) t (R 
i

^

under the squared error loss 

function with three different double priors .The simulation program was written 

by using MATLAB-R2008a program .After the reliability function ( R(t)), was 

estimated, Mean Square Errors (MSE) was calculated to compare between the 

bayes estimators,  So we have the following criterion.As the following stepes: 

1. We generated data  it for each sample size, let n=30. 

2. Then computed 
i

tln
n

1i



. 

3. computed R(t)  according to the formula (3) at 1.3t   for L=1. 

4. computed ) t (R 
1

^

 according to the formula in table (4) at 1.3t   for L=1. 

5. Computed  2
    ^

)) t R(- ) t ( R ( L   for L=1. 

6. The number of replication used for ( 1000L  ) for each sample size (n=30). 

7. Then computed the ) ) t ( R MSE(
^

 according to the formula (8) as shown bellows. 

 

...(8)                                                                               )) t R(- ) t ( R (
L

1
) ) t ( R MSE(

2
    ^^

L

1000

1L






      See appendix-C for the programs algorithm .The results of the simulation 

study are summarized and tabulated in tables (4-1) - (4-9).In each row of tables 

(4-1) - (4-9) ,we  have  four  estimated values for R(t) ) t (R 
i

^

with MSE for all 

samples sizes (n) and values ( v , a , b, λ & 1λ ) respectively. By using bayes 

estimation method under the squared error loss function with three different 

double priors. So, our criterion is the best method that gives the smallest value of 

(MSE). We list the results in the following tables (4-1) - (4-9). 
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4-1: MSE of estimated Pareto type I reliability function using Bayes with respect to ) ) t (

^

 R MSE(   

when double prior distribution is (Chi-square (v) -Gamma (a, b)) distribution. 

 
Continue for Table 4-1 

4-2: MSE of estimated Pareto type I reliability function using Bayes with respect to ) ) t (

^

 R MSE(   

When double prior distribution is (Gamma (a, b) - Erlang ( λ )) distribution. 
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     Note: When double prior distribution is (Chi- square (v) –Gamma (a, b)) dist

n
., at t=1.3, we 

obtained  

un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 

Continue for Table 4-2 

 
  Note: When double prior distribution is ((Gamma (a, b) - Erlang ( λ )) distn., at t=1.3, we 

obtained  
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   un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 

4-3: MSE of estimated Pareto type I reliability function using Bayes with respect to ) ) t (

^

 R MSE(   

when double prior distribution is (Erlang ( λ )-Exponential ( 1λ )) distribution. 

 
Continue for Table 4-3 

4-4: MSE of estimated Pareto type I reliability function using Bayes with respect to ) ) t (

^

 R MSE(   

when double prior distribution is (Chi-square(v) -Gamma (a, b)) distribution. 
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      Note: When double prior distribution is (Erlang ( λ )-Exponential ( 1λ )) dist

n
., at t=1.3, we 

obtained  

  un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 

Continue for Table 4-4 
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      Note: When double prior distribution is (Chi- square (v) –Gamma (a, b)) dist

n
., at t=1.3, we 

obtained  

un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 
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4-5: MSE of estimated Pareto type I reliability function using Bayes with respect to  )) t (

^

 R MSE(   

when double prior distribution is (Gamma (a, b) - Erlang ( λ )) distribution. 

 

 
Continue for Table 4-5 

 

 
      Note: When double prior distribution is ((Gamma (a, b) - Erlang ( λ ))dist

n
., at t=1.3, we 

obtained  
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un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 

4-6: MSE of estimated Pareto type I reliability function using Bayes with respect to  )) t (

^

 R MSE(   

when double prior distribution is (Erlang ( λ )-Exponential ( 1λ )) distribution. 

 
Continue for Table 4-6 
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        Note: When double prior distribution is (Erlang ( λ )-Exponential ( 1λ ))dist

n
., at t=1.3, we 

obtained  

un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 
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4-7: MSE of estimated Pareto type I reliability function using Bayes with respect to  )) t (

^

 R MSE(   

when double prior distribution is (Chi-square(v) -Gamma (a, b)) distribution. 

 
Continue for Table 4-7 



 

 

 

 

  

 

 

 

 

 

 

Journal of Economics and 

 Administrative Sciences 
08 

Comparison of Bayes' Estimators for the Pareto Type-I 
Reliability Function Under Different Double Informative 

Priors Functions 

Vol.25   No.113  2019 

 

 
      Note: When double prior distribution is (Chi- square (v) –Gamma (a, b)) dist

n
., at t=1.3, we 

obtained  

 un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 
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4-8: MSE of estimated Pareto type I reliability function using Bayes with respect to  )) t (

^

 R MSE(   

when double prior distribution is (Gamma (a, b) - Erlang ( λ )) distribution. 
 

 
Continue for Table 4-8 
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      Note: When double prior distribution is ((Gamma (a, b) - Erlang ( λ ))dist

n
., at t=1.3, we 

obtained  

un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 
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4-9: MSE of estimated Pareto type I reliability function using Bayes with respect to  )) t (

^

 R MSE(   

when double prior distribution is (Erlang ( λ )-Exponential ( 1λ )) distribution. 

 

 
Continue for Table 4-9 
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     Note: When double prior distribution is (Erlang ( λ )-Exponential ( 1λ )) dist

n
., at t=1.3, we 

obtained  

  un suitable value for  ) t R(  & ) t  ( R 
^

, which is more than one. So, we put dash (-). 

 

5. Discussion 
In general, as we see in the tables (4-1to 4-9) by using different estimation 

methods, we find the Mean Square Errors (MSE) is decreased when sample size 

increased in all cases. That means the estimation of get better for the large 

sample sizes. We obtained a good estimation according to the smallest values of 

MSE for all samples sizes (n) comparative to the other estimated values for MSE.  

As we see in table (4-1), when the true value for  and the double 

prior distribution for  is Chi-square( )-Gamma(a, ) distribution with ( v=1, 

a=3,b=4) for all t=1.3,1.6,1.9,2.1,2.4 .  And the same thing for and 

for all t except t=1.3. 
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And in table (4-2), when the true value for  and the double prior 

distribution for  is Gamma(a, )-Erlang ( ) distribution with (a=3, b=2, ) 

for all t. The same thing for and for all t except t=1.3. 

In table (4-3), when the true value for  and the double prior 

distribution for  is Erlang ( ) - Exponential ( ) distribution with  

( , ) for all t. The same thing for and for all t except 

t=1.3. 

In table (4-4), when the true value for  and the double prior 

distribution for  is Chi-square( )-Gamma(a, ) distribution with (v=1, a=3, 

b=2) for all t. The same thing for  with (v=3, a=3, b=4) and for all 

t except t=1.3. 

In table (4-5), when the true value for  and the double prior 

distribution for  is Gamma(a, )-Erlang ( ) distribution with (a=3, b=2, ) 

for all t. The same thing for and for all t except t=1.3. 

And in table (4-6), when the true value for  and the double prior 

distribution for  is Erlang( ) - Exponential ( ) distribution with  

( , ) for all t. The same thing for and for all t except 

t=1.3. 

In table (4-7), when the true value for  and the double prior 

distribution for  is Chi-square( )-Gamma(a, ) distribution with (v=3, a=3, 

b=2) for all t. The same thing for  with (v=1, a=3, b=2) and for all 

t except t=1.3. 

In table (4-8), when the true value for  and the double prior 

distribution for  is Gamma(a, )-Erlang ( ) distribution with (a=3, b=2, ) 

for all t. The same thing for and for all t except t=1.3. 

And  in table (4-9), when the true value for  and the double prior 

distribution for  is Erlang ( ) - Exponential ( ) distribution with  

( , ) for all t. The same thing for and for all t except 

t=1.3. 

See the summarized and tabulated the above discussion in table (5-1)- (5-3) in 

Appendix-D. 
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6. Conclusion 

When we compared the estimated values for Reliability function for 

the parameter of the Pareto type I distribution by using the methods in this study 

.We find that Mean Square Errors (MSE) is decreased when sample size 

increased in all cases, and the MSE is increased in all samples sizes (n) when the 

true value of  increased .The best method is the bayes estimation according to 

the smallest values of MSE for all sample sizes (n), comparative to the other 

estimated values for MSE. 

As we see in table (6-1), when the true value for  and the double 

prior distribution for  is Gamma(a, )-Erlang ( ) distribution with (a=3, 

b=2, ) for all t=1.3,1.6,1.9,2.1,2.4 .  And the same thing for 

and for all t except t=1.3. 

In table (6-1), when the true value for  and the double prior 

distribution for  is Chi-square ( )-Gamma (a, ) distribution with (v=1, a=3, 

b=2) for all t. And the same thing for  with (v =3, a=3, b=4) and 

for all t except t=1.3. 

And in table (6-1), when the true value for  and the double prior 

distribution for  is Chi-square( )-Gamma(a, ) distribution with (v=3, a=3, 

b=2) for all t. And the same thing for  with (v=1, a=3, b=2) and 

for all t except t=1.3. 

See the summary of conclusion for in table (6-1) in Appendix-D. 
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Appendix-A: The posterior distribution by using different double Priors. 
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Appendix-B  

     The following is the derivation of these estimators under the squared error loss function. 
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Appendix-C: The following is the program algorithm. 

Algorithm (1): To compute Bayes estimators (
                ^ 

SE1(t)R  ) using the Chi-square ( v )-Gamma 

(a, b )a double prior distribution for θ  with MSE for
                ^ 

SE1(t)R . 

 
Note: we can reformulate the Algorithm (1) to compute Bayes estimators 

2,3k,(t)R
                ^ 

SE1   under using other distributions as double prior distribution for θ  

with MSE for 2,3i ,(t)R
                   ^ 

SEi  . 
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Appendix-D The summarized and tabulated discussions and conclusions. 

5-1 Best Estimation according to the smallest value for )) t (

^

 R MSE(   
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5-2 Best Estimation according to the smallest value for )) t (

^

 R MSE(  
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5-3 Best Estimation according to the smallest value for )) t (

^

 R MSE(   
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6-1: the summary of conclusions for ) )t  (R  MSE(

^

. 
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 من النوع الاول باشتعنال  مقارنة مقدرات بيس لدالة المعولية لتوزيع باريتو

 تلفةمخ معلوماتية مضاعفةدوال 
 

 بغداد /الكلية التقهية الادارية  /د. جهان عباس ناصر العبيدي أ.م.

 
 

 الخلاصة 

بالاعخًاد عهى اسهوب يٍ انُوع الاول  دانت انًعونٍت  نخوسٌع بارٌخوفً هذا انبحث , َقذو يقارَت نخقذٌز       

, بارٌخو يٍ انُوع الاول نخوسٌع θ) (فقذ اسخعًهج انذوال يعهوياحٍت يضاعفت انخً حفخزض نًعهًت انشكم  بٍش

اسخخذيُا َوعٍٍ يخخهفٍٍ يٍ  بٍش باسخعًال حقذٌزيٍ انُوع الاول  دانت انًعونٍت  نخوسٌع بارٌخونخقذٌز 

 بارٌخونخوسٌع θ) (انشكم انًعهوياث فً طزٌقت حقذٌز بٍش, اخخٍزث َوعٍٍ يخخهفٍٍ يٍ انذوال الاونٍت نًعهًت 

كذوال الاسً  -ارنُك وحوسٌع   ,ارنُك –كايا  , وحوسٌع كايا –يزبع كاي   .هُا افخزضُا حوسٌعيٍ انُوع الاول

يعهوياحٍت يضاعفه, َخائج الاشخقاقاث نخهك انًقذراث باسخعًال دانت انخسارة انخزبٍعٍت يع ثلاثت دوال  

انشكم اء كم يقذر, بافخزاض عذة حالاث نًعهًت يعهوياحٍت يضاعفه. اسخعًم اسهوب انًحاكاة فً يقارَت اد

) (θ اسخعًهج نخونٍذ انبٍاَاث ولاحجاو يخخهفت يٍ انعٍُاث ) صغٍزة , يخوسطت  يٍ انُوع الاول نخوسٌع بارٌخو

 , كبٍزة (. 

 ,λ)b,(aبانًعهًاثارنُك  –كايا  حوسٌع  انخوسٌع الاونً انًضاعفٍ َخائج انًحاكاة باٌ اسخحصهُا ي       

θ1.5,&1(α(0.5عُذيا حكوٌ انقًٍت انحقٍقٍت نـ (R(t)) ٌعطً حقذٌز جٍذ نذانت انًعونٍت    نكم قٍىt .

ٌعطً حقذٌز جٍذ نذانت  ,b)a,(vكايا بانًعهًاث  –يزبع كاي  حوسٌع  وكذنك انخوسٌع الاونً انًضاعف

θ1.5,(α& 1.5)θ1,(α(2.5 عُذيا حكوٌ انقًٍت انحقٍقٍت نـ(R(t))انًعونٍت   نكم قٍىt وانشئ .

θ1.5,(α(1.5َفسه نـ    بقٍى انًعهًاثb)a,(v,  ونكم قٍىt  عذاt=1.3 واسخحصهُا عهى حقذٌز جٍذ .

عُذ ,b)a,(vكايا بانًعهًاث –يزبع كاي  حوسٌع  عُذيا كاٌ انخوسٌع الاونً انًضاعف(R(t))ت  نذانت انًعونٍ

θ1,(α(2.5انقًٍت انحقٍقت نـ    ونكم قٍىt. 

   

,انذوال طزٌقت بٍش بارٌخو يٍ انُوع الاول , دانت انًعونٍت ,: حوسٌع  المصطلحات الرئيصة للبحث

, دانت  الاسً  -ارنُك , انخوسٌعارنُك  -كايا    كايا, , حوسٌع -انًعهوياحٍت انًضاعفت : حوسٌع يزبع كاي

 انخسارة انخزبٍعٍت.

       

 

  
 

 


