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UZAY-
 

 

Son , integral denklemler, diferansiyel 
kesirli diferansiyel denklemler ve bu  sahip olan denklem sistemleri bilimin bir 

n  b y k ilgi g
denklemler, sinyal i leme, dinamik sistemlerin kontrol teorisi, elektrik a

, finansal piyasa ve kuantum mekani i, b l nme ve 
reaksiyon s re leri gibi m hendislik ve bilimin bir  re leri 
modellemek i  

. Bu nedenle, bir ok ara  
  yeni integral 

sarfetmektedirler.  

-  
   

.  

-  etmek 
ve 

. Daha 
.  

ve Daftardar-Gejji ve Jafari 
Kesirli ARA Daftardar-  (IAM) veril . Daha sonra 

IAM ile edile .  

  lerine  

Anahtar Kelimeler: Daftardar-Gejji ve Jafari Y , 
 

.  
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ANALYSIS OF SOLUTIONS TO SPACE-TIME FRACTIONAL DIFFERENTIAL 
EQUATIONS 

ABSTRACT 

In recent years, integral equations, differential equations, partial differential equations, 
fractional differential equations and equation systems with these structures have attracted 
great attention by scientists working in many branches of science. Equations with these 
structures are used to model events and processes in many fields of engineering and 
science, such as signal processing, control theory of dynamical systems, electrical 
networks, system description, probability and statistics, financial market and quantum 
mechanics, diffusion and reaction processes. Integral transformations play an effective 
role in solving equations with these structures. Therefore, many researchers make great 
efforts to find new integral transformations and improve existing ones to obtain solutions 
of classical and fractional partial differential equations. 

The work of this  Solutions of Space-Time Fractional 
 

In the first chapter, fractional analysis, history and definitions of some important integral 
transformations are given, and then important properties and theorems about Shehu 
Integral Transform and ARA integral transformation, used in this study, are given. 

In the second part, the Fractional Shehu Variational Iteration Method (SVIM), which is 
formed by the combination of the Shehu Integral Transform and the Variational Iteration 
Method, to obtain the solutions of the space-time fractional initial value problems is 
given. Then, the convergence analysis of the solutions obtained with SVIM is made and 
elucidative examples are presented. 

In the third chapter, the Fractional ARA Daftardar-Gejji and Jafari Method (IAM), which 
is formed by the combination of ARA Integral Transform and Daftardar-Gejji and Jafari 
Methods, to establish the solutions of time fractional initial value problems is given. Then, 
the convergence analysis of the solutions obtained with IAM is made and illustrative 
examples are presented. 

In the last part, the results and suggestions of this research are given. 

Keywords: ARA Integral Transform, Daftardar-Gejji and Jafari Method, Fractional 
Initial Value Problem, Shehu Integral Transform, Variational Iteration Method. 
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1.  

Son , kesirli  

nedeniyle bilim  mektedir. K

enklemler

)

kesirli analiz modellenebilir

diferansiyel denklemlerle modellenebilir Modanli, 

2019). Son   

 modellen  

 , bilim ve teknolojinin 

f analiz 

kesirli diferansiyel denklemleri 

iterasyon  (Wazwaz, 2014)  

(HAM) (Liao, 2012) 

2018)  

kesirli  

   Imran, 2020; Aleem 

Asjad, 2019)

 (Al

Cole, 1933)

kesirli  (Glockle ve Nonnenmacher, 

(Liao, 2012)  (Arkhincheev, 

1993; Krishna, 2011)  (Li ve Sun, 2011; Saadatmandi ve 
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Dehghan, 2010 )  (Lepik, 

2009)  , homotopi 

(Zhang ve Juan, 2014), Laplace Adomian 

 (Khan ve Wu, 2011) ve kesirli varyasyonel iterasyon 

 (Sweilam, 2007)   

 

in Hardy, Littlewood, Riemann-

Liouville, Liouville-Caputo, -Letnikov, Jumarie, Hadamard vb. olarak 

  Riemann-Liouville ve 

Liouville-Caputo  

Uzun zam

(Spiegel, 1965; 

2013; Weerakoon, 1997; 

 2020)

n  

  

 

. 

Burada  l 

,  

 

uzan mlerin ve 

 (Butzer ve Jansche, 1997; Makarov, 1970; 

Elzaki, 2011; Maitama 

ve Zhao, 2019;   ). 

 



3 
 

           (1.1) 

. Denklem (1.1)    ilir ve Denklem  

(1.1)   

   

 

,  ise  

. 

 Shehu integral  (Maitama ve Zhao, 2019), 

z-   (Sullivan, 1996), Laplace-  (Makarov, 1970) ve Hankel 

 998) gibi yeni integral ni . 

verildi 

(Watugala, 1993). 

uygulanabilirli  ildi ve  de . 

dir: 

, .   

2008'de  (Natural)  verildi (Khan ve Khan, 2008): 

, .   

verildi (Elzaki, 2011):  

.   
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Son 

kesirli ya da klasik  HAM, HPM ve 

HPTM gibi   .  

1.1. Temel  ve ikler 

Bu 

  

.1.1.   (Podlubny, 

1999):  

. 

Gama fonksiyonu : 

i) , 

ii) ,  

iii)  

   

fonksiyonunun Riemann-  (Podlunny, 

1999): 

.  

3. Her   ve   

fonksiyonunun . mertebeden Liouville-

 (Podlunny, 1999): 

. 

 - adi  

4.   fonksiyonunun  mertebeden Liouville-

 (Podlunny, 1999): 
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5. -  

 

 ve  ise   

, .           (1.2) 

olmakta 1.2)  de  ,  elde edilir.  

 fonksiyonunun . mertebeden Liouville-  

, ,  

(Podlunny, 1999). Daha fazla bilgi  (Shukla ve Prajapati, 2007) 

referans  

1.1.1. r  

 

1.1.1.1.  

  

      

 (Maitama ve Zhao, 2019).  
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(Maitama ve Zhao, 2019). 

 fonksiyonunun Shehu integral  

     

.  

  ifadesinin ters Shehu integral  

,       

(Maitama ve Zhao, 2019). 

 fonksiyonunun . mertebeden Liouville-

  

,  

eklindedir . 

1.1.2. r  

1.1.2.1.    . mertebeden ARA integral 

 : 

 

1.1.2.2.  ,  mertebeden 

 : 

. 
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: 

 1.1.2.1. Mittag-

 : 

 

                                      

                                      

                                      

                                      

  

  

                                     

                                     

elde edilir. 

 1.1.2.2.   
 : 

  

                    

                    



8 
 

                    

                    

 1.1.2.3.  ve  
 : 

  

 ve  ,   

  

elde edilir.  

Teorem 1.1.2.1. (Riemann-  

 fonksiyonunun  Riemann-

 ise  -Liouville kesirli 

 . 

pat: Riemann-  

 

elde edilir.  Riemann-

hesaplanabilir.  

. 

 ifadesinin  

Teorem 1.1.2.2. (  -

 



9 
 

 fonksiyonunun  Riemann-

 ise,  -Liouville kesirli 

  

  

 . 

:   

 

ifadesi   ile  

 

 

  

       

        

elde edilir. 

Teorem 1.1.2.3. (Liouville-  

 fonksiyonunun .mertebeden  Liouville-

, . mertebeden  ve 

 ise  -  

.  

: Liouville-  
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, 

 Liouville-

hesaplanabilirdir. 

 

. 

 ifadesinin  

Teorem 1.1.2.4. (  -

var  

 fonksiyonunun .mertebeden  Liouville-

  ise  

ve  -

gibidir :  

. 

:  -  

  

r.   

  

elde edilir.   

  

elde edilir. 
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2.  

- -

 

       (2.1) 

.            (2.2) 

Burada  ,  ve  

kaynak fonksiyonunu temsil etmektedir.  

Denklem (2.1)  

 

           (2.3) 

elde edilir. Denklem (2.3) e  

      (2.4) 

elde edilir. Burada 

,  

(2.4)   

. 

elde edilir  iterasyon  VIM ile elde edilir: 
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. 

Alternatif olarak 

  

 varsa    

 . 

2.1.  

uzay-  (3)-(4)  n  

 

  

             (2.5) 

 

.           (2.6) 

 

Teorem 2.1.1.  (2.5)  de verilen  

 olsun. Her  

   

 2.6)  da  (Odibat, 2010). 
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Banach sabit nokta teoreminden elde edilen Teorem 2.1.

 

Teorem 2.1.2. 2.6 a uzay-zaman kesirli 

 (2.1)-(2.2)

garanti eder (Odibat, 2010). 

Teorem 2.1.3. 2.6) da verilen  ,  

   

 

. 

Her   

 

fonksiyonu   (2.6)  da yer alan  serisi 

  

 

. 

2.2. Kesirli  

2.2.1.  

,  ,  ,  ,       (2.7) 

.             (2.8) 

Denklem (2.7 ye  

         (2.9) 

elde edilir. Denklem (2.9) a  
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         (2.10) 

elde edilir. Denklem (2.10) un  i  

 

        (2.11) 

elde edilir. Denklem (2.11)  e  

  

 

,  

, 

, 

, 

  

lde edilir.  uzay zaman kesirli 

 (2.7)-(2.8 in . dereceden  

,         (2.12) 

eklinde elde edilir. (2.12) Problem (2.7)-(2.8 in 

 

 . 

Tablo 2. 2. ,   , e 

 -zaman kesirli 
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ili 

 2.  ve  

2.  ve 

 3 boyutlu  

.2.2 

 

,  ,  ,  

             (2.13) 

.          (2.14) 

Denklem (2.13 e  

    (2.15) 

elde edilir. Denklem (2.15)   

    (2.16) 

elde edilir. Denklem (2.16)  n   

 

    (2.17) 

elde edilir. Denklem (2.17)  ye  

.  
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, 

, 

, 

, 

, 

  

lde edilir.  uzay zaman kesirli 

 (2.13)-(2.14 n . dereceden  

       (2.18) 

eklinde olur. (2.18) 

problemi (2.13)-(2.14  (Choudhary ve Daftardar-

Gejji, 2017): 

.  

Tablo 2.2 2. analizinden,  , e 

 -zaman kesirli 

 ebilir 2.  ve  

2.  ve 

  3 boyutlu  

iki 

 ya da 
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uzay-

 

 ve  
 

t x  

 

 

 

 

 

 

      

0,2 -5 -0,0728794142905183 -0,0556900475433218 0,00822974704902003 0,00822974704902003 

 0 0,464049675672513 0,865372126175867 1,22140275816017 1,22140275816017 
 5 272,995384456584 235,378704685654 181,272241875151 181,272241875151 
0,4 -5 -0,102568289434788 -0,0717844261439092 0,0100518357446336 0,0100518357446336 
 0 0,653089516564494 1,11546396921542 1,49182469764127 1,49182469764127 
 5 384,205469814638 303,402959554171 221,406416204187 221,406416204187 
0,6 -5 -0,140869106433447 -0,0919274211102744 0,0122773399030684 0,0122773399030684 
 0 0,896964716156101 1,42846758746576 1,82211880039051 1,82211880039051 
 5 527,674601164535 388,539034541079 270,426407426153 270,426407426153 
0,8 -5 -0,190052579642384 -0,117094221086887 0,0149955768204777 0,0149955768204777 
 0 1,21013373669836 1,81953651567707 2,22554092849247 2,22554092849247 
 5 711,908534824601 494,908647082167 330,299559909649 330,299559909649 
1 -5 -0,252961550186961 -0,148489952829492 0,0183156388887342 0,0183156388887342 
 0 1,61069797918433 2,30739731539736 2,71828182845905 2,71828182845905 
 5 947,556128411521 627,605367523717 403,428793492735 403,428793492735 

 

Tablo 2.2. .2.2  ve  
 

t x  

 

 

 

 

 

 

      

0,2 -5 2,97723189881641 2,95468850942983 3,00924465929121 3,00924465929121 

 0 3,14497276182554 3,70409889494893 4,37202909023507 4,37202909023507 
 5 88,2859013271367 194,512854240003 206,627171662420 206,627171662420 
0,4 -5 3,01929874786381 2,98503015564532 3,00507357659074 3,00507357659074 
 0 2,87711786964444 3,23261761498140 3,75298552978051 3,75298552978051 
 5 -69,2902227453216 66,2713155938424 114,752961233252 114,752961233252 
0,6 -5 3,03346340884022 2,99928895133517 3,00278443786961 3,00278443786961 
 0 2,78692633344582 3,01104904237009 3,41324722055397 3,41324722055397 
 5 -122,348923979388 6,00530743066654 64,3313254927734 64,3313254927734 
0,8 -5 3,03543594562253 3,00548196320081 3,00152813190282 3,00152813190282 
 0 2,77436647600195 2,91481533308062 3,22679488322353 3,22679488322353 
 5 -129,737751709177 -20,1699819673740 36,6593450875042 36,6593450875042 
1 -5 3,03265269180591 3,00773966021300 3,00083865656976 3,00083865656976 
 0 2,79208846297849 2,87973279769261 3,12446767091966 3,12446767091966 
 5 -119,312099237844 -29,7123296891665 21,4726402473266 21,4726402473266 
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  ve  
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2.3. 2.2.2 ,   ve   dereceden 
   

 

 

2.4. 2.2.2 ,   dereceden 
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3. - VE  

  uygula  

 

,          (3.1) 

,  .         (3.2) 

Burada ,   olup , ,  ve  

fonksiyonunu 

 

fonksiyonunun, T  1.1.2.1  . mertebeden 

  ,  

  

 

 Denklem (3.1) e ARA integral 

 

 

               (3.3) 

elde edilir. Denklem (3.3) e t  

  

               (3.4) 

 



21 
 

              (3.5) 

r.   

,            (3.6) 

  

.       (3.7) 

. (3.5), (3.6) ve (3.7) , Denklem (3.4)   

  

 . 

elde edilir. Buradan iterasyon  

, 

, 

  

,  .      (3.8) 

Son olarak  terimli  

    

 

3.1. Kesirli ARA Daftardar-   

Teorem 3.1.1  her   
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,      (3.9) 

ya da  

 

 (3.1)-(3.2) 

probleminin (3.5) 

2021). 

:   

olsun. Problem (3.1)-(3.2)

 mi toplamlar dizisinin  

 

 

 Buradan,   E sizlik (3.9) 

 

  

elde edilir.   . Buradan da 
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elde edilir.  

  

elde edilir   

, Problem (3.1)-(3.2)  (3.5) formunda verilen seri 

 

3.2. Kesirli ARA Daftardar-Gejji v   

  

 .  

3.2.1. -

 

,         (3.10) 

.               (3.11) 

Burada . Denklem (3.10)

(3.11) b  

      (3.12) 

elde edilir. Denklem (3.12)  y  

       (3.13) 

elde edilir. (3.5)-(3.7) , Denklem (3.13) (3.8) ifadesi 
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, 

  

       

     , 

  

       

       

     , 

, 

      

      , 

  

  

problemin  terimli  

    (3.14) 

 (3.14) ifadesinde   



25 
 

  

tam elde edilir.     

  

elde edilir 2011).  

3.2.2. -  olarak 

bilinen modeli  

,         (3.15) 

.         (3.16) 

Burada . Denklem (3.15)

 (3.16) b   

       (3.17) 

elde edilir. Denklem (3.17) y  

      (3.18) 

elde edilir. (3.5)-(3.7) , Denklem (3.18) e yerine konursa ve (3.8) ifadesi  

 

, 

, 

, 

, 
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problemin  terimli  

     (3.19) 

 (3.19) ifadesinde   

  

tam  elde edilir.     (Roul, 2010) 

. 

elde edilir. 

3.2.3. -  olarak 

bilinen modeli  

,        (3.20) 

.          (3.21) 

Burada  Denklem (3.20) ye ARA 

(3.21) b   

      (3.22) 

elde edilir. Denklem (3.22)  ye  

       (3.23) 

elde edilir. (3.5)-(3.7) , Denklem (3.23)  de yerine konursa ve (3.8) ifadesi 

 

, 
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, 

, 

, 

  

 

problemin  terimli  

   (3.24) 

 (3.24) ifadesinde   

 

tam  elde edilir.   

  

elde edilir .  

Tablo 3.1, 3.2 ve 3.2  de, 

.1-3.6 

 

 

aki  -Gejji ve 

-zaman kesirli 

tam 
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desteklemektedir. 

Tablo 3.1.   MATLAB 
 

  
  

 2.509104035652854  
 1.298636198576730  
 5,04943808987690  
 6.802539864736446  
 5.127268321025724  

 
Tablo 3.2.   MATLAB 

 
  

  
 2,50771625687207  
 1.298622320788923  
 5.049211049268365  
 6.801572194348182  
 5.125487789747751  

 
Tablo 3.3.  MATLAB 

 
  

 ,  
 2.771116669464391  
 7.930767154107343  
 2,27200946945061  
 2.537049281770010  
 1.690687270183844  
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3.1. ,  ve  
 

 

 

3.2. ,  ve  
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3.3. ,  ve  
 

 

 

3.4.  ve  
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3.5. 3.2.  , ,   ve  
 MATLAB  2 boyutlu grafikleri 

 

 

3.6. 3.2. , ,  ve  
  3 boyutlu grafikleri 
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4.  

Liouville- -

bulmak 

 hu 

 

tablolar ve  ,  

 -zaman 

dir.  

Riemann-Liouville kesirli integralinin ve Liouville-Caputo 

 

-Caputo zaman-kesirli biyolojik 

 

Daftardar- -Gejji ve Jafari 

 tablolar ve ekiller 

  ,  

 ir. 

IAM etkili ve uygulabilir bir 

 

fiziksel 

, 

 ve    

birlikte   sonucu 
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