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Abstract 

New Iterative Method (NIM) is an emerged analytical tool for solving 

Fractional Partial Differential Equations FPDEs, due to its simple structure 

and ability to handle complex terms. However, the method's limitations in 

synthesizing solutions with high accuracy have prompted the need for 

methodological improvements that enhance its flexibility and efficiency. In 

response to this need, this thesis proposes a new development of the NIM, 

known as the α-Parameter New Iterative Method (α-PNIM). This 

modification improves the accuracy of approximate solutions by adjusting 

the expansion location to suit the characteristics of the problem being 

solved. The Black-Winged Kite Algorithm (BKA) was adopted as an 

optimization tool to search for the optimal value of the 󏿿 parameter, due to 

its ability to reach optimal solutions in large and complex search spaces. 

Therefore, the proposed method does not rely on random selection or 

estimation, but rather integrates intelligent BKA to fine-tune performance. 

The concept of Fuzzy Logic was also applied to some parameters using 

a Triangular Fuzzy Number (TFN), which is based on the q-cut, to 

represent problems involving a degree of uncertainty or ambiguity. This 

resulted in fuzzy fractional partial differential equations, which are 

complex models that require accurate and flexible solutions. 

A FitNet neural network was also used to build a model that provides an 

approximate solution to FPDEs, leveraging its structure to obtain an 

approximate solution to the equation being solved. The model was trained 

on extended data representing different values of the variables 򟿿 and 񯿿. The 

results showed that this step contributed to significantly increasing the 

efficiency of the method, particularly with regard to reducing the Mean 

Square Error (MSE) and Error Reminder (ER). By developing the α-PNIM 

and integrating it with intelligent optimization algorithms, artificial 

intelligence techniques, and fuzzy logic, this thesis contributes to providing 



 
 

an integrated mathematical framework for solving complex problems 

associated with fractional-degree partial differential equations. 

This study was validated on six examples of F-FPDEs. The results 

showed that the proposed method provides highly accurate approximate 

solutions with a significant reduction in error compared to other analytical 

methods. The effects of the fuzzing parameter 𿿿, the method tuning 

parameter 󏿿, the time variable 񯿿, and the fractional order � were also 

examined. The results showed that optimal tuning of 󏿿 in conjunction with 

𿿿 enhances the convergence speed and reduces errors, while changes in � 

and 񯿿 affect both the rate and accuracy of stabilization of the solutions. A 

significant correlation was also observed between 𿿿 and 󏿿, with balanced 

values of these two parameters improving the quality of the solution, 

particularly in representing the time and fractional behavior of the studied 

systems. 

All stages of this work were implemented by using an ASUS Vivobook 

computer, and several specialized programs were relied upon, including the  

MAPLE Program Version 2023 for solving differential equations using      

α-PNIM, and the MATLAB Program Version 2023 for BKA calculations 

and neural network data analysis. 
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ϊϣ تϧϘنΕΎ  تحγنϥ اρϟرنΔϘ اϟتϛرارنΔ اϟجدندة
 ϲϋΎϧρλϻا �Ύϛءϟا  ΔلزنΎϔتϟا ΕϻدΎόϣϟحع اϟ

Δرنγϛϟا Δن΋جكϟا Δنϧϣكϟا  ΔنΑΎΑلϟا 



 Δخ�صϟا 

اΪϳΪΠϟة )  ΔϳارήϜΘϟا  ΔϘϳήτϟاNIM  ΔϴئΰΠϟا  ΔϴϠοΎϔΘϟا ΎϧشϞΤϟ ΔΌ اΎόϤϟد��ت   ΔϴϠϴϠΤΗ أداة   ϲϫ  )

(  ΔϳήδϜϟاFPDEs)  ΔϴئΰΠϟا  ΔϴϠοΎϔΘϟا اΎόϤϟد��ت   ًΔλΎوخ  ،  ΔΒΗήϟا ΎϬΘϴϨΑ  ذات   ϞπϔΑ  ،ΔϳήδϜϟا

  ΔτϴδΒϟةاΪϘόϤϟا اΪΤϟود   ΔΠϟΎόϣ  ϰϠϋ  ΎϬΗرΪϗف وϴϟϮΗ  ϲϓ  ΔϘϳήτϟا άϫه   ΔϳودΪΤϣ Έϓن   ،Ϛϟذ  ϊϣو  .

άϬϟه   ًΔΑΎΠΘاس .ΎϬΗءΎϔϛو ΎϬΘϧوήϣ زΰόΗ ΔϴΠϬϨϣ تΎϨϴδΤΗ ϰϟإ ΔΟΎΤϟا ϰϟإ Ζόϓد ΔϴϟΎϋ ΔϗΪΑ اϮϠΤϟل 

، واήόϤϟوΎΑ ΔϓسϢ اΔϘϳήτϟ اήϜΘϟارΔϳ اΪϳΪΠϟة ϟNIMـ    ΪϳΪΟاً   اήΘϘΗ ،ΔΟΎΤϟح άϫه ا��طήوήϳϮτΗ ΔΣاً 

α  (α-PNIM)  .  ϊϗϮϣ  اΔϤϠόϤϟذات    ϞϳΪόΗ خ��ل   Ϧϣ  ΔϴΒϳήϘΘϟا اϮϠΤϟل   Δϗد  ϞϳΪόΘϟا άϫا   ϦδّΤُϳ

 Black‑Winged Kite AlgorithmاϮΘϟسΎϨϴϟ ϊϴسΐ خΎμئκ اΔϟ΄δϤϟ اϢΗ .ΎϬϠΣ ϢΘϳ ϲΘϟ اΎϤΘϋد 

(BKA)    ϰϠΜϤϟا ΔϤϴϘϟا Ϧϋ ثΤΒϠϟ ϦϴδΤΗ داة΄ϛΔϤϠόϤϠϟ  󏿿 ًاήψϧ ،   لϮϠΣ ϰϟل إϮλϮϟا ϰϠϋ ΎϬΗرΪϘϟ

أو   ا��خΎϴΘر   ϰϠϋ  ΔΣήΘϘϤϟا  ΔϘϳήτϟا  ΪϤΘόΗ  򟿿  ،ϲϟΎΘϟΎΑو وΪϘόϣة.  ήϴΒϛة  ΤΑث  ΎΣΎδϣت   ϲϓ  ΔϴϟΎΜϣ

 ϊϣ ϞϣΎϜΘΗ ϞΑ ،ϲائϮθόϟا ήϳΪϘΘϟاBKA .ΔϗΪΑ ا��داء ςΒπϟ Δϴϛذ 

ϢΗ ΎϤϛ    مϮϬϔϣ ϖϴΒτΗFuzzy Logic    ϰϠϋ  ϲΜϠΜϤϟا ϲΑΎΒπϟا Ϣϗήϟام اΪΨΘسΎΑ ت󏿿ϣΎόϤϟا ξόΑ

(TFN  ϰϠϋ ΪϤΘόϳ يάϟا ،)q-cut  ،ϞϴΜϤΘϟ Ϛϟوذ    ϦϴϘϴϟم اΪϋ Ϧϣ ΔΟدر ϰϠϋ يϮτϨΗ ϲΘϟت ا󏿿ϜθϤϟا

.Δϧήϣو ΔϘϴϗد ً򟿿ϮϠΣ ΐϠτΘΗ ةΪϘόϣ ذجΎϤϧ ϲϫو ،ΔϴΑΎΒο ΔϴϠοΎϔΗ د��تΎόϣ Ϛϟذ Ϧϋ ΞΘϧ .ضϮϤغϟأو ا 

ϢΗ اسΪΨΘام    ΎϤϛΔϜΒع  شϮϧ Ϧϣ ΔϴΒμϋ  FitNet    ـϟ  ΎϴΒϳήϘΗ  󏿿Σ مΪϘϳ ذجϮϤϧ ءΎϨΒϟ  ϲϓFPDEs  

ϴΣ ،ΎϬϠΣث    ϢΘϳ  ϲΘϟا  ΔϟدΎόϤϠϟ  ϲΒϳήϘΗ  ϞΣ Ϟϋ لϮμΤϟا  ϲϓ  ΎϬΘϴϨΑ  Ϧϣ اϮϤϨϟذج ΪϴϔΘδϣاً   ΐϳرΪΗ  ϢΗ

 ً ΎϤϴϗ ϞΜϤΗ ΔόسϮϣ تΎϧΎϴΑ ϰϠϋ    ϦϳήϴغΘϤϠϟ ΔϔϠΘΨϣ򟿿   و񯿿  ϲϓ ΖϤϫΎة سϮτΨϟه اάϫ أن ΞئΎΘϨϟت اήϬأظ .

  ςسϮΘϣ ϞϴϠϘΘΑ ϖϠόΘϳ ΎϤϴϓ ΎϤϴظ، �� سϮΤϠϣ ϞϜθΑ ΔϘϳήτϟءة اΎϔϛ دةΎϳز  ΄τΨϟا ϊΑήϣ΄τΨϟوا   ϲϘΒΘϤϟا  

  ήϳϮτΗ خ��ل Ϧϣα-PNIM    ،ϲϋΎϨτλء ا��Ύϛάϟت اΎϴϨϘΗو ،Δϴϛάϟا ϦϴδΤΘϟت اΎϴϣارزϮخ ϊϣ ϪΠϣود

اΪϘόϤϟة   ا󏿿ϜθϤϟت   ϞΤϟ  ϞϣΎϜΘϣ  ϲοΎϳر رΎإط  ήϴϓϮΗ  ϲϓ  ΔΣوήه ا��طάϫ ϢϬδُΗ  ،ϲΑΎΒπϟا  ϖτϨϤϟوا

 .ΔϳήδϜϟا ΔΟرΪϟا Ϧϣ ΔϴئΰΠϟا ΔϴϠοΎϔΘϟد��ت اΎόϤϟΎΑ ΔτΒΗήϤϟا 



  Ϧϣ ΔϠΜϣأ ΔΘخ��ل س Ϧϣ ΔراسΪϟه اάϫ ΔΤλ Ϧϣ ϖϘΤΘϟا ϢΗF-FPDEs ΞئΎΘϨϟت اήϬث أظϴΣ ،

ϟاΎϬϴϠϋ لϮμΤϟا ϢΗ  ϲΘ  򟿿ϮϠΣ ήϓϮΗ ΔΣήΘϘϤϟا ΔϘϳήτϟأن ا    ϲϓ ظϮΤϠϣ ϞϴϠϘΗ  ϊϣ ΔϗΪϟا  ΔϴϟΎϋ ΔϴΒϳήϘΗ

  ΐϴΒπΘϟا  ΔϤϠόϣ  Ϧϣ  Ϟϛ  ήϴΛ΄Η ان   ΎϤϛ ا��خήى.   ΔϴϠϴϠΤΘϟا ήτϟΎΑق   ΔϧرΎϘϣ  ΄τΨϟا  ΔϤϴϗ𿿿 ΔϤϠόϣو  ،

  ΔϘϳήτϟا ςΒο󏿿    Ϧϣΰϟا ήϴغΘϣو  ،񯿿  ΔϳήδϜϟا ΔΒΗήϟوا   ��أظήϬت اΎΘϨϟئΞ أن اςΒπϟ ا��ϟ ϞΜϣـ    �، 

  ϊϣ ϦϣاΰΘϟΎΑ𿿿    ϲϓ اتήϴغΘϟأن ا ϦϴΣ ϲϓ ،ءΎτا��خ Ϧϣ ϞϠϘϳرب وΎϘΘϟا Δϋήس Ϧϣ زΰόϳ�   و񯿿    ήΛؤϳ

  ϦϴΑ ظϮΤϠϣ ςΑاήΗ دϮΟو φΣϮϟ ΎϤϛ .لϮϠΤϟا ϲϓ ارήϘΘا��س Δϗل ودΪόϣ Ϧϣ Ϟϛ ϰϠϋ𿿿    ث ��وϴΣ ،

اϮϠδϟك    ϞϴΜϤΗ  ϲϓ خΎص   ϞϜθΑ  ϞΤϟا ϮΟدة   ϦϴδΤΗ  ϰϟإ  ϦϳήΘϣراΎΒϟا  ϦϳάϬϟ  ΔϧازϮΘϤϟا  ϢϴϘϟا Ηؤدي 

 ΔروسΪϤϟا ΔϤψϧ񯿿ϟ يήδϜϟوا ϲϨϣΰϟا 

وϢΗ Ϊϗ ا��ΎϤΘϋد ϮϧASUS Vivobook،    ϰϠϋع  Ϯب ήϣ άϴϔϨΗ ϢΗاάϫ ϞΣا اΎΑ ϞϤόϟسΪΨΘام ΎΣس 

  ΞϣΎϧήΑ ΎϬϨϴΑ  Ϧϣ  ،ΔμμΨΘϤϟا  ΞϣاήΒϟا  Ϧϣ Ϊϋ2023  MAPLE Version    ϞΣد   ϲϓFPDEs  

ΎϧΎϴΑت   وΎΑΎδΣ ϲϓBKA  ϞϴϠΤΗت    2023Version   MATLABوΎΑPNIM-α،    ΞϣΎϧήΑسΪΨΘام  

.ΔϴΒμόϟا ΔϜΒθϟا 


