[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

Ty H“ligl_’wg\:‘ })Lg_j‘\ DJM«\J; uahmwah)duuh}}
(2555 o8l o sle 4y 55)

S Ara Ja o) g A lailicd e UAL\SAQMGSCJL SINL oy 2
@S Al ja ) Al e cliidia by Jad) i
om0 5 R ¢l sl g (i o8 ¢l ymaae Jlsal

AY/A/N ¢ Gy AY/E/1Y il

slSa

-

e e a

Gl 5 Alalae Cansh ol 5202 45y O IS 5 (B ) s o sehe (5 S J) R0 5 (3e (sla See

(oo e Ly Sl 50 Al 038l (5 puS 4 pa Ol 2305 0 2 293 5 SlEide 45 (PDE') (o ciliiha
IS Chplan 353 45 1y (sl a5 4a 58 33 23S oty S¥3laa (il 035 50) 355 0 45K (FPDE") (5 8
oS il (5330 (oask ) Gt 1 353 (e ke FPDE <o 1 (IS B il allia o) 0
i gdga nRisls TS 5 gl -glany ¢Sl all i) S ghaia Gy sl ) (S sl L alibas 53 5850
(NSFD") 2l e Laalds (slaz sl 5l sabiiul b alilee ) 3 sa se oansd LIS 200 ol s 3500 5 5
b3 me iy Asdiee il 5 MR e deals g2 oh oIl Qa8 (e b
e b zse Aldlae da () 02d (8 e SIS (558 gl i Gian L OLL D2 )l oy s e
5 ol (558 sladiily dy5e (s3e B 355 (e Y4y 3l ()8 208 T sladaslld 5 S8 0 4S 5 S

LA KisS l (IS 1 pldas
otk ealailind ye Al CEWES # jh g S Ad je Jreadl jin Alilas g S Ciliiia 1 gals sy

-

dadda
SV PAF Gladie agan t s a5 Vi 1) oS b A 3 S sladal i Ly
1 asa adabea ¢ S5 slalie da (51 0 VATA d\.u)awﬂe\j@da)édw\u_[\] 22 S hae VY
Yl Sl a5 358 ) Jls sua o o S da ) O G 5 s (5 S A e ) il i Alilas 4
S350 4S8 Cul Gl (6 S e Glua piad ) il 0l ) 3 230 S asle 5 cudige 50 (5 S A s

L_\ugq‘)gmua‘)u@\yu:\\‘)JéwQMJJ\ﬁM‘)Jé\Sci\.ﬂﬁmu.\‘)u‘)\}ab\.udumb

arabameri@math.usb.ac.ir J e 0.Xiuuy g5
1. Partial Differential Equation
2. Fractional Partial Differential Equation
3. Grundwald-Letnikov
4. Riemann-Liouville
5.Caputo
6. Non-Standard Finite Difference
7. Newton
8. Leibniz
9. Abel


mailto:arabameri@math.usb.ac.ir
https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

u;baawh")duuﬂs}jg ’VQiQMU}‘)\.Q__}H n‘)LAJHJl.; ¢
(o) 5> o8l o sl 4y 503

b ol j20 E¥alea i3 Ja (sl 1y o lailind e alite cOalis & 3k 144F Jlu 50 3
ot e U ¥alae )y 1y 2 lailind e ale Ol = 5l Y)Y Jls 0 ' lese 5 [Y] oS
¥l i () 2 plailin ye alite COalE y Jiie oo Gl labl e alie gl o [V] < R sy

Lo o b O OIAL a5 7 ohe S (il Jaadl i

3 )3 e AL Ll 7k
g 153 [Y] 28 hyme |y ) e alihe CLialis 7l Adg) Jgeal VA9F Jls 3 e
3lalind e bl e o8 (ODE') (dsame Jrmdl iy daban sl 1y ok cp) 4l
i Ren DB 501y &) sead ODE .2 s alal 4iliia ) shads PDE (sl

2= ().
5 a5 ki€ 1) sy ¥ ANSFD £ sk 2
g _ Yr+1 — Yk
dt — o(h)

S e 33a (h) :h+o(h2)qmu)ah_>oaswuujm\h:Ate@d}L)\G@u o S

Y] [Y] ol 48 8 k5 500, h ssin(h), sinh(h), e? — 1 &) 58 ¢(h) Gl 3K Oxinad
%u(xt) du(xt)

7 0 o L;\‘)gd\ind\jﬁcé..a.A\Jﬁaﬂcs\m&%&\)gbtgjuw&)}w\Q\jﬁu_a‘_;\;\ﬂ

wd R ki 3 )y Tl g, ol O i
du(x,t) U1 — U_q

x  o(Ax)
0%u(x, t) _ ukHt — 2uk — yk-t
ot2 d(At?) ’

d(Ax) = Ax + 0(Ax?), d(At) = At? + 0(AtY).

S Ghla
SomS (Bida Ciy jlad ) (S a3 e arexi REa 230 8 4 e ) (Bl ) 1) D JSdee Caand Gl o
pexi 0y gy |y (Bidie (5 253 3 IS a8 Sl -l il S V] ) oSl -l i) Sy e

-ala

oa€ER.

m _ 1 k([ _
DXu(x) = lim Ziczo (= D*(iJuCx — kh)

—0,m—o he ’
Culed (o Cranty Al (M (Sxg o sane YL OIS A4S (o) Gl €0 S A g8 A5G 90 4 s iy el () 2

D pdioal jiea Calida slak ) n g sane SBlas (2L musia o 4S 21 e aS el ) 52y

1. Mickens
2. Mommani
3. Ordinary Differential Equation


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

e S A e ) ad e eI L Jrdl s S¥alae Ja sl e 2 plaliad pe caliie Clald & sl (s laly (o) 2

el = —1 6l Jhe ) siedy 26d e dadi ) Sha iy 2t ) d\_)i-L'\ejs—AA inad
_ , PRI GEP LI LS RGN
D Mu(x) = limnoo F}(Ik(tll))r(l) ,

m-oo

D lu(x) = limp-o hY¥  u(x — kh) ,
m-oo

Lo A e 3 1RSI 5 B cor o 320 5 (51 IS sty ) ey ) JI_G) i ya 5 5S Al

il ) gaa s o gl -l il 8 g e
Ykeo(— 1)k(k)u(x - kh)
ha

Dyu(x) = }lll 1

mh=cx
Sl Glayy JISI Gl o S ¢ 48
il 4S 23S A me SIS 5 dagsl —glay dile sal 81 (5 S cliidia ) 1) URGn Cay lad

P]ass oo ad &) s [a,b] 804 ﬁ u(x, t) B G R 0 b e 4 ye 3 s sl -gla) s S
u(xt) 1 _uiEy _
ax*  I'(n-— a) f (x — E)eti-n ds, n = la.

[0,T] 50k Lo u(x,t)c-.a\igsbet‘*-.'m(m—l<y<m)y4-ﬁfj\;1.g15u)~5«“—amul=om;

D] oo S D) pain
(1t u™@
ayu(x t) { F(m v J, (t=mrti-m

l dt_mu(t) vy = meN,

B Jalae oSl -all 5318 5 ag sl -(lany (s mS (Biie iy pai 50 ,) Al

s dzal ye V] 4 b

dn, m—-1<y<m,

Cay i ) geacp o )b sledil 5 lat) adadi )3 [0,L] o0k o S Gl 0 <y < 1 ) g (pings

¥ ] vsde
Y _u(0)x7" 1 xu'(&)de \
D) = 5575+t Jo Ty K )
v _u@)A-x)~Y 1 Lu©®de Y
DL = ZE =+ ra o - )

jh:L/Nu:ﬁ_)g.)'}“".)dhu“}jts"J(\)M\J‘—‘“‘JM?JJM‘\ @mﬁ)\bd\i\u\h

a;uﬁajyaowxl:lh,OSISN

1 [u©d fu(x—a)da
F(l—v)0 E—xr F(l Y)
< 0 ( o
u(x—-—
F(l v)z 1
(x = jh) — u (+1)h>°+1)h
u(x—jh) —ux—-(
“ra- y)z h


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

u;baawh")duuﬂs}jg ’VQiQMU}‘)\.Q__}H n‘)LAJHJl.; 11
(o) 5> o8l o sl 4y 503

R 1 1
=——— ) (uj —u-))[G+ D" =]
T2 - T
2-M&
15 e 02l Gllal Gy sanp0 0 < y < 1 sk o3k (sl Adadi () (Bide a8 ol 0 L
h~' ((1—pu _ : e
oDxuCx) = 5= {—13 2+ Nizg(us — woyog)IG+ DY = Y]}- ™)

ooy ) gm0 )b sl adadi ja (5 € Flhe ) w8 G5 e (F) Ay ) alie ) ghay

:JJJI
N-1-1

h= (1 —y)uN | ) N
F@-y| (N=D * ; (W = upgje ) [G+ DY =177 1

Db )l se ik 3 dily Cpeddy i daulae BB iy a3 ) glady e ) (5 S A e il
i O 28 e ) e Sl all il R i et L Wl (0 ot ) (S0 20 (e dsuila (5230
A e (Fidie o Aulan (51 adaal ) Gl ¢(s S A e (Fidia (g n o sSil -l i) S Gy 4y 4n 5 L 4S

Py e S g S

xDzu(Xl) =

si®

](—1)k(;1)u(x —kh)
he ’

15 oe ALE $5 ) a8 Al ) yeals illa

Dju(x) =

Dxu(x) = Zl[(xf_;] cxu(x — kh),
iy S ) gy 48 i o oSl -l i) 8 Cul i o s msea s @8[] B Jsh h ol 2 as
1 gl e
cf =h™*(-DX(}), k=0,1,23..

it daulae B8 & peacpn (8L ) sl off ) ja
g =hcf=(1-22) iy, k=123,...

il e Al CBLEWS gy L FPDE (5 jbwdiand

2,80 e 300 edla 55 5e sadlsl il p3 L1, ) b FPDE
du(x, t) N d"u(x, t) du(x,t) 0*u(x, t)

1Tt TP TR TR =T,
a<x<bh0<y<21<as? (9
u(a,t) =y, (0, ubt) =y, (1), 0<t<T,
u(x,0) = &, (x), a<x<b,

By >0¢i=1234s 48
idie (5 vk (513 Jag ol - lary iy ya3 5 ey e (5 beienn® (51 SIS (Blda Cuy T oaldind Ly
2sd e diala alad ;) pl Ax = At = h o S Ll 0l 5 oS


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

1y 6)...54_\3‘)4)\A}aw@bﬁabdﬁm\ﬁj&‘ﬂd\a&&&\}dj\mm\y@ﬁauh@ckd‘ﬂggw‘)‘)_\

k
o"u(x;, tke1) (h)™
ir tk+1 _ Zb}/[u(xivtk+1—j) — u(Xi,tk_j)],

oty re-—y):
j=0
4<
b].y =G+ -7, (G=0,1,2,..,n).
3
i+1
aOtu(xi'tk+1) _ o ( t )
T oxe G U Xi+1—jp tk+1 )
j=0

[i] . . £ .
;wuz_;‘,a_‘tld)umg\ﬁ NSFD ¢ b s oy b 5
duxj tirr)  u(x, teer) — ulxg, ty)

ot ¢, (h) ’
du(x;, tgs1) _ u(Xj, tge1) — u(Xi—, tier)
ox ¢2 (h) ’

S e Baaakal ) i) ¢, 5, @SS

¢, (h) = ¢,(h) =h +0(h?),
5 (5 S Bl oy pn ) 4S il ) gy 0 g i Kl 52 NSFD ¢k
(TR St o) it 5 a4 K 2 ¢ = () cc® = ™ (slay Sl
S e B b ) () 20, 5, &) HAS 298 hTY RIS TIEN ¢, (h)

¢, (h) = ¢,(h) = h? + 0(h*).

e g allaa ) ¢, = ¢, 50, = ¢, GBR i b (F) Al 0 ) S ka5 o )IRGla L
u(Xi' tk+1) - u(Xi! tk)

! ¢, (h)

;" (h)
By R )ZbY[u(xptkﬂ ) = u( tisy)]
i+1
u(xj) tier) — u(Xj—1, tyr)
= _|33 - o (h) : - [342 C]qu(xi+1—j:tk+1) + fik+1r
1 i
j=0
el (ol Aldee alad) ) asg
k+1 k Y . . k+1 k+1
Uip Mk vkt ki) L i+1 L0, k+1 k1
P =ssm *Paitay Zimo ) [ = uf 7] = -, ™ i PaZizo G isi
b
i+1
-
auftt — aultl + ag(z cfufSi ;) =B, uf + B,aq [biu + Z 1+1) u
=0
j#1
+6, (T, (®)
<


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

u;baawh")duuﬂs}jg ’VQiQMU}‘)\.Q__}H n‘)LAJHJl.; TA
(o) 5> o8l o sl 4y 503

_ 4379, ()
IR
a; = B3 )

L 3 _B4¢1(h);
a=p, +B,a +a,+oas.

3 (V) Adaly 53 b = (4 )P — 1T B8 Dl
b)) = 1b7>0 i=12,.. ;
b7>b]Y+1, j=012,.. )

(k) (k)

_\Vl(kAt) ‘—'JJ‘A‘L’LSJ_)“‘L”\J“}U(I() [ (k), u, .., (k) :IC—\J_}LA‘L? O geaa Hla _)S\
uﬁij)\dﬁgmﬁsksubya\aAo&uAJﬁ@(é):dg_.q\)‘gﬁm)sjﬁjjugl()=W2(kAt))

O sl (O Gl e i ile 48 05 g i
ra as 0...0 1
—a, a az; 0...0

0..0 —a, a a3
| 0..0 —a, a |

5 e (5l (slaay) o L ) (5 e llE (g sile S (D) ol ul jam (o il 255 0 4daaDle aS0 L

'J‘)\Jus_.gt._i\j_;(é)b%d})ﬁ%wﬁuwﬂuw\‘5‘)&\_}\ [&]M\@.\AGJM‘):\Q

s
2SS S 5 7 shae FPDE sl (o slinl ) )2 1) (gl i ol 0
pl-k Hley sl 2 aSasio K (aalj a dlabae 38y ol sa UK 5 a8 Gl sa uk aiS (2 8 160l Ciy s
o ”Ek” = MaXj<jsm- 1|8 | LS a8 pimad Ek = Uk — uk; g Uk u Qa0 A cadl
2 IS || K| 81 5 81l lady laldi 7 yh gy

o3 sl 53 lsm 14l el k= 1,2, 51 = 1,2, 00 m — 15130 4 uk 458 (Y o
il A ) bl o801 ¢ [lufH| = maxy giemoq [uf| = [ufi |81 eadly plok
k-1

(B1 + Bzal)”“kH“ B1uM +B,aa b;iuM + Z by 1+1) l1\(/1_].] +¢,(h) fi |

j=0

s P = [ o
(B, + Byan)[[u | = (B, + Byar)usi™
(b g () iee ¢(0) Al ) aa i L s
i+1
|(B, + Bzal)ull\‘,l+1| <(a—ay+a; Z c]-“)|ullf,[+1
1

L\Gﬂwmww\ulua}buh‘)\u&m\hca3<OJZI+1CO‘<04\SU.1\_)\


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

19 6)...54_\3‘)4)\A}aw@bﬁabdﬁm\ﬁj&‘ﬂd\a&&&\}dj\mm\y@ﬁauh@ckd‘ﬂggw‘)‘)_\

i+1 i+1
ay |, k+1 k+1 k+1 al, k+1
(a—a, +a32cj)|uM | Sa|uM |—a2|uM_1| +a32cj |uM+1_]-

j=0 j=0

j#1 j#1
i+1

k+1 k+1
< lauf ™" — apuih +a3Zc] UM+1-j)r

j=0
j#1

«(0) Adasly b 5l o S llae 5B L Jls
i+1

aulft —aulty +as Z cjup |
=0
j#1
k-1

.
= |B,up + B,aq [bLufy + z ( b]YH) uy + o, (h) fii™.

sl il al (358 Jadl ) S 533
B, #0 R aibi=12,..,m—15 k=12 ..,nu¢x(®) ik, cne Qs uf w8 a8 val
sl ) ) Adail o8

(B, + Byas)maxygig [[u(| < (B, + B,ar)llu’ll., + ko, (WIIFII.

o (V) @l Gub ‘||uk+1|| = max1<i<m 1|uk+1| = |uk?t| 258 =8 Tadsa il

I(B, + B,a: )uls| < [B,ul + s [bLud + z (o] = b, ) uy” + 6, () £

k-1

B, + Byail bY+Z (b7 = bl,, ) t maxs [ W], + b, WL
j=

(B, + Byanmaxs g« [W| + o, WIIFIl.,

IA

A& e
(Bl + Bzal)maxlsjsk+1”uj||Do < (Bl + Bzal)maXlsjsk”uj”OO + ¢1(h)||f||oo
= (Bl + Bzal)l’naxlsjsk—l”uj||OO + 2¢1(h)”f”oo

< (Bl + Bzal)l’naxlsjsl”uj||OO + k¢1(h)”f”oo:

£

(B, + Bzal)max1sjsk+1l|u"||w < (B, + Byan) i+ (k + 1o, (W)Ifll.e.
skl Cpl <k=1,2,....n & ) ol agiiai £ Hlas y B,#0 5B, = 0 S (&)dky, »n ¥al
qure I - Y
. -1
W]l < Ol + (b]B,21) o, (Il j= 12,1, )

:H)b J:ld\}(\')es)\ th‘fou\ﬁuj6})&\)33..&‘1.;\))}5.\44:\.}:4\)‘5.\“)&.&143‘


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

u;ba.nw\.l")duuﬁh}jg ’VQiQMU}‘)\.G__}H nJLmi'nﬂJl.; Ve
(o) 5> o8l o sl 4y 503

|B,arubs| < |(B,aibg)ups + ¢, (M| < B,aq lull+é, (W]l
o n
[IB,a1ut(| < B,arbgllulll,+o, (WIIfIl.,
<500 Sl ebl =1 el (V) Adad ) D)
., < [0l + (Byar)” ¢, IIFIL,
Qb ) Joktl @l (V) Adal) (e d il )8y =k e (V) e a8 (i Jla

55 s (V) o 3 3 sa 5 )

k-1
1B, < [B, a0 [blug, + Z b, ) us ] + 6, () £
G W
k-1
Boan (w1, < Ban bl + D (] = b, ) W] 1+ 6, () I,
j=0

158 0 () Al 3l L 5 |l 55 i

k-1
a1, < Banlb) > (b = b, )l
=0
+ 33 (b = b1,,) (b}B,20) "6, I, + 6, (WAL, *)

m\@mmmﬁw\ Bzalq(/\)@\)mﬁ&uﬁgdb

'], < b*Z (b! =L, ) Il

k— 1
+ bl,y) (bLBya1) by IIFIL. + (bLB,ar) ™oy (I
]=0
B &jledy
k-1
]| < fluOll,, + (b + Z (b} = b, )1(bLB,a1) " 6, WAL
= [l + (b(B,a1) "6, (I,
TSR
. -1
o]l < il + (b_iBya) &, WIfll §=1.2,m. )

2l Ol (S 4 O siea (7) Al ) s
(bl ) <pk!, k=12,.(0<y<1),
(g3 Gy g O i 1 (1) Al ol
W], < IOl + o (36, M) 6, @I, j=12,...n,
0 =pB, T2 —7y) S


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

\A 6)...54_\3‘)4‘)\@w@hﬁabdﬁm\ﬁj@‘ﬂé\a&&d\}dj\mm\y@ﬁauh@ckd‘ﬂggw)‘)_\

Sl s Jag ey ) sty (s e A5G 3 (5 e ) S L (0) Lualdi 7 pla Y Apad
ClaUF snsiclmuf Sl = Uk —ukaa ik =12,...,n 5i=1,2,...,m — 15 k.l
‘”Ek”w = maxlsism—1|8%(| A G Gtimad 230 o)k Sl s a8l o K Gl o (F) Adalaa G380
o) sty (8) bl 2ok 0l e Wy ¢ [|EN|| S (B, 88 Ani Ol siee ¥ 5 Y sl ) (nl g

s da g e e

@ il
(e S ISl A s S e Al (51 0 1 iy crl eNSFD g (RIS il (gl 2()) Jla
Y
4f=gxt), t>0,0<y<1 0=<x<05 O)

tir
g(x,t) = r(z—_y)smx + tcosx,
2 9 4888 HlaE 53 ) a5 00 5 4als) Jal
u(x,0) =0,
u(0,t) = 0, u(0.5,t) = 0.47943t.
7] 5 o) @l calibaa g (383 il sa
u(x,t) = tsinx.
(e oy ((F) Gl 0B, =B, =135, =P, = 0 oS ki 5ol () e) Adalas 4S Ca ual
12 siee Juala JS Gl 4y (Lalds abales ) o Ly

k k
© k-n 4 Ym~Um-1 _ _k — —
n=0CnUm — + Y7 gm, Ax=At=h.

u§+1 =2 (gi(n - Coulr<n + z Cnulr(n_n) ¢1(h) + ulr;—p
n=0
]8R ki 53¢, (h) = el — 1 & pmats i 1 ¢, (h) s co = 54, (h) 77 48
L.r'ls“ SJL\ B ch‘).mS “‘_\.\‘)A )\ T Aalas D) J‘)\J.\Uu\‘):\c GAL\:\A CaSlalas C)L Lg‘)\.maﬁlz\:\ )\

(M) 5 (V) sladsd )y 2 gl duala J o Ji8 S8 L g22e Gl g alida slah 5 y =09 L[+,/2]

Wi s dwliahz /0 Yoh= o/ ) Q}uﬁague@djbgaﬁdmhaam}‘_3...\334_5\.%&._1\);

0.25 T T T T T T T T T
3
0.2} —
_ 0.15F Al
=
b3
0.1} .
' Exact
0.05} - * Numencal -
0 1 1 1 1 1 L 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 o4 0.45 05

t=0.5 s0 M=50!J14 28l S ALLs UL CJL S odal Condy Gl g by (380 Gl g Alla ) JSCE


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

Galias ol ) slagia 55
(irn i A58 o 4,20

u((x,t)

02F

Y9 Hlald 5 5lea ) oyladi¢) ala

A

] 1 ] 1 I 1 1 J 1
/}
* Numerical
Exact =
1 1 1 1 1 1 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45
X

05

1=0.5 J& M=25! 14 il e Alda sl CJE ) odal Crwddy il ga b L’é..ﬁé Qs duwlla | YIS

48 i alice 380 lsa L NSFD ob ) deals s dalia Jlases Gidas (Y) 5 (V) cladses

sl oA% Aali el ay 35 [+, 0/0] b0k 3 DA Sy Hekedy 4S5 K Akl YO 5 O (sl iy i iy

i ol o2 o2l iled calida (glah 13l Ly pod o3 Uad Hlasal o 7) K& o (pines
5 T T
.
A= -
5 3 1
el i
= g _
0.005 0.0 0015 0.02

- h
Alida sLh L odal Cowddy gUad jlagal ¥ IS&

(SJMSGJA‘\JJMd\):ld\)\ﬁﬁu‘):\é@u:uﬂmwcﬂ@ﬁ.\ Jdsaa

AL sk Ly e o lba o Bt A 5
h=v/eY e FEVYY) .

h= /) /e s ARFF Y/eYY
h= /20 ey /¥4

Sl s 45\)\}MB.ALQ‘)MSC)A‘UJ\.’_ALg\}djd;hu\ﬁ@hu&h&c)k‘\_ﬁf(\)d}h)ﬁ

r 80 Dl 3 ) e2deald (5 e s aal sl Jal b3 L ) s mS R Alalaa 1(Y) Jla

Tu u N D, t20 0<y<1
R T
=Y
xt)=—+2x—2,

1 G-y
u(x,0) = x2, 0<x<0.5,
u(0,t) = t?, u(0.5,t) = t? + 0.25.

u(x, t) = x? + t?,

:[V] O Gl G jlae O] 58 @l g aS


https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

vy

o iy anih (il 5w R alalaa 555 NSFD b (5 jlodlyy

k k k+1 k k-1
o k-n ; Um+1~Um-1 , Um *+2Um—Um - _ k _ _
n=0 Cnum + ¢2(AX) + ¢3(At) — qm, AX — At - h
., h
¢, = 4sin >
¢, = 2sinh,

DIessas R i ey = (G4, ()™ Giines 5

L;ﬂS\.A EJL\ B 5(5)..445 :Lu)A J\ )g).\‘:\ll\a..a TED) JJ\AJUM\);IQ Q;AL\EA Ca lzalal C)L d)\.mc.l\%.} J\

O 5 F ladss _a}&w&él;djﬁd.ﬁédagdam il alisg slah y=0.7 L}[~,~/0]

sl e Al hz /0 Y sh /0 ) Gglite sl o8 Jsh bsad Juala s2e 5 380 slac s
07 T T T T T T T T T

061 =

0.5

u(x.t)

04

#*  Numerical
Exact

02 | 1 1 I ! 1 1 1 |
0 0.05 01 0.1 0.25 03 0.35 04 045 05

on
=]
ro

X
t=0.5 J2 M=500s!Jl4s 2 )ailiu) & ALe COLALE = sl ) sdal ity Gl g b (383 Gl g2 Agunlia ¥ JSG

0.65 T T T T T T T T T

ufx t)
’ Q .
&
]

Exact
*  Numerical

0.25 * PPV

0 0.05 0.1 0.15 0.2 0.25 03 0.35 04 045 0S

t=0.5,3-m=25:1J) 4 Al AL DLW & g ) odal Chwddy il g2 L (883 Gl g2 Al O UG

s+ —

al- —

O

L?—Error

1+ D E
0.005 CID 0 0I15 0.02
Cilida sLh b odal caudly glhad jlagal 7 S5



https://jsci.khu.ac.ir/article-1-2032-fa.html

[ Downloaded from jsci.khu.ac.ir on 2026-06-17 |

u;baawh")duuﬂs}jg ’VQiQMU}‘)\.Q__}H n‘)LAJHJl.; V¢
(o) 5> o8l o sl 4y 503

48 Gl alics 38y Gl sa b NSFD b ) ol oty ol s Alie plasad Glilad 0 5 F S
ol 028 Aali Niledd ay 35 [+, 0/0] B0k 3 DAl Sy Hehady 4S o K aali YO 5 O (sl iy i yiay
ol o2 paly inlad alida slah ) Mo Ly ad 3 Uad Hlagad oF JSS 0 (pinaa

sl 02l ) ) g Ao sy g e ¥ Jsaa 0
S K g ddalaa () g 3 )l & A Le COLALE 7 b A e Y g

e\iJ}L Lze‘).'aJaua'; @\)?\.AAM‘)A
h=+/Y /ea¥od )
h=+/) o[y YAA \VARR 244
h=+«/+e0 /e a YaVYY V/AYPNY
Z LR
Lng O

L S cl a3 68 ) LS NSFD ¢k b s wS 4t e 3 PDE da ) ol s (220 il
O he FGEY a5 211 el IS4y c¥alee ) A Gol da ) 438K 534S A cSss
O Sioe Cpinad Coal SYAae ) Adud cpl da () g 1S 5 aiad ja gy o latlia) e iy 48 Gl allae
LF] R i ) 28 e (6 ldian® e ) gty 4S ol Sl i SiYalae ) 4 () (ol

i an 500 mS Adipe ) il ey i GWPDE (sl ellia cp) 0 02l = shae sl a5 e il

S A ) el
&lia

1. Podlubny 1., "Fractional differential equations”, Academic Press, New York (1999).

2. Mickens R.E., "Nonstandard finite difference models of differential equation”, World
Scientific, Singapore (1994).

3. Moaddy K., Mommani S., Hashim I., "The non-standard finite difference for linear fractional
PDEs in fluid mechanics", Comput. Math. Appl., 61 (2011) 1209-1216.

4. Oldham K.B., Spanier J., "The fractional calculus”, Academic Press, New York (1974).

5. Gene H. Golub, Cherles F., Van Loan, "Matrix computations™ Johns Hopkins university
press, London (1996).

6. Odibat Z., Momani S., "The variational iteration method an efficient scheme for handling
fractional partial differential equations in fluid mechanics", Comput. Math. Appl., 58 (2009)
2199-2208.

7. Mickens R.E., "Applications of nonstandard finite difference schemes", Singapore (2000).


https://jsci.khu.ac.ir/article-1-2032-fa.html
http://www.tcpdf.org

