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Petrographic and Geochemical characteristics
of Lower - Middle Jurassic dolomite in the
AL-Querdaha and AL-Qadmous Sheets,
Coastal Chain, Syria

Dr. Ahlam lbrahim*

Rabea Mansour**

Abstract
This study was realized in the middle of the coastal chain of the Syrian
Arab Republic, specifically in the eastern part of the AL Querdaha and
Qadmous Sheets in the Jurassic , we aimed to determine the composition
of the dolomite fluid, the origin of the dolomite in the studied, the
temperatures of dolomite crystal formation, and the degree of
arrangement of their crystal structure, due to the importance of the
dolomite process and its role in understanding the diagenetic history of
the region. two geological sections were raised in the Lower - Middle
Jurassic deposits, the first section is located in the village of Shatha north
of the Querdaha Sheet, and the second is located in the village of Ram
Tarzah in the Qadmous Sheet. Rock samples were collected from these
deposits. we prepared 40 thin section to determine their petrographic
composition and the morphology of the dolomite crystals. SEM
(scanning electron microscope) and EDX (Point analysis) were also
performed for 10 typical samples from both sections in order to know
the content of the main and trace elements and some rare earth elements
(REE). The microscopic study showed that most of the dolomite crystals
have a non-plane texture. It also showed the presence of a dolomite
zone, a calcite zone, and a calcite dolomite zone around some of the
dolomite crystals. These zones were formed as a result of the difference

* Professor, Department of geology, Faculty of Science, Tishreen University,
Syria.
**Postgraduates, Department of geology, Faculty of Science, Tishreen University,

Syria.
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in the Ca/Mg ratio in the dolomitization fluids. The geochemical study
showed that the dolomite in the study area is of a replaced origin as a
result of the negative correlation between the elements calcium and
magnesium. It also showed that the dolomite crystals have a high degree
of order (typical dolomite) according to the logarithmic ratio of the
elements calcium and magnesium. It was also shown through the
positive correlation between the elements potassium and aluminum and
the high percentage of holmium compared to yttrium to the interference
of debris materials in the carbonate rocks.

Key Words: AL-Querdaha. AL-Qadmous. Jurassie Holmium. Yttrium.
Dolomite zone.
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Synthesis of new complexes using Diphenyl
pyridine hydrazone derivatives
N.Dumyan*, M.M.Al-Khoder**, K.Al-Zobar***

Abstract

Metallic complexes for Copper , Zinc and Nickel ions were prepared by
reacting anhydrous metal chlorides : (CuCl2 , ZnCI2 , NiCI2 ) with the
ligand 4-nitro-N'-(phenyl(pyridin-2-yl)methylene)benzohydrazide .

The structures of all prepared compounds were confirmed through
spectroscopic data from the following analytical devices: FT-IR, UV-VIS

Key words: hydrazine, pyridine, Schiff base.

*)Master student: Department of Chemistry-Faculty of Science -Homs
university-Homs-Syria.
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The Effect of Heat Treatment in the
Crystalline Structure and the Hardness of the
Aluminum alloy Doped by Silicon and
Magnesium.

Prepared By: Mohammed Suhel Issa

Supervised By: Professor Abed Alrazzaq Alsoufy

The Al-Zn-Mg-Si alloys were prepared by content of different
doping of silicon and magnesium.The heat treatment was
applied on the prepared alloys at 520°C for 30 minutes. The
crystalline structure of the prepared alloys were studied by XRD
technology. The crystalline lattice constants and the crystallite
size D were calculated and it was found that the alloy that has
high content of doping of Magnesium or Silicon has the smallest
crystallite size . And the interplanar spacing d was calculated .
Vickers hardness test was applied on the alloys and it was found
that it generally increases with the increase content of doping
of Magnesium or Silicon before and after the heat treatment.

Key words: Al-Zn-Mg-Si alloy— the crystalline structure — X-Ray

diffraction (XRD) — crystallite size — Vickers hardness .
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(111) 45.118 0.2952  0.00515 33.838
(200) 52.542 03936 0.00687 26.136
2%Mg (220) 77.393 0.492 0.00858 24.023  28.142
(311) 94.244 0.492 0.00858 27.554
(222) 99.974 0.492 0.00858 29.160
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(200) 52.640 03936 0.00687 26.147
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(311) 94.442 0.492 0.00858 27.606
(222)  100.087 0.492 0.00858 29.195
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Rel.Int.

[%]

100
84.98
28.67
52.17

10.31

100
63.79
24.4
45.42
8.83

100
80.32
32.26

51.6

13.07

20 ()

45.145
52.553
77.509
94.349
100.040

45.223
52.669
77.593
94.458
100.069

45.024
52.427
77.244
94.019
99.565

60 70 80 90
Position [°2Theta] (Cobalt (Co))

20 ()

dna e Al

44.988
52.455
77.376
94.207
99.844

44.988
52.455
77.376
94.207
99.844

44.988
52.455
77.376
94.207
99.844
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6 ()

L

22.572
26.276
38.754
47.174
50.020

22.611
26.334
38.796
47.229
50.034

22.512
26.213
38.622
47.009
49.783

O(rad)lu a3

0.393
0.458
0.676
0.823
0.873

0.394
0.459
0.677
0.824
0-873

0.392
0.457
0.674
0.820
0.868

d(A°®)

2.330
2.020
1.428
1.219
1.167

2.326
2.016
1.427
1.218
1.167

2.336
2.024

1.432
1.222
1.171

a(A°)

4.036
4.040
4.041
4.044
4.043

4.0294
4.0325
4.0377
4.0411
4.0427

4.046
4.049
4.053
4.055
4.057

aavg(Ao)

4.041

4.036

4.052



Al polad) Aty e daaly dlaa

Ghoal) G ae 0l e S dena 2025 ols 14 3l 47 sl
(111) 100 44.854 44.988 22.427 0.391 2.344 4.0607
(200) 90.53 52.205 52.455 26.102 0.455 2.032 4.0658
3%Mg (220) 32.56 76.910 77.376 38.455 0.671 1.438 4.0679
(311) 34.98 93.500 94.207 46.750 0.815 1.228 4.0728 4.068
(222) 7.52 99.055 99.844 49.527 0.864 1.175 4.0730

gl cibizaal) clisnll g (cilblaal ¢pay ) Agpbmal) Ll cililual) ilis 1( 6 ) Jg2adl
Aghal) dadleal) (ki dny o g3l
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(111) 100
(200)  78.57
1%Si  (220)  17.79
(311)  48.46
(222)  5.18

111) 100
200)  63.07

. ) 40.14
%Si
311)  39.47
(222)  9.37
(111) 100
(200)  59.87
(220) 58.67
3%Si
(311) 59.14
(222) 10.19

45.078
52.516
77.386
94.197
99.830

45.154

52.597

77.466

94.350

100.03
4

45.204
52.644
77.578
94.448
100.07

44.988
52.455
77.376
94.207
99.844

44.988
52.455
77.376
94.207

99.844

44.988
52.455
77.376
94.207

99.844

22.539
26.258
38.693
47.098
49.915

22.577
26.298
38.733
47.175

50.017

22.602
26.322
38.789
47.224

50.036

0.393
0.458
0.675
0.822
0.871

0.394
0.459
0.676
0.823

0.872

0.394
0.459
0.677
0.824

0.873

2.333
2.021
1.430
1.221
1.169

2.329
2.018
1.429
1.219

1.167

2.327
2.017
1.427
1.218

1.167

4.041
4.043
4.046
4.049
4.049

4.035
4.037
4.043
4.044

4.043

4.031
4.034
4.038
4.041

4.042

4.046

4.040

4.037
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ﬁ‘ J:‘:;ﬁ 2:)2 o) O(rad) D (nm) D, (NM)
(111) 45.145 0.3936 0.00687 25.381
(200) 52.553 0.3936 0.00687 26.137
Al (220) 77.509 0.3936 0.00687 30.053
(311) 94.349 0.492 0.008587 27.582 27.667
(222) 100.040 0.492 0.008587 29.181
(111) 45.223 0.2952 0.00515 33.850
(200) 52.669 0.2952 0.00515 34.867
1%Mg (220) 77.593 0.3936 0.00687 30.071
(311) 94.458 0.492 0.00858 27.610 30.145
(222) 100.069 0.5904 0.01030 24.324
(111) 45.024 0.2952 0.00515 33.826
(200) 52.427 0.2952 0.00515 34.831
2%Mg (220) 77.244 0.3936 0.00687 29.997 ST
(311) 94.0192 0.492 0.00858 27.496
(222) 99.565 0.5904 0.01030 24.198
(111) 44.854 0.3936 0.00687 25.354
(200) 52.205 0.2952 0.00515 34.798
3%Mg (220) 76.910 0.3936 0.00687 29.928
(311) 93.500 0.5904 0.01030 22.803 27.391
(222) 99.055 0.5904 0.01030 24.071
(111) 45.078 0.2952 0.00515 33.833
(200) 52.516 0.2952 0.00515 34.844
1%Si (220) 77.386 0.3936 0.00687 30.027
(311) 94.197 0.492 0.00858 27.542 30.102
(222) 99.830 0.5904 0.01030 24.264
oS (111) 45.1542 0.3936 0.00687 25.381
(200) 52.597 0.2952 0.00515 34.856
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(220) 77.466 0.3936 0.00687 30.044 29.408
(311) 94.350 0.492 0.00858 27.582
(222) 100.034 0.492 0.00858 29.179
(111) 45.204 0.2952 0.00515 33.848
(200) 52.644 0.3936 0.00687 26.147
3%Si (220) 77.578 0.3936 0.00687 30.068
(311) 94.448 0.492 0.00858 27.607 29.372
(222) 100.072 0.492 0.00858 29.190

L) ilaal) culiall o (culdlial )98y ) A jbinal) Al cililaal) milis :((8) Jgaadl
g ) dadleal) gk day a5kl
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Ayl Al 8 s (Sale Loadl ) (mey s 8 6 ) 45
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33l gy sll) AS0ED el Aad 8 50l Ll Jansly ¢ Aphyall Anllaall Gkt aay 4yl
sl Al 2ol AN Oyl Al e AN lldg agriiall (pe Adliaall Ayl
Aallaall Gadai ey il @ Aol A0l Cull dad 50l 0sSilad) ddlia) die Jas
OsSalind) (pe Adliaall Aul) 3l Aol AWEN Culh Aad b Gl Janglg ¢ Ayl
Bycasal Gliell e
Gkl amy wal) aaall Aad 0Ly agd D sl aaall il bl Aty W
e L3) s die 3ylanall cilual) G Jan gl el o leidai Jd aie 40))all dallaal)
Al daidic G5 s die bpandl Gl e sreal D s aaa dlld aspinal o
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4 90
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LSl dpead AN Al 5 S 5 glud Jas gia o 1(( 7 ) JSl)

aY1 Lo 23l 588 55l o 3 Dbl Jaad (7 ) JSl Lyl Al se s

- OsSluadly
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gigall ygoall g4 dysayill dalialll ,5i daulys
VMA i,k olsisialy (P+96Rh) dosliioll
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1 gadlal)

96— 52355l ket Al wgy ciligiy ) Sl e Allat 4y el 134 b
@il gl 3l aladi by dla ugially dmidiall il Jlsse & (P°RN)
saSl Apnagil) Al e 3l ) (VMA) agiall glaill oyl 450 ol
Je Ll Aleiall bl Jolas ehal @ o( LA 5 Gaial) asba sl
Ll ¢)aY (VMA-SPI) 5 (Genoa—SPI) ;asliy olaai ol (P+°Rh)
L

5 (P, P°Rh) Jelall gl sl oSl A0 el e Jsanl) s
- Al e gy Jlae (pania eI ALLEN AR - Lisi

Sl Jlad) 8 00, (E) 40 Je il alalial pnaall 2l slagls Ui daa
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(0l saSl Alal il Ayl sl lagn aill) (Fapadll) dpmaall LeDhie 2 Lgilia
il 525 (0.01) i Tan e Syl Uadll laie agag e ia IS Lol
- Apagl leay) o) Gee a0 2y o) Led () Uadll dad e L3S
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- Ll LD we o Balgs cupelal 5 (P+°Rh)
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Studing the effect of dispersion addition
in the Optical potential for the (P+°Rh)
system using (VMA) method

Abstract:

In this research, a numerical analytical study was conducted of

the scattering of protons by the isotope rhodium-96 (°¢Rh) in

the field of low and medium energies using the dissipative
optical model using the variational approximation of moments
(VMA) method, which is based on the dissipative relationship of
the photocattern with its two parts (real and imaginary) An
analysis of the data related to the reaction (P+2Rh) was carried
out using two programs (SPI-Genoa) and (VMA-SPI) to perform
the necessary calculations.

The ideal parameters for the dissipative light potential of the
reaction (P,°°Rh) were obtained and the comprehensive
relationship of the potentials within a wide energy range was
deduced.

Then we found the numerical values of the total reaction sections
Otot (E) inthelow and medium energy range, and the differential
sections o(0) were found for a wide range of angles at a specific
energy value, It was shown through the dissipative addition in
the optical potential and comparing it with its reference
(experimental) counterparts (the comprehensive intermediate
classifications of potentials) that it converges well, with the
amount of error committed being very small by (0.01), which is
much less than the value of the error committed, while the
addition was not taken into account Dissipative .
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The volumetric integrals were also determined with respect to
the real and imaginary parts and their potentials for the system
(P+96Rh) and showed good agreement with their experimental
counterparts.

The radii of the (p+°°Rh) system in low and medium energy
ranges were also determined. The calculations highlighted their
convergence  with  high-precision  reference studies,
underscoring the accuracy of the geometric parameterization of
the optical potential and the effectiveness of the dispersive
method.

Keywords: Dispersive relation, VMA method, Total reaction
cross section, Optical potential.
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A e oo ) ey aadly aldl) fgs i~ zlseY Laliaials Lol
oalaia¥ s HLSVl5 GulSail) (e 6 suall (alsd Al paS Allall oda b 5hsall sy
(Mean ) Laws ha hHlase sl o woall o = 35aill 138 e Toliy (i jidy 136
sloill oyge £l aleaiadl] ema Jlaial angy 43 ey 315l 3 Usea Free path
O3l B3l U ys Sl HL &) Jal Gl oo 315l ar sl Hse G
t el il gy S Sl
U=V+iw
(1) e il find dlee Chmy ) aeall L)) giall Jia): Vo Gus
[2]. (sl Galisial dlae a5 2¢all LAl o3all Jia) W
s A ogill Ay Ay & idally gl masall aadiy smlall gl
Laliy lalas Sl zasedll goa 2 Luald) cilsindl e e cdyssill cdle il
OSIs (oMl 5 (pall) Sl e lidars dapadiy Jeldll adalia adl opad b
Jiall dapm i delia elacY dilady il cowsS uralall cpaiall e e
Dshly Cuaad Gl e g Adladly duasal) Gl Jlaal) (& (0 5esl) ol
[3-4]aatl) gl aseilly ea JAT zhgad ) gl z3sell
Gl el 5% o it S agall g paall sl o (VMA) — céye
e Jaxy e (DR ) Zoaaill 48 PA e JAahs Ll cld (Laally 2aall)
[S]-dals JSy 4 o5y Sllly () jslady W dpuigl) <l i) )Ll
(P+2%% Pb) ,(P+%Ca) iyl (55l s slaia duafyal day dapylall 238 il
OslSon Sl A pa e ol Ayl ciide A ¢ TY Talas cdis
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Agoaiil) ALY (e aalill sl peSl 8 Gratl) Hlaie Ajea rdiagd) Cisa
z3sall ) A& (P, %°Rh)delall (Al _aliilly 4<) Jiniil) adalia o 0yl
SN Jelill adalial saall bl 4al s 5 o(VMA) diph gaagll Jsuall

cgaail gl sl Aariiaal) dyatigl) il e Gl ddoalill
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Al AL (815 — saS) Joliall Ll e iy A gl el any
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b (a8 (s paena e callE) Anagl) el 3 Al 4S5
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Jobiial) Hhadll oy ANy adie yuagg V(1) Sl sl 5o il sl

R, =1.AY/3

AN Aluadtl) dapally A (S Ban W L

U= (r,E) =Vys(r,E) + A Vy(r,E) + AV, (r, E) + i(Wy(r,E) +
W, (r, E)) + Vys(r, E) + Ve (7) )

Ll Caia(Woods—Saxon form) s Sl lagy (9aS JS5 aladiul - gy

A Al die ey 25 (2) A8l L 52l asaal) e JSI kil

V(r,E) =V;(E).f(r,R},q;) (3)
ol &
1 1/3
of (r Ry o) = oy o BE 4/
[1+e % ]

Vs = 6.8Mev ns=12Fm as=06Fm 1.=122Fm
:VMA ) 43 b gsiaa

delall Jal ge (1) 2Dl 3 ol g5l Jiall clisSa aand ulY) Cangl)

Pk LS g yaall
DA e bnays ((anally oadaadl) seall sanall )sSall Zpanal) Zadll 23a3 Ly
s ol

_2 . 0 Wy (r,E)dE
AVW(T, E) T (E EF) fEF (E-Ep)?—(E—EF)

(4)
_ 2.5 o  Wq(rE)dE
AVy(rB) = Z(E = Ep) |y o ey, O
222l ALY DA e (W) oabaadly (W) oenall L) 55aSl) ypans

P asdl
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(2] (B) =[], (B) + [r?], (B) = = [ [Wu(r, B) +

W, (r, E)]r2dr (6)

(Al Apall o pyial) (il (13aSll anal) JalSill iy [F]2(E) o
—0she ) Wle s Lhisi plasay 5 (enally el ) SLadl ol 2l

:(sb
2 _ (E—Eg)? _ (E—Eg)*?
[T‘ ]WWd(E) - ﬁz [(E—E0)2+p2 (E-Eo)?+pw (7)

(Brown—Rho) )y (s ¢lass Jidi py,, o3, Bp ius
(P+A) Jelill fe il cilisind) (ailiads Bl bl By ¢ 44l WL E
MeV s3ap payd dsus Blh By B =%:@Mg‘;ﬁ,“

Ez=3.95 E, =197 &
:Allal) A8Mad) S (e g8 LS_):‘L“ e T N e)s.u Az g

A R3 i
HF 1+< HF

Jur = ?T RHF) ] Uyp(E) = 9HF- Vyr(E)
Unr(E) = Vo — (22). vy = 54,4 — (32) 428 =
56.6625

RHF - THFA1/3 - 56594‘

V, = 54.4 v, =
42.8 [17] 038 5 Jasd
aHF = 062 THF = 1.236

O8Il Ay Sall eyl Ada g S LS (7, Tg, Gy, Ag) sUaasl) 2a3
rg—ay Jiall may (2) A0k b Sa aan e e L) ey galall gl

1Sl Al
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Al PJM‘M e daala dlaa

i 2da 2 Bl gl oLl ) Al 2025 sls 14 s12) 47 alaal)
[r?]1-ER)
U(r,E) = 2 explayy (E — Ep)] f (xur) A Viy (E)f (x)

+A V4 (E)g(xq) + iW,, f(x)+ iW, g(xq)
+Vs(rE) + V(1) (8)

Adlee s oy cailla iy aady S5 wal) 00l CiliSe wen 2an3 ey sl
sty O3Sl JSA) el dmsall jaingyd

d>y  2m B
s (E— U =0
(z%)

Liylia 5 agyaall iUl Jlaall o i Jelail) alalia alay) 2y SPI alaas uly

[19-18] dshassll 5 dzallall DA o 5 gl LeDlde oo

(P + %°Rh) “eshaidly dileial) Lymapall ULall cOUas 2ol & coypal-1
e Jsanll 55 o Adaassially Lmiiial) culall) Gugyaall SN Jlaall (aa
exall A willy A Al (e agiall ilaslan 5 (suall 05aSl 251 Ciahly

580 ((ganally alndl) I 5 el
clal&all) Al el e agdally Adlaiall bl 4040 55ladly a5 -2
by Jyr, ool ) i GLidlls Jp 0seSl sl ¢ jall dnilly (Apeaal)
LY Jaall am il cld 5 ledle 2 bal) (S B85 e gena (Jiyy,
Bz ¢ P2 « pwe Eg ¢« Ep Apuxigd) elaugll af yaas &5 plSlaall d3yyhayy gyl

gl Lgad
Ep = 3.95MeV E, =197MeV
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VMA 48 b alaiiuly (P+2RN) daghiiall b gual) ¢ gasll A dgaaiill ALY T Al

B, = 94MeV Fm?3 p, = 52MeV pw = 3MeV
B sl
(E — Ey)?
(E — Ey)? + p3

]W(E) =B,

(E — Ep)*
(E — Eo)* + pi

Jw,, (E) = B,

(E—E)*  (E—E)
(E—E)?+p; (E—Eo)*+pf

]wd(E) =.82[ ]

i el (405Y1) wntigh Culsiahll) o cdal ¢ (VMA ) 465k Lngid g -3
leie Al iy 2 ((Aonk—ully Aeasll) A Lanll; 4 aaall) 25, ol
7y ,ay iy = Ty a, = dy

leasis [ apall o Loalad 8 (1, pgp ) ails (13aS s Uausy Ll

3 2
tasb (Jur (Br) = 4?1[ RA# 1+ (MHF) 1Unp(EF) ) 38U

Ryr
Jur(Er) = Jyr = 501.235 MeVFm3

bl dlli Jlia) &5 -4
<le (A Bye pac pwe Epe Eoe Viscmise aise Jurp ¢ Ty = Tg; Gy = Qg
AE = SMQV :\:ISUa 3}.&5{5 ‘\QJB}
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Al pslad) Aty e daala dlaa
Gl pda o P gl i) dla 2025 pls 14 222 47 alaal)

la i i (SPI) Jaall cale ae (VMA-SPI) zyall Cale (g culilyl) Jagy 25 -5
(Al —aliily 40K ) Jelil alalies daleial) cililydl e Jy—amslly « (SPI)
(enloudly enall) Lailly adal) osaSl (shal dplly LaE diyal) o ag5ally
X

:4z8lal)g gl

b le ) Jeasil 25 38 el clshadll (e sshal @ Lo ) Taliind

Anshaiall (gaagll  sall 5aSll (o Uamsss ) Apstigh clyial)ll Bl cppeil) — 1
(AE = 5MeV) ddlassha, juad) Ul Jlad) & (P, “°RA)

H(1) sl Gaa Ll 255

iashiall gargll s mll (sl Ay wa el el Ll i(1)dsea
(P, °Rh)

1.97 55.111 1.289 0.596 0.056 1.2 0.5 5458 1.2 0.5

2 55.103 1.289 0.596 0.056 1.2 0.5 5.488 1.2 0.5
3.95 54.617 1.279 0.596 0.125 1.2 0.5 6.812 1.2 0.5
5 54.358 1.273 0.596 0.172 1.2 0.5 7.188 1.2 0.5
5.92  54.132 1.269 0.596 0.219 1.2 0.5 7.406 1.2 0.5
10  53.134 1.254 0.596 0.490 1.2 0.5 7.749 1.2 0.5
15 51.894 1.24 0.596 0.938 1.2 0.5 7.600 1.2 0.5
17 51.387 1.236 0.596 1.144 1.2 0.5 7.467 1.2 0.5
20  50.611 1.23 0.596 1.476 1.2 0.5 7.224 1.2 0.5
25  49.273  1.222 0.596 2.065 1.2 0.5 6.751 1.2 0.5
30 47.884 1.216 0.596 2.672 1.2 0.5 6.239 1.2 0.5
35  46.452 1.211 0.596 3.271 1.2 0.5 5723 1.2 0.5
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VMA 48 b alaiiuly (P+2RN) daghiiall b gual) ¢ gasll A dgaaiill ALY T Al

40 44.994 1.207 0.596 3.843 1.2 0.5 5225 1.2 0.5
45 43.523 1.203 0.596 4.377 1.2 0.5 4.756 1.2 0.5
50 42.052 1.20 0.596 4.868 1.2 0.5 4324 1.2 0.5
55  40.595 1.198 0.596 5.314 1.2 0.5 3931 1.2 0.5
60 39.16 1.197 0.596 5.717 1.2 0.5 3575 1.2 0.5
65 37.755 1.195 0.596 6.078 1.2 0.5 3.255 1.2 0.5
70 36.384 1.194 0.596 6.401 1.2 0.5 2969 1.2 0.5
75 35.052 1.193 0.596 6.689 1.2 0.5 2714 1.2 0.5
80 33.761 1.192 0.596 6.947 1.2 0.5 2.485 1.2 0.5
85 32.511 1.191 0.589 7.177 1.2 0.5 2.281 1.2 0.5
90 31.305 1.19 0.589 7.382 1.2 0.5 2.099 1.2 0.5
95 30.141 1.189 0.596 7.566 1.2 0.5 1935 1.2 0.5
Vo = 6.8 (Mev) T50=1.2 (Fm) a5,=0.6 (Fm) r.=0.6
(Mev)

O3Sl gaa) eiall old 3B alajl ae o odel Joand) o Baadle 58 LS
A sdial) ey sl QI Y QD gy Sl ol bl Ly il
¢ 3lsll Jals lar ) (e 250 220 e LSl Ledals 5 Cagd) (g (s ll)
5 enall LAl 5kl ola d3lal 2Ll e of sodled Jsanll e s Ll
o O () o adaadl Ll o aas Laiy 28U 3L e 23 oyl o
bl Gn bl ) ey (e 28U L3 pn Jlel o alie Aad )
- Agenalls dadaudl

=l )]y oSl Ll o iall dally 206N A55al) (e agjall Gaals i =2
il Leliics 5 (Brown—Row) )y — ¢l ile paai il (Jy abasdl 5,
:(1) J<adb
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Al ?JM\M e daala dlaa

Gl dida s D gasil 2] ) el 2025 als 14 231) 47 2l
120 -
JW(E) (MeV.FmA3)
100 m B
g0 S
60 -
40
20
-20 0 20 40 60 80 100
e |\V (tot) Braown Raow @ |\W Braown Raow @ ]\vd Braown Raow
= Jw (tot) koning 4 Jw Koning e Jwd Koning
® Jw (tot) becchetti A Jw Beccetti ® Jw Becchetti

akh g, dsesall) f, Adatl 21 DI ALY Tl £(1)JS )
Ledlie gn Ll 5 gugpaall L3RI Jlaall 3, (P, %°RA) dasbaial ( ]
J20-21] Ama )

) bl LI EOKEl e pal) Galadlly @8l (1) JS—al) e (e sa LS
[20-21] Gmayall LeDlfiny (SPI) (35 dpsmnal ( Gynlandly Lanal

Ot o3 388 SPI zaliall 3ae liiasg (1) Jsaadl 3 Asigll o Uasgll aladinly =3

(WakoshdlsW, denall) il o) Adlidl il o8
Lol 55 s aedl Bsidly il (LI bl s (P, R ) ssbial
 (2) U8 e Lk
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VMA 48 4k aladiuly (P+%°Rh) daghiall bgual) ¢y gasl & dganiil) ALy Ji Al o

12 -
W (MeV)
10 - x
xX
381 2% 2
=g \\/
e=@==\\/d
X Wv Koning
® Wd

E (MeV)

-120 -100 -80 -60 -40 -20 20 40 60 80 100 120

igloanl aliy e Sl el A alh ) AN o (2)d Sl

Leiylias pagpaall Gl Jlaal) o (P, P°Rh) dashaiall (Rndaully daanall)

120] sl oo
ol Aala UL Lty Sl ) il 5(2) S (e Bl
pend Allail) AL Y Gl (g5 5 miiiall ) Jlaall i Jelith e (s
[3] sl alall 38l e ol Jelil) i (LabaiaV) Aalay) Jelitl oy
el ey A, 5228 pafll canal) Je i) e daail) AS,LSall apaas =4

DL o8 (Ll ) Gt T8 23 (SPI) ge odall (VMA-SPI) gealidl

sl W Jladd) Gaas (P, 2CRA) A shaiall 4008l dpanal)
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

DJr Mev Fm~3

80
60
40
20
—+=DJr - - -
-150 50 100 150
E Mev

ey (P, P°Rh) dashaiall dpaaall DLl @l 480al) A 2 (3) JSall
comaall G3Uall Jladdl

e ol A lly dm el iUl Jlae 8 ilaie 1851 s (3) JSl) (o glagy
Ol 5S35l Salad)

Laghiall Jrp g g5ilay (4igal) [, deaal) el ol 4800 43l -5
Leatigh s Uansll) (1) Jsandl Ahasinly B0 Gagyaall Sl Jlaal) (e dusg padll
Aol asdl) alay) & (VMA=SPI) malipall saeliasg (g2l Ag—uall 5l
Jiad) a5 (P, *°Rh) dashiall dlgi(g5ilels Giall (gl dpanal) clalsill
o Loy Ll 255 (Aaliiall eVl ) ) el 8 Lady sl 3l
(4) Jsa
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1200 7 Jr (MeV FmA3)

1000 - —
— |
800 - Jrk
Jr becchetti
600 -
"
“ ‘V @
400 -
A A "
200 - -
r T T T T G T T T T 1

-125  -100 -75 -50 -25 0 25 50 75 100 125

iy Uy i) 0ol 4y oaly Lpena) D LalSall 4 80al) A1z (4) IS
Sl Jisall 3 (P + %°Rh) i ugynall dashiall (Sg—gpla) sl
[20-21] dmasall Ledliie g \giylie 5 (—80 < E, < +80)

Lraall eDie aas (VMA) 385 asnadll (J) J asad) Gl JSA e L3l
oo ol Thaaia 185k S Jinil (g Jaads S (g0 e 58 LS ol LS
i b Cua 4l Wasale Do [ (B) Gadid 525 i 351680 5alad
(Asail) ) (el bWl il M ceny SglsSl) Salall ddll e il abie
Jeliilly cpall Jeldil ) Jelill 3 il (o S aae 4S50 5al U)Sh LS dagis
ool ey ai 436ST A8l 2yl e el ey ¢ (pal—aial g Ul
- ey (pall Jeliill 5l

SV Gl ully Ep o Aysa) Adlall culys o) W) jedaid 2000 d8LaY 3 W
o3y ¢ lisig nll) linlSeally Ll i)y (B leie (isY) lis—ully EF lga
domayal) LeDlie ae 3155 Ll s Leady Baane Fualy) Ay Cinaa iy )

Cigam pre G elly fs(2) aae (1) BNy palis Jaadly ey 38Ua Jal ek
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

e LY @l LG EY Al Jal e W delall clilee (e dulee 4
sl Q3 (ghms assal o dsms Tandld Ui Al ) f el apd gy
e paial) sl ALGEA) Eg dal e diany Lalfy edleliny paluaial cille
el ) uii] Gl (ghays agiall af Liad 25mp Jaadls (Aihieall) oy dysu
ek Uay ol i (5aS Saaially Jiadal) g 3gaill Baiag Alla Jial Lin laida)
Lasall LG A alall bl jedsy Cum iyl 2 dgaill 4l 531 gl
(s s Gas (e (95aS)) (58 IS e L Jays ALl

Cran ashaiall( - gilas Vy adall) sl ;sesl) sl 43 A -6
Al (Jasgially (adisdl) g yaad) Jlaad)

Zalal) ANy (Ll aaall) 2liselll o oty (1)Jsanll Aibeiny 52l
Leliia o5 288 (SPI-Genoa) 5 (VMA-SPI) (&l 7 Al dle (e daslill
H(6) JS b s LS Loy
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VMA 48 4k aladiuly (P+%°Rh) daghiall bgual) ¢y gasl & dganiil) ALy Ji Al o

140 -
A w V Mev
B Vhf
120 - v = -0.4003x + 59.499
W) ki
——— Vhf)) b 100 1
80 -
T
40 - A A A , A a
20 1 vhf = -0.4587x + 58.917
r C T T T 1
-20 0 20 40 60 80
E Mev

Aashaiall Vyp Agdgsilas V), Jsaiall Jgig ) (psall AUl Al (6) J<al
oyl Bl Jladd) s (P, 26 RA) s adll

GsaSl A nagl) Al ) b agay (gell (2oLl JS AN e Jaads
Ll Laadlyy odlel o83 25 Lo ) gy o ally apd 48l vie Logiliily ial
edliie ga (VMA=SPI) zaliyy (385 doswonal) cilginiall s o8l aall ol
Aaphll ) Gl dgmys Adlal adl) ey 8 OUE (Lealei) Ledhadly Lpnasall
- A b Al aaball (g (A dxid)

0585 bl (gaail) (gl — (gl adl) L) (6) JSEY (e Laadly Lia
Aul dapall A WS Giualy) il Lgie uaill 5 dgdg 5l

Vy = —0.4003E + 59.499 (1)

Vyr = —0.4587E + 58.917 (2)

Bshd JS Jal e lisall) IS5 Caragiy wand il opils P e (S
Aalag Geg el Ul Jladl) e 48l
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

gl Aeghaiall Syl igig ol igeSH phad i il dal) Al =7
[20] dmasall @Dy 20aall 8l Jladdl Gauins (P, “°RA)

aill Jiai (1) Jsaadl 8 sa)lsl) bl cpas (VMA) Lipl e slaieYlys &
VMA-) Gl alatinly Lgumal) gl g5l (ysasl) Uil Colasl) £l
p ol (7) JSED 3 Ll Ay paal) daslasall (SPI) ¢ (SPI

13

iy '\/

==g==ry koning

E Mev

(0 ¢]

-150 -100 -50 0 50 100 150

Fung ) Raglanall g amall gl (pasl) I il AU AN £(8)JS )
¢ [20] Gmaall Ledlias anglay Guspiall SN Jiaall ey (P, %Rh)
[20]a el Jidsill s e LeDlfa ) ASLaY,

Lol ey Cum oy 5aSll Jiliaally @Dl Slgl ) Slall Jsiall (e (e s WS
el el dad Jpeasl) ) A8UaD L)l ae Tayl dmiiiall Wl Jlase b
oo el of () @lld (ghag ¢ ALl L3l Lawy Laliasly oI Salall a8l
A sl L dsiall 3538 5alar Cojnle 4S5k Unsale T flay 51500 Salall
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VMA 48 b alaiiuly (P+2RN) daghiiall b gual) ¢ gasll A dgaaiill ALY T Al

U 5 el Jelall) Jelall eyl auead ALl 2S5 Gall dags oef
Dselal) 1aag ¢ SV e ald g sl 1) AL dal) i ey (paloaialls

. pmall sl b Apagl A8ay) dag 35050 5l

o s Jal o [20]amsl) pf ey o uad) GH BSOSl (g L
e ) Gl o ae) [20] aasall oY cally adll e Leidlaaly ddlal)
Lalal) bl Jas e liad 3 el e a3l Jaaly Loagl ¢ 43Ul dals

[20] palyad) SV Caliail,
L0l B Jlae 3 bl isiall Hlalially Jileal) @lsladl Jaadl L
& d—a i Alaid) ellh Ayl iall Bac aSay sa5 aslie ISy (S

Dselall ) (orms A8 223l 2ak & e 5 e A8l Aegd) Allie dagd (il
Al slalial) el b aliaia¥) gl Jasl)

Sl Jad) 3 (P, %5Rh) dashaiall Jelall ahlia @l 4Lkl a1l -8
Jelill phalie Jalad il (a5 [20-21-22] dpmapall LeBliia 5 4n)lay Gunal
SPI zalindly dsllaally dpmayall

(SPI) 5 (VMA=SPI) 5l alasi ol maydl dadlaally (1) Jsasll alass oly
Ja 2y el alalial oaal) il Y Jagill 5 a L zpally Jaa Lelile e

2(2) dsxall A lemmy g SPI o<l Gaim Taagall jaing pb Alalas
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

(P + 32Rhs; ) Jolish) adalia o oy 4jlia G (2) s>

o Koning o Becchitte o Menet el al o exp o spi o VMA
(mb) (mb) (mb) (mb) (mb) (mb)
1.97 0.001013 - 0.0019638 - - 0.001263
2 0.001245 - 0.0014787 - - 0.001548
3.95 4.07021 - 9.24712 = - 0.64859
5 26.6314 - 57.6771 - - 28.6992
5.92 83.8478 - 156.851 - - 84.7009
10 649.068 - 769.083 730 713.603 629.296
15 1008.66 1050.6 1153.11 - - 978.558
17 1098.59 1147.89 1242.59 1135 1170.67 1063.43
20 1188.81 1247.36 1310.83 - - 1142.95
25 1281.34 1325.62 1349.13 - - 1243.05
30 1328.45 1358.94 1352.29 - 1323.44 1293.83
35 1336.02 1348.92 1328.01 - - 1307.04
40 1329.86 1315.58 1293.22 - - 1307.26
45 1311.87 1264.18 1254.85 - - 1293.43
50 1288.2 1198.89 1216.11 - 1284.08 1275.47
55 1263.37 - 1179.17 - - 1252.66
60 1238.3 - 1145.06 - 1230.46 1229.36
65 1213.39 - 1114.46 - - 1204.99
70 1189.54 - 1087.08 - 1187.66 1181.28
75 1167.03 - 1064.89 - - 1158.23
80 1146.01 - 1045.46 - 1148.72 1136.02
85 1126.58 - 1031.78 - - 1114.85
90 1108.6 - 1021.65 - - 1094.79
95 1092.01 - 1015.95 - - 1075.76

D (8) Jsal b Luly Llaa,
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VMA 48 b alaiiuly (P+2RN) daghiiall b gual) ¢ gasll A dgaaiill ALY T Al

1600 -~
1400 -
1200 - n
X
e=jl=c \/MA 1000 -
B ok
800 -
ob A
600 -
B oM2
X oexp 400 1
200 -
0 T T T T 1
20 40 60 80 100
-200

aaall il Jiaall & (P + 7°Rh) Jelill ahlial 48l 41} 2(8) Js—al
S5l (8) JSall jeday Wdllad ey [20-21-22] Lpnayall Ledliia ay 4nl,
Cangll 3153 Al 5 Adans gy dumiiiia Culilay 45380 Culigigll Jelis plalial Then
e sl ¢ (asdiall Aila) Aaall bl ae o ISl (pe Jaad LSy Cume (P°RN)
9 LS dajiw Jeldll adalie (8 3a0ae il ) Aals Giley e jie dnyy
oo Aab Al o Bdlay 5 3asana A8l Alie diaa dad ) Jsmad)) ) ol
Lajall Hlase pagiad Al el Sl A6 ALl Glld (ghayy . A sl
Caxgll 3158 e ST ol LS gyl A8l cala) LalSa L ciligig sl (g Aoy sl

(7) JSEN (e el Vaay Jobiall L 8 s L sy

Ve o [20-21-22] Fmapal) Ledlia e Uy 1l 3810 Bl
o6 Lkl Badly ¢ [22] gaball e Leaiil Tngiall LU ooy Lima ik
Gub oo Ta Bplie Al ciadiel aaball G 058 dgn il aaball iany

sl (el gl L Walag Cam e (VMA)
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

e (VMA) Zagiall daplall (385 48Ual) AV Jelil alalia 2l pall 33l 18 o)
OSas Ss—all el il ddar ol DA T Ayl o ls s bl
235% 530 (53l Fgaall ¢ paSll A wumigl Cliahll) apaas 8 A8 JISY) Al
LY al s ae fan e aa () pasiie 5l (Lalisind) AT JS Gl )
By A Taile Tols L LS 1aag) Cangll 3153 (e 4853all cligiy pll ladl)
(Aanl) A=) le) le saly (VMA) dipl e e dgshaiall 4l
5 (VMA=SPI) alaaiily dysuenl) Jeliill haliad L) ol oo 1 Talaid Wiy

Ll (3) Jsaally el G (9) ISy dmayall 16Dhie e oS5 Tala Lenl

1600 -
1400 -
1200 - .8 - Ll
—=fl=c VMA & 2
. ok 1000 -
g 800 -
X
E oM2 600 1 &
X oexp 400 -
0 aass ALl () e |
200 | 4
0 . . ' ' '
20 40 60 80 100
-200
Amiiaial Ll Jlae 3 (P + P°Rh) Jelil) plaliad 28l A1) (9)JS sl

Aua ALa) (s [20-21-22] Aumayal) LeDUia pe Aanssiall
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VMA 48 4k aladiuly (P+%°Rh) daghiall bgual) ¢y gasl & dganiil) ALy Ji Al o

:(3) Jsaad)

28Rhs; J oyl alaie e dpoadll dalay) il dasy laie cn (3) Jss

E 0 dala) ge pdaidl G5 paidll | AlaY)ded ALY A
(MeV) Agad dgaas ddl) %
1.97 0.001263 0.003567 -0.0023 -182.463
2 0.001548 0.00167362 -0.00013 -8.08427
3.95 0.64859 5.28691 -4.63832 -715.139
5 28.6992 31.3628 -2.6636 -9.28109
5.92 84.7009 87.1619 -2.461 -2.90552
10 629.296 607.843 21.453 3.409048
15 978.558 969.999 8.559 0.874654
17 1063.43 1060.47 2.96 0.278345
20 1142.95 1151.95 -9 -0.78744
25 1243.05 1235.49 7.56 0.608181
30 1293.83 1287.38 6.45 0.49852
35 1307.04 1298.39 8.65 0.661801
40 1307.26 1294.99 12.27 0.938604
45 1293.43 1279.82 13.61 1.052241
50 1275.47 1260.64 14.83 1.162709
55 1252.66 1237.71 14.95 1.19346
60 1229.36 1214.47 14.89 1.211199
65 1204.99 1190.45 14.54 1.206649
70 1181.28 1167.25 14.03 1.187695
75 1158.23 1144.84 13.39 1.156074
80 1136.02 1123.34 12.68 1116178
85 1114.85 1102.89 11.96 1.07279
90 1094.79 1083.53 11.26 1.028508
95 1075.76 1065.19 10.57 0.982561

tliagilly Cilalizuy)

iashaiall dplailly dyadl) Jelal) alaliey diliall Gl Julss e —(1)
S Jagill 25 ((SPI) 3580 alasi ly ag el Ul Jlaall b (P + %SRh)
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Al a sl Al e daala dlaa
Gl da > PR R ) dla 2025 ale 14 2aad) 47 Alaal)

S S el 3 gl e el (5l Ay eatigh R (o e gana

Aaalag (s Al dpuied) S i)yl

D) e Ll gaagl) JSsaal) zisall  (VMA) 480 Ll gy Laay —(2)
slag) & a8 (sl —osh) ABle DBA e gaaadly sl Lela aegy daasl)
tots (VMA) J dpigl s Uaussl

B, = 94MeV Fm?3 p, = 52MeV pw = 3MeV
Ey = 395MeV  E,=197MeV  Jyp = 501.235 MeV Fm?

Al il dallas (SPI-VMA) aaliydly (VMA) Gk alass by 5 —(3)
Fu ol (Rsasal) 0Ll ) Asll Al e agsall dpsaadl el ) Ja gl
B s e g gaall (5l Leaily adal) 5l
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Numerical Solution of the one-dimensional
Heat Equation Using the (SM-RG)
Algorithm

(1)Prof. Brillant Sabry Matit

(2) Qutaibah Ahmad Ali

Damascus University - Faculty of Science - Department of Mathematics
Abstract

This paper presents a numerical solution of the heat conduction equation
using a random grid approach called the SM-RG algorithm. The research
aims to develop a finite difference scheme as one of the effective
numerical methods for solving partial differential equations. The SM-RG
algorithm relies on random point distribution within the computational
grid while incorporating improvements to the difference equations to

enhance numerical stability and increase accuracy.

The study involves applying the SM-RG algorithm to a one-dimensional
heat equation, detailing the implementation stages, including modification
of the difference equation and treatment of boundary and initial
conditions. The results demonstrated that the SM-RG algorithm vyields
higher solution accuracy and reduces the error rate.it should be noted that
the method employed in this study is ineffective for non-simple and
irregular regions.

Keywords: partial differential equation, the 1D Heat equation, Finite
difference method, CN method, SM-RG algorithm.
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Dk Gaginall (33 al) Al el amdsnll sela pa Lol Alggan a3l dpgtial
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Al o ixy 138) Aaliiie g Aagus duhall dilaie ()5S5 Laxie dggiial) (3l Ayl ariind
Asgpaall Alsall dilaia oy 2y Cu (Aalsiiall e g Alapundl e 3haliall Jaf e dllad e
Lea o Joans elld aagy doaad) Jlsall (e Lol Lay coliaiiadl Jlagindy dalsine 405 )
ae 3aL5 A AN 8y sal Jal ey cppdladl @hhll lelas dbadll cV bl (g
dapla Jie aaal) @kl ) Il Gelad cAdadll 4yl calead) dae alagy 0l s ool

Ja gl
[5]:The One-Dimensional Heat Equation aalg i, ‘_,A sl dalaa .2

AAIY) adll Jloe A8l agiin & caaly 2 8 Bhal) Alae izl 3l 53 fa

gaall Lagpally ) dally el Alslee Gauai illy cgaal

126



Aol aslad) Al wass daaly dlaa
huba g jua @il 2] () deaf 4B 2025 als 14 s) 47 alaal)

bl 4058 oale D SH Y
s A ) el pha B pe phal) G 1
.ﬁ)bahjq)ﬁhs@mhﬁueu;@b\);\\hél

Fanilly Byl A sk Jixe s Aalusal) ol o sl o s e sl 305 Jna .3

dalial @l e 240 gaall diliall
solal) Aolee - i : Ll

Gulsall o Gayidily ((cm?) saas Saliine dae adaie 53 (uilatie Caad Wl sk
ol el o dagac s Ay)l5ie yhall 3820 Jashad (5585 G )l all Ajle Balay Blaks
B & poaly (1 0D ) xsaall olaslS (38l olatly fae A0S oy k) aaf 221§
@whall Jsasill k 5 (cal/g deg ) saas doe sl ) ixdl a5 5 (g/cm3) sass

.(cal/cm deg sec) sass

@hall Gaxd o(1)Jal

127



(SM-RG) 43 g3 aladicly 3a) g 3 (B (5 ) adl Jrea gil) dlslaal ganad) Jad)

dagd L) s AU 1Y L 0AkE (e Al die 3)all Ay Jaa u(x, £) ol gl
Aagil) sda 8 Byhall £paS (2) Tanall (335 438 ccapmill o AxASlansy dagyd (e 3yl al
DL s (slab)

slab = spS Ax Au
Jara G 3l as) <5pS Ax Aupis) dagyill oda 8 5)hall 30l Jaze Gl JUlls
sl Jall syl Gaxs
spS Ax Au; = R; — R, (4)
By Aagydl) (e lally JAIA 8l 385 Jaee M5 e Lo R, 5 Ry of Cus
i dalie e Jin Al syl G ) syl i) Jas of Lays -(cal /sec)
tasd sl axd (3) Taall Ty pa3l) sany 3 xHaY) vie S e
q = —ku,S
ro) i 13 e o oball daagill anly Cipedy anall sale e adiny il 4 ks

ou Jdu
Rl = _kS (a)x and RZ = _kS(a)x_l_Ax

tle deani (4) (B sl o(1) Tanall dai 2L 3)L3Y) el

u

ou ou
spS Ax Fri —kS (ax) + kS(a)xMx
X

u u
ou . k (ﬁ)x+Ax - (ﬁ)x
ot sp Ax

128



Aol aslad) Al wass daaly dlaa
huba g jua @il 2] () deaf 4B 2025 als 14 s) 47 alaal)

33l ((cm?/sec) sans @hall SN Jalae sl Cagyadl (€2 = ﬁ)ﬁﬂ‘ ) e
oolate cumd 3 3l Jeasi Ables e (ot Ax — Olesic 4l

ou_ 0% 0<x< t>0 >0 5
ot ¢ oxz XS o ®)

sl
U =c%u,, , 0<x<a, t>0, c>0

s a5 coball Jrasill Aalea 5l (ghall HLEY) Aabee sl 8yhall alee Loal ansis
235 5l eball Jpasill Cosl (AS baaill (g0 Zpl Ayl e Bl Aia Al
u = u(x, ) 30 G sy amy da phall ibed (5 ing L alual) 8 5l

Bl dayd elac) 2y ¢ = Oledie &0 Liapds Allsall dapday (3lai Gpas Jag g 4800l dag 5
:L..gif(x)gsjl.uﬁ

u(x,0) = f(x), 0<x<a« (6)
L) TSIl Cayey aa
sigaad) Jag il e Jians ds yaal) dibaial) sgan o Al dad o lac) die

u(0,t) =T, , u(o,t) =T, , t>0 (7)
Alaall 038 Jaly cipaal) 35051 ail) Alisa (7) 5 (6) Tospally W358l xie (5) 38D J<

SM-RG aaj i3 Leba s ills cginall (35 il Ayl p2iiins

[6]:Approximate Finite Difference dsgiiall 34 8 @iy 8.3

129



(SM-RG) 43 g3 aladicly 3a) g 3 (B (5 ) adl Jrea gil) dlslaal ganad) Jad)

s A o e 5 L Auloalatl) Alalaal) 6 culiifial) i e Gpgtial) (39580 A6yl aaiat

(aU) ui+1’j —

U, = | =— =

0x i,j Ax

u = (6_u) _ Uij+1 —
\at/y At

gl (95 4 s
(Forward differences) dwagll 3,4 o
fd ) Al e ciliidl

i+1 Uiy Uiprj — U

ui’j u
+ 0(Ax) = v = -

Lj+1 — Ui Ugje — U
At k

ui’j u
+ o(At) =

1Al A8 yal) e lEiial)

02u Ujyp i — 2Ujp1 i T U
Uy = ( ) — i+2,j i+1,j i,j + O(AX)

axz ij (AX)Z

Ui = 2Ug T Uy
(Ax)?
L Uigj — 2y T U
= =
- (62u> _ Uijez ~ 2Uijn Ui +o(A0) Ui jyz = 2Uj g + Uy
o \atz/ (At)? (At)?2

L Wijip = 2Ugjaq T U

k2

(Backward differences) dualall 3,41 o

130



Aol aslad) Al wass daaly dlaa
huba g jua @il 2] () deaf 4B 2025 als 14 s) 47 alaal)

t A Al (e clgiial)

au u--—u-_l. u..—u._l. u..—u._l.
U, = <_) ) Ly 0(Ax) ~ ij i-1j _ Zij i-1,j

ox/;j Ax Ax h

au U; ; — U; i—1 U;: : — U i1 U: : — U; i—1
U, = <_) - _4 YT o (At) ~ LJ Lj-1 _ iy i,j

ot/ ; At At k

1Al A yal) e ColEiial)

02u uij - Zui_lj + ui_zj
Uy = |77 =— ' ~+ o(Ax
xx (0x2>u (Ax)? (8x)
Uij— 2Uj_qj+ Uiz
(Ax)?

(Central differences) 43S yall (55811 @

t Ay Al (e clgiiial)

ou Uiyy,j — Ui-1,j Uiyy,j = Ui-1,j
= |— = . 4 A 2y ~ 4 i
ta (ax>i,j 200 oA 2(Ax)

Uit1,j — Ui-1,j
2h

131



(SM-RG) 4l 53 aladialy aalg sy (B (5 ad) Jra sill Aalaal gasal) Jal)

at

au U ; — Ui i U ; — Ui i
u, = ( ) — [,j+1 Lj—1 + O((At)z) ~ i,j+1 i,j—1
ij

2(At)
Ujj+1 — WUij-1

2k

2(Ab)

1Al Ayl (e Chldiial)

<62'U,) _ ui+1‘j - Zui‘j + ui_l‘j

U = | —— =
> 6x2 i,j (AX)Z
Uiy, — 22U U
(Ax)?
Uiy~ 2U 5t U
— -
_ (62u) _ ui’j+1 - Zuilj + ui'j_l + O(At) ~
o \aez/y (At)?

L Wi = 22U U g
= p

+ 0((Ax)?)

pj+1— 2U U

(At)?

[7]-(SM-RG) Sanaullah Mastoi-Random Grids 4w} lss . 4

sk <2020 4le Sanaullah Mastoi daaldl U8 (e 5ye Js¥ SM A ylsd a3

4ly 5 RG (Random Grids) Lilsde salse ilSad oLt IR (e dsajlsliSanaullah
ol Sanaullah Mastoi \ge Juas 3l bl cjelal G gginal) (358 Aagyla (penil
Jolall 483 Gundy gyl Ll 38a3 Lilpie 3alpe ulSd o dpgiiall 35 ) dipla Gl

Al Tl Jlgdal) sl (2) S sy (ladll Qi DA (e dag yhaall Jilasall

132



Aol aslad) Al wass daaly dlaa
huba g jua @il 2] () deaf 4B 2025 als 14 s) 47 alaal)

A

ASual) Talal ) sal) ayysill £(2) JSa
:SM-RG 4,165 .5
o s [8] ABlaaY) glaall o dflsie Ll a5y (=il SM-RG iaplss 358 )
Lo dad i sl Gooill Fhh e A8k Galai & clalaa)
:SM-RG 4w ),lsa gl

gy slaall e Jlsde (S8 LGN a5 o
ggtial 3l Bl m e ik ST o
S YA gaa) 33y 3ylaal) Aiplll 5 6l Alblee Juaed @

1.k, = minimum(kj_l,kj+1) ,  hpin = minimum(h;_q, hj1q)
[8-11]
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3
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= —0.81T33 + 3.62T, 3 = 1.608479653 (3)
j=2,i=3dsl e
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e, = /rf +rZ = 8.386894539 x 1010

75| = 1.608479653 + 0.81T; 3 — 3.62T, 5 = 1.56 X 10710

Iry| = 3.085146319 — 3.62T5 5 + 0.81T, ; = —7.1243 x 1078

e; = |12+ 12 =7.12431708 x 108

P h alae ) Uadll a L

emax = Max(e;,e;) = 7.12431708 x 1078

Apgila b ) Jal

(i'j) kavg h A

avg

(2,2) 0.05 1 0.45
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(3,2) 0.05 1 0.45
3

(2,3) 0.495 1 4.455
3

(3,3) 0.495 1 4.455
3

s AvgAa A SM-RG Aae ) 5x s () 5ul€ys ol € Ay ylal Tuginall (59 54l Alalae Jaad]
= 1dal e
g Tivnz + 2 (14 Agp ) Tz = Ay, Tio1z

avg

= AaUgTH'l'l + 2 (1 - Aavg) Ti,l + A Ti—l,l

avg
(= 2lkaie
_0.4‘5T3'2 + 2.9T2,2 - 0.4‘5T1’2 = 0.45T3'1 + 1.1T2’1 + 0.4‘5T1’1

tha g il (e BaldlsY by
—0.45T;3, + 2.9T, , = 2.009006043 (D
il = 3lkae

_0.45T4_’2 + 2.9T3’2 - 0.4’5T2’2 = 0.45T4_'1 + 1.1T3‘1 + 0.45T2'1

thag il (e BaldiY b
2.9T3’2 - 0.4‘5T2'2 - 3.125672709 (2)

1(2)5 (1) Oidabaal) dlaad & sl Jally

T, = 1.214560289 , T,, = 0.8812269563
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j=2 i e

_/‘langi+1,3 + 2 (1 + Aavg) Ti'3 - Aangl'—l,:;

= Aangi+1‘2 + 2 (1 - Aavg) Ti'z + /1 Ti—l,Z

avg
i = 2l

—4.455T; 5 + 10.91T, ; — 4.455T, ; = 4.455T, , — 6.91T, , + 4.455T ,

tha g il (e BaldlaY L
=> —4.455T;3 + 10.91T, 3 = —0.6784121805 3)

i = 30l o
_4.455T4_'3 + 10.91T3’3 - 4‘.4‘55T2,3 = 4.455T4_’2 - 6.91T3‘2 + 4‘.4‘55T2,2

tha g ydll e BalELLY Ly

(8)5 (3) o sl izl a1y
T,; = 04582888445 , T, = 0.124555107
Avgla & Lhall Clal
|ry| = —0.45T5 , + 2.9T, , — 2.009006043 = 2.2 x 10~*°

|T'2| - 2.9T3'2 - 0.4‘5T2’2 - 3-125672709 - 1.235 X 10_9

ey = |r? 412 = 1.254442107 x 10~

|rs] = —4.455T; ; + 10.91T, ; + 0.6784121805 = 1.05 x 1011

I7,| = 10.91T; 5 — 4.455T, ; — 4.443254493 = 3.265 x 10~1°
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e, = /r% + r7 = 3.266687925 x 1071°

: s ealac ) Uadl) o8l

emax = Max(e;,e,) = 1.254442107 x 107°

‘maxda ot Al Ja

(l”]) kmax h Amax

(2,2) 0.09 1 0.81
3

(3,2) 0.09 1 0.81
3

(2,3) 0.9 1 8.1
3

(3,3) 0.9 1 8.1
3

tmaxda 8 SM-RG dae))) sa o 0l @l € 4yl duginall (39 jal) dalaa Jand
o= 1dal (e

_/‘{ Ti+1,2 + 2(1 + A

max

max)Ti,z -2 Ti—1,2
= l Ti+1,1 + 2(1 - Amax)Tirl + A

max

max

Ti—1,1

max
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i = 2laie
—0.81T3, + 3.62T,, — 0.81T; , = 0.817T5; + 0.38T,, + 0.81T; ;
tdag pil) (pe 52V s
—0.81T3, + 3.62T,, = 1.697236879 €Y)
ti = 3levic
—0.81T,, + 3.62T3, — 0.81T,, = 0.81T,, + 0.38T3, + 0.81T,,
tdag i) (e 5208V
3.62T;, — 0.81T,, = 3.173903564 (2)
1(2)5 (1) oftlabaall Alead & jidal) Jall
T3, = 1.033417637 , T,, = 0.7000842998
j=2 dal o

_A Ti+1’3 + 2(1 + A

max max)Ti»3 o Amax Ti_1»3

== /1 Ti+1,2 + 2(1 - Amax)Ti'z + A

max

maxTi—l,Z
(= 2lkaie
_8.1T3,3 + 18.2T2’3 - 8.1T1’3 = 8.1T3'2 - 14.2T2'2 + 8.1T1‘2

tha g ydll (e BalaisY by
=> —8.1T;33 + 18.2T, 3 = —1.570514197 (3)

i = 3dal e

_8.1T4_’3 + 18.2T3'3 - 8.1T2‘3 = 8.1T4_'2 - 14.2T3,2 + 8.1T2'2
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tda g il (e 3oLy L
= 18.2T;3 —8.1T,3 = 7.196152383 (4)

1(4)5 (3) Oslalaall dlead & il Jally
Ty3 = 04451636049 , T,; = 0.1118302749
maxia 8 Uadll Clual
|| = —0.81T3, + 3.62T,, — 1.697236879 = 3.06 X 1010

Iry| = 3.62T;, — 0.81T,, — 3.173903564 = 8.98 x 10710

e, = /rf + 12 = 9.487043797 x 1010

|r5] = —8.1T5 5 + 18.2T, 3 + 1.570514197 = 4.9 x 1071°

7| = 18.2T; 5 — 8.1T, 5 — 7.196152383 = 5.1 x 1010

e, = /r§ +12 = 7.072481884 x 10710

P h alae ) Uadll a L

emar = Max(e;,e,) = 9.487043797 x 10710

Haliie 4S5 Alls 8 Al Jail Tl

rathill jsaag Jualsdll Headll o aliiie die asie 30
_{01 2 1}-h—1
X = 13131 ) _3
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c=fo. b 20} e
- 13131 ) _3

_){'Ti+1,j+1 + 2(1 + A)Ti,j+1 - ATi_l.]""l
ak

= ATi+1,j + 2(1 - A)Tl,j + ATi—l,j ;/1 = ﬁ

k . . v - %
A:%:g;dpwJM\x&@M\mo\w

J = 1dal e
—ATi12+2(1+ )Ty — ATiy5 = ATy g +2(1 = )Ty + ATi_y 4
i = 2Laie
—3T;, + 8Ty, — 3Ty, = 3Ty, — 4T, + 3Ty,

.La})ﬂ\ e BJG:\M‘};L}}

4 — 343

_3T3'2 + 8T2'2 == 6

(1

= 3laie
—3Ty, + 8T3, — 3Ty, = 3Ty, — 4T3, + 375,
tha g il pe 5l

26 — 33

8T3'2 - 3T2'2 - 6

(2)
1(2)5 (1) Oilabaal) daad & yidal) Jally
T3, = 0.4936415859 , T,, = 0.1601282526
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j=2 a0 o
—ATip13 + 2(L+ A)Ty3 = ATi_q3 = ATyyap + 2(1 = )Ty + ATi_q
(= 2l
_3T3'3 + 8T2‘3 - 3T1‘3 = 3T3‘2 —_ 4T2'2 + 3T1’2

tha g il (e BaldLsY L
= —3T33 +8T,3 = 0.8404117473 (3)

i = 3dal o
_3T4.,3 + 8T3,3 - 3TZ,3 = 3T4.'2 - 4T3'2 + 3T2,2

thag ydll (e saldiaY by
= 8T3,3 - 3T2,3 = 4‘5058184‘14‘ (4)

{(4)5 (3) otllaal Alaad & il Jally
Ty, = 07012324101 , T,; = 0.3680136222

maxds B aall laal

4 — 343
lry | = =3T3, + 8T, — —— = 5.399997822 x 10~*

26 — 33

|1"2| = 8T3’2 - 3T2’2 - = 1439999851 X 10_3

e, = /rf +r2 = 1.537920458 x 1073

|T‘3| = _3T3’3 + 8T2’3 - 08404’117473 = 0
|ry| = 8T33 — 3T,3 —4.505818414 = 2 X 10°10
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e, = /r§ +r2=2x10"10

: s alac ) Uadl) ofd Jully
emar = Max(e;,e,) = 1.537920458 x 1073
:mu‘a‘g G_ﬂlﬁ\ .7
£ 55 (e Agan agyd aa daly 3xd 3 Byhal) Abbed gaxall Jall e duhall o3a adiad
Lgiiall (35 ,all Aipylal Jaaed S Al SM-RGase)ylsd alasiiuly Jlxil Jaydis 4408 500
:\.g_k; ‘}yo:\jj
Al Ll Hgdall oyl @
LGl e 3 COleleall Qs o
el il Jydas
& (SM-RG)Afa) AWl aladiu) xSl cell e
Gl Ghh e daslll cUadY) o jaal 2Wadl (min, avg , max) <y
Aaslll e UadY) o815 (e Jliy Bl Shpdiad) a3 sil) o G gmy ol cigginal)
Aaliind) i€l U oo
sl jlam) 8 aSanl) ) s g al) Alabee COLabae Jaes 3 Aigpall @

Aaiingl ey ddapa) e shlidl Jal e dlad e 45,00 e

Gluagilly claliiiuy) .8
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Shall daleal dpane Jola alay) (o USE Eun SM-RG A )lead Jalaty dufyall o288 Liad
SM-RG geylsa of golil) copelal Lagdi s 55 (e Agan Jagpiy i) oyl ae dlialil)
ol lasall aaxi] Jlanal) oy 138 35 ) jal) Alslaal dalaiiall cilSuslly 43 ek Jolall e 48y 36

P ey cdandl 138 Bl s i) A

(awally Capsall) ) Sanl) Aok
Agalai® g Al dn el

glual) sl Sualiny

sdiaall dalal) alolall nnell dadadl

BT s Laa Al Tpne Bh po lened Gl e SM-RG e lss ppent (S LS
LRSI R (NEON - B A ENPIEE RTER BRTLEN
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