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Abstract:

In this work, a weighted Holder function that approximates a Jacobi polynomial which solves the second
order singular Sturm-Liouville equation is discussed. This is generally equivalent to the Jacobean translations
and the moduli of smoothness. This paper aims to focus on improving methods of approximation and finding
the upper and lower estimates for the degree of approximation in weighted Hélder spaces by modifying the
modulus of continuity and smoothness. Moreover, some properties for the moduli of smoothness with direct
and inverse results are considered.

Keywords: Best approximation, Jacobi Polynomials, Moduli of smoothness, Sturm-Liouville equation,

Weighted Holder spaces.

Introduction:

Many problems of differential equations are
reduced to orthogonal polynomials or algebraic
polynomials, such as Jacobi orthogonal polynomial.
There are widely applications to expand the Jacobi
polynomials in science and engineering, for instance
electrocardiogram data compression and the Gibbs’
phenomenon resolution®=. Also, the approximation
of weighted Haélder functions and some results on the
approximation methods which are defined on
weighted Holder spaces have been considered *°.
The significant methods are applied for Fourier-
Jacobi operators in periodic weighted Hdolder
spaces®®. Properties for moduli of smoothness and
approximation's degree of functions in weighted
Holder spaces have significant applications for
general theory of partial differential equations in
non-smoothness domains and estimates of
asymptotic®°, Also, numerical applications for
modeling of fractional differential equations in
applied sciences and engineering to the natural way
have been considered in important studies*’.

This paper aims to improve the previous results in 8
and that get the functions in the Holder spaces which
have best approximation by Jacobi differential

operator to a 2™d-order singular Sturm-Liouville
type equation. Moreover, estimating the upper and
lower bounded for the degree of approximation in
weighted Holder spaces is considered. Also, some
properties of the moduli of smoothness that help to
get a good approximation on the weighted Holder
space.
Consider the space of all
measurable on X =[-1,1]
space is denoted by

Lop(X) = L2 (X) = Lp(X; @ap), 1 <p < oo,
which has a finite norm

1/p

fllgp = ( J 161 09 dx> ,

where the Jacobi-weighted function
©=@ap(x)=1-%2(1+xPonX,

witha,b € (—1,+). In the case a=b =0, the
space L, (X) = L,(X; @0,0), is considered with finite
norm. Orthonormal polynomials and Sturm-
Liouville theory and their applications are considered
in significant references’®?°. They are linearly
independent solutions to second-order Sturm-
Liouville differential equation

functions which are
and weighted. The
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@@+t b+1)(x) +n(n+a+b+1)

(p(ab)(x) f=0 xeX ..1

The Jacobi polynomial of order n, PP (x),n =
0,1,2, ... is a solution of 1 and it has been defined in
special forms?L. Let us define N — dimensional space
Sy =span{x™: 0<n<N-1}.

Forany —1 < a,b < oo, every Jacobi polynomial of
(a,b) —class is orthogonal under the weighted
L,2(X)- inner product

al

0 n # m;
(a,b)p(ab) a b _ ) )
P, P 1- 1+x)°dx =
fx B (1 - 202(1 + 0Pdx {Nn(a,b)n _
The normalized Jacobi polynomial
1@ x) = PP 0 /MEP, n=012,..

where ]\fn(a ) is the normalization constant given as
”Péa'b) ” =MD Let feELyy(X),1<p< o,

a,b > 0, which has the Fourier-Jacobi's series as the
form

f(x) = Z NP £@D) () @Dy 2
and the Fourler coefficients has the form
FEP (f) = f FOI () @) dx,

The expansions of Fourier-Jacobi are approximated

to the operator TlEa'b), where 0 <h<&<mon a
function f € L, p(X) with expansion 2 by the form

k=0,1,..

TEDf(x) = Z FED (NP @) (cosh)

j@ ey 3
where the operator Tﬁa'b)is p05|t|ve18. If f€ Lyp(X)
and 0 < h < §, then it is easy to get from 2 and 3,

that
]
@p

where the restriction o > 3 > —1/2 is guarantee to
get the inequality 4 can be satisfied.

< [Ifllg,p 4

Preliminary Results:
Letf€ Lyp(X),1 <p < oo, andr > 0 then the r-
th symmetric difference which is constructed by the

Fourier-Jacobi operator T}Ea‘b), is defined as
@b) _ @b))/?
A& = (1-13Y)

- i(—nk (é) (Tlﬁa'b))k .5
k=0

where I represents the identity operator. Also, the
definition of the r-th order weighted modulus of
smoothness is defined as

Wi (£,8)pp = Oi%ES ”Afﬁb)f”@p '

and for h > §, let us define that
wr(Eh)gp = wir(f,8) g p-
Now, consider the weighted Hdolder spaces with
respect to the general Jacobi operator T}Ea'b), which is
denoted by Cgh(X). For any weighted Halder
function f € Cru (X) u>0 iff e L,,(X)and
”f”(;(rpf‘p(x) = ”f”(p,p + |f|Cr¢pl,lp(X) ’ .. 6

is finite, where
wr(fh)pp

Mleghoo = 3w

Moreover, let 0 <pu <r<k<oo;1<p < ooand
for any arbitrary constant C, then the norms of a
weighted Holder function f in weighted Holder
spaces Cy',(X) and Ck*l (X) that are equivalent:

(64 ”f”Cr”(X) ”f”Cr”(X) < c? ”f”Cr”(X) 7
Let us con3|der the modulus of smoothness for the
weighted Holder function f in CZ%(X), 0<p<k,
such that

Wr(f: h)(p,p
W (f t)cru x) = oi%EtT .8

More properties of the modulus of smoothness on the
spaces Cy', (X) are in 2018 °.
Consider P, = {P,: P, is an algebraic polynomial of
degree at most n}, and the degree of approximation
for any function fe€ Ly,,(X) by algebraic
polynomials is well-defined as follow :
En(Dpp = b inf |If—Pyllgp, n€N.
n€Pn_1
Where P, € P,_ is an algebraic polynomial of the
best approximation of f € L, ,(X). The following
Jacksons type theorem in L, ,(X) is mentioned in *,
”f_ p”(p,p = En(f)cp,p;
which is called the Jackson-type form in L, ,(X).
Also, P € P,_; represents a polynomial of best
approximation for a function f € C', (X) if
”f_ P”Cr,u »X) = En(f)cr'u X’

n(f)cru(x) 1nf ||f P, ||Cru(x),l’l € N.

Let us consider the dlfferentlal operator

-1 d [(p(a+1b+1) d] 9
(p(a b dx dx
LR = A PP A =k(k+a+b+1),
where the Jacobi polynomials are the eigenfunctions
of L. Let us construct the Fourier—Jacobi series S €
Ly p(X) of a function fe Ly, ,(X) for r > 0 such
that it has the form

S(x) ~ Z(}\j)r/z Nn(a,b) ]j(a,b) (x),

where the notation S = LT f is considered and L*f is
called a fractional derivative of the function fwith
the order r. The generalized ¥ -functional term for
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the differential operator L' to estimate the results of
best approximation for a function f in the weighted
space L, ,(X) that has been discussed in ¢, where

]Cr(f: h)(p,p = lglf{”f_ Pn”<p,p + hr”LrPn”(p,p}-
The natural relation between X .-functional and

moduli of smoothness is also observed in 4.
For f € Ly p(X),86 > 0,and r > 0, then

K, h)pp = wr(fh)gp,0 <h <8 .10
and for P € P, _4,
h' [[LPllgp = We(P,h)gp - .11

Now, the preliminary results are considered and they
will be identified in the next section to prove the
main results. The following lemma is introduced in
4.

Lemmal.Letn e N,0 <h<n™%, andr > 0then
for any algebraic polynomial P, € P,_; and for f €
Ly,p(X) such that

,b
|25 P, op < CWrEgp,

where C is an independent constant on f, P, and h.
Proposition 1. Letn € N,0 <h<n™%, andr >0
then for any algebraic polynomial P € P,,_; and for
f € Ly p(X) such that

wr(f=P,h) g < Wi (£ h)pp +wr(Ph)gp.
Directly, the proof of this proposition is satisfied
from combining 4, 5 and lemma 1. It represents a
useful property for the r-th order weighted modulus
of smoothness. On the other hand, in the next
proposition, some properties on the moduli of
smoothness for the weighted Holder function in
Ceip (X), Will be considered.
Proposition 2. Letn € N,0 <h <n™?, r,k,0 > 0,

and f € Cg',(X) then

n oyt
Wi ez o = 2 wr () er o,
where k > r > 0and
u k=ryyt
wy (f,no) CE () < CnkTwi(f, h)cgf;(x),

..12a

..12b

where C is an independent constant of f, ¢ and n.
Proof. This proposition can be proved later by using

and from lemma 1 then
i, =2 s,

< C25Twi(fh)gp,
h™Mwi(Fh)yp < C 2K Th=H w(f, h)g,p-

Thus, the first supremum when 0 < h < o, is taken
to satisfy 12a and then when 0 < t < h. Similarly,
proving the inequality 12b is satisfied.
Lemma2. Letn €N, r>0andf€ Ly, (X) then

En(f)(p,p < CWr(fr n_l)cp,p
where C is an independent constant on n and f. This
lemma is proved directly from equation 4.

Upper Estimate for the Best Approximation:
Depending on the results in sections 1 and 2, the
first main result theorem is proved in order to
estimate the upper bound for the degree of
approximation of the weighted Haélder functions.
Fourier-Jacobi operators are applied to the second
order singular Sturm-Liouville equation where same
strategies and methods which are presented in 12,
Theorem 1. Let 0 < p < min(r,k) and f € C4,(X)
for an algebraic polynomial P, € P,_, then
lIf - Pn”cféf;,(X) < Cw, (£, t)cf;;(X) ,
where C is an independent constant on n and f.
Proof. Assume that a < min(r,k) and P, € P,_, be
any algebraic polynomial and for f € L, ,(X). By
lemma 2 and 6, let us define
IIf — Pn”cgﬁ)(x) = |If— pn”cp,p +|f— Pnlcg%(x)
..13
It is enough to estimate the last term of 13, so
wr(f= Py, h)gp

|f — Pylcre = sup
@.p

¢ (F— Py )

w —P ) w —P )

= sup — =~ 2P L sup — v_Cep
h<1/n h# h=1/n h#

= Il + 12.

By 4,8 and Lemma 2 , then
I, = ntw(f =Py, nHgp

4and 10. Let0 <h <o,and fe Cg!,(X), andby 5 ~ =n¥ | Aﬁ‘fﬁ;‘fi(f— Pn) op < CoM[[f = Pyllgp
then ) < Cntw(f, 1/n)g,p < Cotwy(f 1/m)crn (. .. 14
Af{all},lb)f(x) — Ogl _ T}Ea,b))z fl((x) ,:\Sltslfn ’c:‘treodmas;zﬂ%i\ln;?n 1 then I, should be
=) D' (E) (1)
i=0 1
L = 0<ilili/n wi(f —;S,h)@,p < sw (Wr(fill:l)(p,p + Wr(Pr}:f)(p,p < nuwr(f'n_l)cz;f;(x) +1; ..15

To estimate I; in 15, depending on the results of both
lemma 1 and lemma 2,

w(P,, h)
I; = sup % <e¢n!
0<h<1/n
= Cn*w (f—f+Py,n Dy

w(Py, n_l)(p,p

Thus the estimation of I; becomes
I; < Cn*(lIf = Pullgp + we(En g p)

-1 n -1
< Cntw(f,n™")yp < Cnfwi (fn )Cféﬁo(x) .. 16
therefore, to combine equations14 — 16, then proof
of theorem 1 is done. m
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Lower Estimate for the Best Approximation:

The second result that is a lower estimate for the
best approximation should be proved based on the
auxiliary results in sections 1 and 2. Also, the lower
bound for the degree of approximation to weighted
Holder functions is estimated.

Theorem 2. Let 0 < p < min(r,k) and f € Cy;},(X)
then
i -k -
Wy (f, t)C;;%(X) <Cn* Z:)nzo Zp(r u)EZF’ (f)cféh‘o(x)
where C is an independent constant on n and f.
Proof. Let P, € #,_4,n € N be the polynomial of
the best approximation of f € Cf[;fll,(X) in the case
p < min(r,k) and for any m € N U {0} such that
2Mm~1 <n < 2™, Suppose that X5 p" TE, (Do p
is finite. Then let us consider
fE sz + Zgo=m(P2p+1 - PzP). 17
From 17 and proposition 1, then
1 B
wy (f, 1/n)c$%(x) < wy (f — Pymya, 1/n)Cféﬁ)(X)
+W:.1(P2m+1, 1/n)c$%(x). ..18
Then by applying the Holder inequality and 7, the
best approximation is
En(f)cf‘;%(x) = Png}{q”f_ Pn”(;{‘;%(x)
=, inf {If=Pullgp +1f=Pulcra o}
Z pi0f M= Fallop +, i IF=Falcgs oo

n-1

Choose n = 2™*1 and from 6 and 8 then
Epnos e 0 2, inf {IF=Pamealog o |
= |f - P2m+1 |CZ;%(X)
= sup wy(f—P,m+1,h),,/hH
h<1/n

+ sup w.(f—Pym+1,h) /0"
h=1/n

= Wllil(f— Pym+1, 1/n)c$%(x)

W (f — Pymy+1, h)(p,p

+ su
hZII;)n h#
Then
H (f P 1) < |f — Pym+1]
Wi 2m+1,rl op = om+1 CZS%;)(X)
< E2m+1(f)c(ré,p;)(x). ..19

By lemma 2, 7,10 and 11 then

”Lrpzm*'l”(p,p < ||LrP2 _Lrplllcp,p

+ Z:)n=0”£rp2p+1 — LPyp ”(p,p
S er(Pz - Pl’ 1)(p:p + ngl=0 Zpr
X Wy (Pgp+1 — Pop, 2_(p+1)))<p,p
< ClIP, — Pyl cym,2(r-n
<Cll 2 1”(:(&)()() + Zp—o
X ”P2p+1 - PZP”CQ%(X)

< CE1(fere ) + CEpto z(Pr—u)Ezp(t)C% 0 20

Now, from 20 then
Wy (P2m+1, h) @.p

he ’
Kl Wop _ puer gr

W -1 —
Wy (Pym+1,n )Cf‘;f;,(x) = hs<lir/)n

<C sup

0<hs1/n h* Pomeillop

m
< Cn*TE; (f) e + z 20T WEp (Hern .21
©®,p 4 ©®,p
p=
Choose m such that 2™ <n < 2™*1,  Then the
required estimation follows from 18 — 19 and 20,
then proof of theorem 1 is done. m

In the next theorem, proof of the sharp lower estimate
will be considered for the degree of approximation in

Colp X):
Theorem 3. Let0 < p <r, v =pand fe Cyh(X).
Then the following two parts are equivalent :
. i -
® Wi(f,n 1)(:2;‘*;()() < le:n(f)c(r‘;%(x)z
where h > 0, for some k > v and existing positive
constants C4 and C,.
Proof. Assume that the condition (ii) is satisfied.
From proposition 2, the two inequalities 12a-12b are
satisfied, then
M —p M
wy (£, n(’)cf‘ﬁ,(x) < CCan" " Mwy (£, O')C(réﬁ)(x) .22
forn € N, o > 0, therefore,
M gt
wy (£, AG)CZ;%(X) < CCZ(]: + 7\)\’ p‘W-k (f, G)C;‘,%(X) .
Now, to prove the following inequality
n

n“‘kz p‘(”‘k“)Ep(f)C% < CCuwy (f, Un)CZﬁo
p=0
..23
Definitely, from results of theorem 1 and the form
22, the following estimate

u —
Ep(f)Cr(p%(X) = Wy (£, 1/P)Cfptt)(x) for p=01,..,n
is valid. Then

n

ik D 07O DE (),
p=0

n
< CConPXwi (£, 1/n) cra Z p~ (kD)
@,p
p=0

< CCuwi (f, 1/n)c$p; .

Now, from results of ’theorem 2 and the form
23,then for allm,n € N, with & = nm

wy (f 1/d)crn < Ca¥™ e, p_(”_"“)Ep(f)cg%
< CaF™ Xp= Vw_VH)Ep(DcZ;%(x)
+CdH™ Zg=n+1 p_(u_v-‘-l)Ep(Oczﬁj(x)
< CCym*Vwh (£+ +Cd¥™Y
o (12)

n

X Zg=n+1 pv_u_lEp(f)cz;%(X),
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which implies that

1 1
arwt (£2) | - coomtkwl ()

n/crm n/crk

@®,p @Q,p

< Zg=n+1 Cp_(u_kH)Ep(f)cf‘;%(x)
from proposition 2, 22 and by the monotonicity
property of En(f)cr.u X" then

1
(C‘ln“‘ —Cy)mH~ kwk (f —)
Cop™
k—p-1
=< En(f)cfp"”p(x) Zgl=nn+1 p "
Therefore,
U

where, C = C(k, i, C,) is a positive constant. From
24 and (ii); (i) is satisfied. On the other hand, the
opposite direction comes immediately from theorem
1. Moreover, the degree of approximation has lower
bound which is a weighted modulus of smoothness is
considered. m

Applications:
Consider the Jacobi polynomial of (a,b) — class of
order n,

n

=3 (T

D+ D"

i=0
with its norm,
@b _ 2*™"T@+n+Drb+n+1)
. T @+b+2n+DnT@+b+n+1)

which satisfies the differential equation 1. Let us

considerthecasea=b =0
n

1 .
00 _ * n n o .
B = ZHZ(i)(n—i)(X D x4+ D,
i=0
poo _ 20+
! (2n+ Dn!

Then the normalized Jacobi polynomial is valid

n
T = 20+ (n+ 1) - (i)(n—i) (x
1=
— D+ 1"
Letf€ Lyp[—1,1],1 <p < +oo, r =2 and let us

consider the operator T>”,0 <h<n7?, of a
function f with expansion form 3, and it is proved in
5 that

50, <o,
n? | —((X—l)(x+1) ) ||

by 10-11 and 6, then the following estlmatlon is valid
£ -1 =wy(fn Dy 25

= inf{||f

Cob([-1.1])
With 0 < p<2and to estimate the modulus of
smoothness w, (f, n_l)tp,p by the following

-1 _
wo(En7)gp = sup_
0<hsn

where

A6y = f(x) — TOVf(x)
Thus, from 8 and 25, the followmg estimation is
valid,

|t =%

=w,(fn 1) 2
2( )cfp,‘;([—l,ﬂ)

=0(m™) .26
as n - 4oo. Therefore, for 0 < pu<2,0<n<2,
and by applying the theorems 1, 2 and 3; the
inequality 26 as n T 4+oco is equivalent to the
estimates,

Cor(-11D)

En(Dp = 0(n~ W) and

En(ﬂcfé%([—l,l]) = O(H_n), asn — +oo,

Conclusion:

The estimation of a good approximation to the
Holder functions with respect to the second order
singular  Sturm-Liouville operators has been
developed. To satisfy a strong convergent, a special
form of the weighted moduli of smoothness is used
to apply for Fourier-Jacobi operators in expanding
periodic Holder spaces. In theorem 1, The upper
estimate for the degree of approximation of weighted
Holder functions has considered. Also, the lower
bound for the degree of approximation in both
theorem 2 and theorem 3, are estimated. Moreover,
some properties of weighted modulus of smoothness
on Holder spaces in two propositions 1,and 2, have
been proved. Finally, the application is shown to
satisfy the estimates of the degree of the best
approximation.

Authors' declaration:

- Conflicts of Interest: None.

- Ethical Clearance: The project was approved by
the local ethical committee in University of Thi-

Qar.

Authors’ contributions statement:

H. A. ., A.H.K.and Kh. F. Al O. contributed
to the design and implementation of the research, to
the analysis of the results and to the writing of the
manuscript. All authors discussed the results to the
final manuscript.

References:

1. Caruntu DI. Classical Jacobi polynomials closed-form
solutions for transverse vibrations. J Sound Vib. 2007
Oct 9;306(3-5):467-94.

2. Grober OV, Grober TA, Bychkov AB. Convergence to
boundary values in the topology of the inductive limit
of generalized holder spaces. 10P Conf Ser: Mater Sci
Eng. 2019 Dec 1; 698, 6: 066025. IOP Publishing.

1391



Open Access
Published Online First: May 2022

Baghdad Science Journal
2022, 19(6): 1387-1392

P-1SSN: 2078-8665
E-ISSN: 2411-7986

3. Pirumyan N, Stakyan M. Mathematical model of
pressure distribution in the main gas-transport system.
IOP Conf Ser Mater Sci Eng. 2019 Dec 1,
698,6:066022. IOP Publishing.

4. Ditzian Z. Polynomial Approximation and wﬂ’(.,t)
Twenty Years Later. arXiv preprint arXiv:0709.2729.
2007 Sep 17.

5. Grober OV, Grober TA, Bychkov AB. An Analogue
of Smirnov's Theorem in Spaces of the Functions
which are Inductive Limits of some Hoélder Spaces.
Mater. Sci. Forum. 2018, 931: 184-187. Trans Tech
Publications Ltd.

6. Platonov SS. Fourier-Jacobi harmonic analysis and
approximation of functions. lzvestiya: Mathematics.
2014;78(1):106.

7. Abed BN, Majeed SJ, Aal-Rkhais HA. Qualitative
Analysis and Traveling wave Solutions for the
Nonlinear Convection Equations with Absorption. J
Phys Conf Ser. 2020 Jul 1; 1591(1) 012052. IOP
Publishing.

8. AL-Saidy S, AL-Jawari N, Zaboon AH. Best
Multiplier Approximation of Unbounded Periodic
Functions in L (p,n ) (B),B=[0,2n] Using Discrete
Linear Positive Operators. Baghdad Sci J. 2020; 17(3),
0882.

https://doi.org/10.21123/bsj.2020.17.3.0882

9. Aal-Rkhais HA, Ruba HQ. The Development of
interfaces in a Parabolic p-Laplacian type diffusion
equation with weak convection. J Phys Conf Ser.
2021; 963. 1. IOP Publishing.

10. Abdulla UG, Aal-Rkhais HA. Development of the
Interfaces for the Nonlinear Reaction-Diffusion
equation with Convection. IOP Conf Ser Mater Sci
Eng. 2019 Jul 1; 571(1) 012012. IOP Publishing.

11.Al-Smadi M, Arqub OA, Hadid S. An attractive
analytical technique for coupled system of fractional
partial differential equations in shallow water waves
with conformable derivative. Commun Theor Phys.
2020; 72(8), 085001.

12. Abed BN, Majeed SJ, and Aal-Rkhais HA. Qualitative
Analysis and Traveling wave Solutions for the
Nonlinear Convection Equations with Absorption. J.
Phys. Conf. Ser. 2020; 1591 012052

13.Al-Smadi M, Arqub OA, Momani S. Numerical
computations of coupled fractional resonant
Schrédinger equations arising in quantum mechanics
under conformable fractional derivative sense. Phys
Scr. 2020; 95(7), 075218.

14. Al-Smadi M, Arqub OA, Zeidan D. Fuzzy fractional
differential equations under the Mittag-Leffler kernel
differential operator of the ABC approach: theorems
and applications. Chaos Solitons Fractals. 2021; 146,
110891.

15. Al-Smadi M, Arqub OA. Computational algorithm for
solving fredholm time-fractional partial
integrodifferential equations of dirichlet functions type
with error estimates. Appl Math Comput. 2019; 342,
280-294.

16. Al-Smadi M, Freihat A, Khalil H, Momani S, Ali Khan
R. Numerical multistep approach for solving fractional
partial differential equations. Int J Comput Methods.
2017; 4(03), 1750029.

17.Hameed EM, Aal-Rkhais HA, Majeed SJ. Some
Estimates to Best Approximation of Functions by
Fourier-Jacobi Differential Operators. IOP Conf Ser
Mater Sci Eng. 2021 Feb 1, 1095(1) 012010. 10P
Publishing.

18.Hussin CHC, Azmi A, Ismail AIM, Kilicman A,
Hashim 1. Approximate Analytical Solutions of Bright
Optical Soliton for Nonlinear Schrodinger Equation of
Power Law Nonlinearity. Baghdad Sci J. 2021,
18(1(Suppl.), 0836.
https://doi.org/10.21123/bsj.2021.18.1(Suppl.).0836.

19. Khosravian-Arab H, Dehghan M, Eslahchi MR.
Fractional Sturm-Liouville boundary value problems
in unbounded domains: Theory and applications.
J Comput Phys. 2015 Oct 15; 299: 526-60.

20.Jassim HK, Al-Rkhais HA. Fractional Sumudu
Decomposition Method for Solving PDEs of
Fractional Order. J. Appl. Comput. Mech. 7(1) (2021)
302-311.

21. Charalambides M, Waleffe F. Spectrum of the Jacobi
tau approximation for the second derivative operator.
SIAM J Numer Anal. 2008;46(1):280-94

30 b gl - g Jipal (g g8k Ay gh 4 gan cladla al ool Ao sall a0 s )8 oy S

SPEE M F O RUES

2alS dsaa daa

LaBS ae Gua

Gl A pealill 8 (53 dnala il I 5 csalall o sle S il ) ad!

Bl 8 (53 b b iS5 o lall i ) a2

d“)ﬂ\ "JJL! ’c\‘).-.'aij\ ?A&M‘ daala ’:h.ud.\@.ﬂ :\..\SS ’A.JSLAM JJ\_}AS\ 5yl ?“53

AaMAl

G8 s 1 Al A Hall (he B3 diall Jud gl -a ) gl Alalaal 3 6Sa 3 gaa Cladmtia o 5 (38a5 Al Aas jall ol g J) g0 A8l &5
Oo sl 13 ey 58 Jumdl slagl 5 a8 3ok Cpeat e S 0y anll 138 Giagy Aagail) lae s deend) (o sSla <D 5ad e
a8 A ol el 5 Llall 5 g8ll 5 A g2l julaa Gl 53 (lamy A il GG el e 3 Sle A gl julaa a8yl e ileLiadl)

U

Al Dalea Cileliad (i sal -a ) s Aolae e gl jlanse ¢ sSha 3 gan Ciladadia sy 55 Juadl sdalidal) cilalsl)

1392


https://doi.org/10.21123/bsj.2020.17.3.0882
https://doi.org/10.21123/bsj.2021.18.1(Suppl.).0836

