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Abstract

In this paper we stady the relationship between tensor is an algebraic curvature tensor , M-
Projective Curvature Tensor of a Lokally Conformal Kahler manifold Wa., i . e. it has a classical symmetry

properties of the Riemann carvatur tensor” of a Lokally Conformal Kahler manifold Wj.has been examined
in this research.

The typical Riemannian curvature symmetry features of this tensor were demonstrated. In the L.C.K-
manifold, calculate the M- Projective tensor (M- tensor) components. Some observations and relationships

among them were obtained, and links between the tensor components of this manifold were constructed.
With obtaining a neutral equation for each of the eight these components.

Keywords: Locally conformal Kahler manifold W4., M- projective tensor, conformal curvature tensor.
1.Introduction

Conformal transformations of Riemannian structures are the important object of differential geometry,
where this "transformations which keeping the property of smooth harmonic function .1t is" known, that
such transformations have tensor in variant so-called M- Projective Curvature Tensor, In this paper we
investigated the M- Projective Curvature Tensor of a Lokally Conformal Kahler manifold w4."

The M-projective curvature tensor :[8Jon AH-manifold M is a tensor of type (4,0) and satisfied the relation
e *M(A, B, C, D) = M(A,B, C, D), which is defined as the form:

M(A,B,C,D) = R(A,B,C,D)— > [S(B,C)g(A,D) —S(A, C)g(B,D) + g(B,C)S(A,D)

_r
(n—1)
—g(A,0)5(B,D)]

(7)
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Where R is Riemannian curvature tensor, g is the Riemannian metric and A is the scalar curvature

A,B,C,D e X(M), where X(M) is the Lie algebra of M™ vector field of M.

The locally conformal Kahler manifold which are going to be dealt with in this
study, is one of the sixteen classes of almost Hermitian manifold. The first study on
locally conformal Kahler manifold was conducted by Libermann 1955 [12]. Vaisman,
in 1981 put down some geometrical conditions for locally conformal Kahler manifold
[19]. Letter on in1982, Tricerri mentioned different examples about the locally
conformal Kahler manifold[18].

In 1993, Banaru [1] From the Banaru’s classification of L.C.K-manifold. The class locally conformal
kahler manifold statistics the following conditions:

Eahc =0 ,B:h — [I[ESE]

2.Preliminaries

Let M be a smooth 2n dimension manifold,C*{ M )- soft function algebra onM; c(M)vector fields of

smoothness module on "manifold” of M; g = <.,.> - Riemannian metrics is a Riemannian metrics link g
onM, d: the element of distinction from the outside. The smooth class is assumed for all manifolds, Tensor
fields, and other objecets C in the following. The structure of NK ("nearlykahler™) on the "(manifold M)" is
a pair "(Q,9)" where Q: represents the structure of the almost complicated ("Q* =id") onM, g=<.,.>

represents the Riemannian "(pseudo)” metric onM, where in this case <Qa,Qf> =<a, > ; a, f€a(M).

Let M be a nl-dimensional 2n-dimensional smooth manifold. On M, C(M) is a smooth function algebra.,
and (M) is the vector field module on M. The Riemannian conection of the metric is denoted by g, while

the exterior differentiation is denoted by d.

3. The Structure Equation of locally conformal kahler manifold

In the beginning, deals with the construction of class focally conformal kahler manifold in the ad
joint G-structure space.

Definition 3.1:[6]

Let g and gbe two Riemannian metrics on smooth manifold M, we say that on M given a conformal
transformation metric if there is a smooth function f € C*(m) such that § = e* g

Let {M.].g =<, =} be an L.C.K-manifold. If there exists a conformal transformation of the metric
g into the metric g. Then, {M.].§ = e*/ g} will be L.C.K-manifold. In this case, we say that, on smooth
manifold M given conformal transformation of L.C.K-structure, denoted by M.

Definition 3.2:[3]

An L.C.K-manifold M is called a locally conformal kahler manifold, if for each point m € M there
exists an open neighborhood U of this point and there exists f € €*(U) such that U, is kahler manifold.

Remark 3.3:

We shall denoted to the locally conformal kahler manifold L.C.K-manifold

(8)
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Definition 3.4: [2]

Let M be L.C.K-manifold, the from which is given by the following relation

SFa]

a_:
n—1

Is called a Lie form, where 8 represents the coderivative if F is r-form. Then, its coderivative is (r-1).
Form and its dual is a vector, which is called a Lie vector.

Remark 3.5: [1]

1- From the Banaru’s classification of L.C.K-manifold. The class locally conformal kahler manifold
statistics the following conditions:

BEE‘.‘C — ﬂ !E:b o a[ﬂﬁ-:‘]

2- The value of Riemannian metric is g denoted by the form

- Gap =95 =0
ii- Hzp = Sbﬂ
iii- go5 = 6,

The structure equation of L.C.K-manifold provide by the following theorem.
Theorem 3.6: [7]

The collection of the structure equation of L.C.K-manifold in the ad joint G-structure space has the
following:

i- dw?® = wgAw® + B2 weA\w,

ii- dw_ = —wZAw, + 85, w Aw?

iii- dw? = w2Awf + AZ%w° Aw, + {%rx“[“cﬁ'{f —I-%rx“rx[":ﬁ's]}wﬂﬂ W,

Where {w*} are the components of mixture form, ware the components of Riemannian connection of
metric g and {422} are system function in the ad joint G-structure space.
Theorem 3.7: [7]

The component of the Riemannian curvature tensor of L.C.K-manifold in the ad joint G-structure
space are given as the following forms:
I- erbcﬁ' =0
0

H- Rageg
iii-Rapeq = @or.0g + %ﬂaﬂ[c‘ﬁ]
iV-R_ 5.0 = —rxﬂ[c:ﬁ“é’] —%cxﬂcx[cﬁé’]
V- Ropea = a0 — 220500265

- —_ d k d
Vi-Roped = @aje 05 — Xa0p1%m0g

i — [a o]
VIl Rgpeg = —2a; 64
- _ o leod]

V- Ropeg = 2@ G,

IX-Rgpeq = Apg — ﬂ[ﬂﬁz]ﬂ[b 7]

(9)
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_ aa a ohtl
X- Rgpoq = AfZ — al 3, l5*:[;'1‘1-?1':!]

. _ 5]
XI-REsfd = _flzz +fx[hi‘5d EI[E ;E]

— k]
ebod — _J‘lﬁg + a[bgc l:’:c[n'.t‘jljbi'lti]
dbéd = —a[“'ﬂ't’fi’] + “[EE:]a[hﬁz]

R
R
Xiv-  Rzg.g= —rx[ﬂldlnﬁf] + rx[“tﬁ':]cx[hcﬁ':!]
R
R

d 1 d

XV- Shéd = EIE[EISb] +Erx“rx[55b]
. d 1 d
XVi-  Rggeg = —ﬂ“[cﬁb] _E“E“[Eﬁb]

Definition3.8:[6]

A tensor of type (2,0) which is defined as r,; = R, = g**R,,, is called a Ricci tensor.

Theorem 3.9:

The component of Ricci tensor of L.C.K-manifold in the ad joint G-structure space are given by the
following forms:

. 1

- Ty = cxc[béﬁ +Erxccx[b5f] + rx[c|b|5§] — cx[cé’;‘]cx[h:ﬁ’f]
ii- 7z = —2 @65 — 4% + al°6) a 85

ii- 7,5 = A% — al°6] @, 65+ 2 ap. 61

V- 755 = —rx[clblﬁ:] + rx[":ﬁ':]rx[hﬁf] — cx‘[bni'i':] —%rx"rx[bnﬁ':]

&

4. M-Projective Curvature Tensor of Locally Kahler

In this section, we study the class of locally kahler manifold and M-projective tensor of locally
kahler manifold.

Definition 4.1:[9]

Let g and gbe two Riemannian metrics on smooth manifold M, we say that on M given a conformal
transformation metric if there is a smooth function f € M= (M) suchthat § = e* g.

Definition 4.2:[8]
The M-projective curvature tensor on NK-manifold M is a tensor of type (4,0) and satisfied the

relation e "% M(4,E,C,D) = M(A, B, C, D), which is defined as the form:

M(A4,B,C,D) = R(A,B,C,D)— > S(B,C)g(A,D) — S(A,C)g(B,D) + g(B,C)S(A,D)

1t
=D

Where R is Riemannian curvature tensor, g is the Riemannian metric and A is the scalar curvature
A,B,C,D € X(M), where X(M) is the Lie algebra of M* vector field of M.

Definition 4.3:

The M-projective curvature tensor on L.C.K-manifold M is a tensor of type (4,0) and satisfied the
relation e "2’ M(4,E,C,D) = M(A, B, C, D), which is defined as the form:

(10)
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M(A,B,C,D) = R(A4,B,C,D)— ﬁ [S(B,C)g(A,D) — 5(A,C)g(B,D) + g(B,C)S(A,D)

- E(A:CJS(E: D:]]

Where R is Riemannian curvature tensor, g is the Riemannian metric and A is the scalar curvature
A,B,C,D € X(M), where X(M) is the Lie algebra of M* vector field of M.

Definition 4.4:[8]

The form defines the M-projective curvature tensor

1
M:’_;l'kf = R:’_;l'kf - m [Sjkﬁu - Sikg_ﬂ + g_.fksif - g:‘ks_:'f]

The Riemannian curvature tensor and the Ricci tensor respectively are R and S.
Definition 4.5:[5]

The Riemannian manifold is called an Einstein manifold, if the components of Ricci tensor satisfies
the equation r;; = eg,;, where e and g are respective an Einstein constant and Riemannian metric.

Let’s consider properties of the M-projective curvature tensor.
Remark 4.6:
Thus, the projective tensor satisfies all of the algebraic curvature tensor’s characteristics:

i- M(a,b,c,d)=—M(b,a,cd)

ii- M(a,b,c,d) =—(a,b,d,c)

iii- M(a, b,c,d) + M(b,c,a,d) + M(c,a,,b,d)=0
iv- M(a,b,c,d) =M(c,d,a,b).a,b,c,d € X(M)

Proof:
We shall prove(i)
M(ab,c,d) = R(a,b,c,d) — == [S(b )g(ad) — S(a,c)g(b,d) + g(b,c)S(a,d) -
i_ g(aﬂ' CjS(b,dj]

1
- _R[b,ﬂ,c,d]-I-m

=—M(b,a,c,d)

[—S(b,c)gla,d)+5(a,c)g(b,d)—g(b.c)S(ad)+ gla, c)5(hd)

Properties are similarly proved.

ii- M(a,b,c,d) =—(a,b,d,c)
iii- M(a, b,c,d) + M(b,c,a,d) + M(c,a,,b,d) =0
iv- M(a,b,c,d) =M(c, d,a,b).

Covariant projective tensor M type (3,1) have form

(12)
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M(a,b)c =R(a,b)c+ {<a,c>=b—<bc=>a}

2N —1
Where R is the Riemannian curvature tensor and a is the scalar curvature a, b, ¢ € A(M)

By definition of a spectrum tensor

M(a,b)c = My(a,b)c+ M, (a,b)c+M,(a,b)c+ My(a,b)c+ My(a,b)c+ M (a, b)c+ M.(a, b)c
+ M-(a,b)c, a,b,c € A(M).

Tensor M, (a, b)c as non-zero the component can have only components of the form
{Mgbcd’ Mcfsaa‘ = {MgcdrM;Eaé}

Tensor M, (a,b)c-components of the form

(M7, 0 Mg ea} = My, 5. M5, )

Tensor M, (a, b)c-components of the form

{Mir‘zb éds M;Sc&‘} = {Mgze. ME 5}

Tensor My (a, b)c-components of the form

(M3, 0 Mgs o0} = (M725.ME )

Tensor M, (a, b)c-components of the form

{M:Scd’M:b E&“} = (Mg 0 Mpzs)

Tensor M (a, b)c-components of the form

{MEE,;E: Mpzay = {Mgcér Mpza}

Tensor M, (a, b)c-components of the form

{Meﬁﬁ carMeyeas = Mz My 5}

Tensor M, (a, b)c-components of the form

(M35 00 MFyoa} = (ME25. M55}

Tensors My, = My(a,b)e, M, = M,(a, b)c, ..., M, = M,(a,b)c
The basic invariants projective AH-manifold will be named.

Definition 4.7:

Locally kahler manifold for which M; = 0 is locally kahler manifold of class M , i=0,1, ..., 7.

Theorem 4.8:

(12)
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i- Locally kahler manifold of class M, characterized by identity

M(a,b)c—M(a,Jb)Jc — M(Ja,b)Jc — M(Ja,Jb)c — M (a,b)jc — JM(a,Jb)c — JM{Ja, b)c +
JM(Ja,Jb)Je =0, a,b,ceX(M)

ii- Locally kahler manifold of class M, characterized by identity
M(a,b)c+ M(a,Jb)Jc — M(Ja,b)Jc + M(Ja,Jb)c + JM (a,b)jc — JM(a,Jb)c — JM(Ja,b)c —
JM(Ja,Jb)Jc =0, a,b,ce X(M)

iii- Locally kahler manifold of class M, characterized by identity
M(a,b)c —M(a,Jb)Jc + M(Ja,b)Jc + M(Ja,Jb)c — M (a,b)jc — JM(a,Jb)c + JM(Ja, b)c —
JM(Ja,Jb)Je =0, a,b,ceX(M)

iv- Locally kahler manifold of class M, characterized by identity
M(a,b)c+ M(a,Jb)Jc + M{(Ja,b)Jc — M(Ja,Jb)c — JM (a,b)jc + JM(a,Jb)c + JM(Ja,b)c +
JM(Ja,Jb)Je = 0, a,b,ce X(M)

v- Locally kahler manifold of class M, characterized by identity
M(a,b)c+ M(a,Jb)Jc + M(Ja,b)Jc — M(Ja,Jb)c + JM (a,b)Jc — JM(a,Jb)c — [M(Ja,b)c —
JM(Ja,Jb)Jce =0, a,b,ceX(M)

Vi- Locally kahler manifold of class M. characterized by identity
M(a,b)c —M(a,Jb)Jc + M(Ja,b)Jc + M(Ja,Jb)c + M (a,b)Jc + JM(a,Jb)c — JM(Ja, b)c +
JM(Ja,Jb)Je =0, a,b,ceX(M)

vii- Locally kahler manifold of class M, characterized by identity
M(a,b)c+ M(a,Jb)Jc — M{(Ja,b)Jc + M(Ja,Jb)c + M (a,b)jc — JM(a,Jb)c + JM{Ja, b)c +
JM(Ja,Jb)Jce =0, a,b,ceX(M)

viii-  Locally kahler manifold of class M, characterized by identity
M(a,b)e —M(a,Jb)Je —M(Ja,b)Jc — M(Ja,Jb)c + M (a,b)jc + JM(a,Jb)c + JM(Ja, b)c —
JM(Ja,Jb)je =0, ab,ceX(M

Theorem 4.9:
We have the following inclusion relations

- Mg=M;=M,=M,=M,=M,,

Theorem 4.10:
The following equation describes the components of the projective tensor of L.C.K-manifold in the
ad joint G-structure:

- Mayss = B2 By — AZS — ——[(3Bupn BT — AZ5)82 + (38,0 B7%" — AZE)52]

2n—1

(13)
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. 1
li- M5 = Igﬂdhlghbc + flﬁf I [(_Eﬁbﬂhl‘?hbc + HEE)'S? - (Eﬁabhlgﬂdh - flﬁﬁjﬁ'ﬂ

And the others are either conjugate of the above components or equal to zero.
Proof:
By using theorem 3.7, we compute the components of projective tensor as the following:

1- Puti=a,j=b,k=c,l=d

1
Mrzbcri = erbcd - 2[?‘1— 1] [Sbcgﬂd - Sﬂcgbd + gbcsﬂd - grzcsbri]

Mr.zbcri =0

2- Puti=d,j=b,k=cl=d

1
Ripea — _[sbcﬂad — Sac0na T Gnedaa _g&“csbd]

Mﬁbcd E[ﬂ,— 1:]

— 5b 1 51‘.'
Mﬁbcd - I:J":r.i[r: d] + Eﬂ:ﬂﬂ:[ﬂ d]

3- Puti=a,j=b,k=c,l=d

1
Mﬂscﬂ' = Rﬂgcd - M[Sscgad _Sﬂcg&i +-g5:5rzd - chsﬁd]

—_ b 1 b
Mﬂscd - _aﬂ[cgd] - Eaaa[c Ed]
4 i=aj=bk=¢1=d

Mopea = Rapea — m[sbaﬂad — Seelva T GveSea — GacSwel

Mopiq = @rg1q 08 — 20500, 65

5- i=a,j=b,k=c,f=dﬁ

1

MEE‘GE = Rﬂbca - E(n _ 1] [sbcgEE - sucgba +gb55ﬂ§ _gﬂc‘sbé]

M pes = @pgpo 0f — @ 65700,63

6- Puti=4&,j=hb,k=cl=d

1
Mﬁﬁcd = Rﬁﬁcd - z[ﬂ— 1] [sﬁcg&“d - Sﬁcgﬂd + gﬁcsﬁri - g&“csﬁri]

(14)
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_ [a 5] [c cal k]
Mzgea = —2a;, 5&] - 2= 1) [(—era[bﬁc] — A%+ a;[“ﬁ*b . ;])55

— (—2a165 — 4% + a6} ay, 85 ) 65 + (24,65 — A% + al*5) 2 57 ) 63

— (—2a165 — 4% + a6} a, 55 ) 65

_ [z o5]
MEEGL‘L' — _Efx[c 5d]

7- Puti=da,j=bk=c¢,I=d
Mzpea = Rapea _m[Sbaﬂad —Sas8pa t 956550 — 955504l

Mgpeq = A2 — al®60 ay, 85 — m(ﬂ;ﬁ — a6 87 + 2a;0 87 )68 + (AZ — a6 ay, 65,

[ ~c
+ Erx[c :ﬁ“ﬂ]:]é'g
— Jeac [a é"h] 8¢ 1 ch [cé\'h] c [b 55]53
Mapea = Apg — "0, h]_—(ﬂﬂc —at o, ol +2a[5 al 5)

(n—1)

8- Puti=a,j=bk=c,i=d

1
MEE‘GE = REE‘.‘EE - 2(1‘1— 1:] [51;55’&& _sﬁcgba +gb55§§ _g&“c‘sbéj

_ ] 1 [c ca] Al
Mgpoq = A2 — al*6May, 68 — st (20565 — 4% + alo6 ] a 65 ) 62 — (A2

k] [b ne
—al6 " ag, 65 + 2a;8) 65

The above theorem calculated components projective tensor curvature on space of the ad joint G-
structure projective tensor of L.C.K-manifolds and M1 and M2 have only other components projective tensor

are equal to zero.

For L.C.K-manifold only two projective tensor don’ts equal zero. M1 with component {M -, Mg .}

and W, with component {MZ,, ME_s1.

Definition 4.2.11:[9][4]

According to properties well-know that M — Ric R2c Ra. Consider that, (M.].g) locally kahler

manifold of dimension 2n, M-projective tensor.

(15)
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Abstract

The research aims to build mathematical models for estimating the concentration of
Radon in the soil with water and oil using numerical methods such as Neville and
Hermite, where we got mathematical models implicitly through the adequate amount of
Radon concentration in the soil. We got on miniatures mistake percentage almost
non-existent

Keywords: Uranium. Radon. Least Square . Mathematical Models. Neville Method .
Hermit Method

1. Introduction

Natural radioactive elements Like Radon and thorium are found in the soil [1]. Radon gas
belongs to the series of uranium and is characterized by the ability to transfer in the air
from one place to another without impediment. It possibly exposes humans and planets in
the oil industry [2, 3]. Natural Radon involves three isotopes, one from each of the three
natural radioactive-disintegration series (the series of Uranium, thorium, and actinium).
Radon was discovered in 1900 by Friedrich E. Dorn, a German chemist, radon-222
(3.823-day hal-life), the longest-lived isotope, arises in the uranium series [4]. Numerous
studies have been published by the International Friedrich E. Dorn Atomic Energy
Friedrich E. Dorn Agency on the possibility of the radioactive elements' presence in the
oil industry, as well as treatment and safety methods [5].

Researchers conducted A study in Turkey by collecting soil samples, crude oil, sludge
and water, measuring the radiation level and determining its danger [6]. Our study aims
to estimate Radon concentration in the soil of the Qayyarah refinery with water and oil in
Qayyarah refinery using some numerical methods like Neville, Hermite and Least Square
methods.

1. Application Field

The study is established based on mathematical modelling by using numerical methods
such as Neville to achieve calculations of Radon concentration in the soil. This study was
established to estimate the mathematical modelling by accreditation on graph theory
methods such as Neville, Hermite and Least Square.

(18)


mailto:nisreen.s.ahmed@st.tu.edu.iq
mailto:ghasanarif@tu.edu.iq

Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023

2. Neville's Method

The key idea of this method is to estimate the polynomial value at a specific point
without first finding all of the polynomial coefficients. The Neville’s method is defined
as follows: Let f be a function that has values at the n points Xo, X;....X5. Let {my, m,, ...
my} be a k distinct integers set from the set (0, 1.2, .... n}. Let Pmy, ma,.... my (X) represent
the polynomial of Lagrange that agrees with the f function at k points xmy, xma, ... Xm,
....l.e. Pmg, my, ..., mg (xmy ) = f(my), Pmy. Ma,... mg (xmz ) = f(xmy ),..., Pm1. Ma... my (xmy
) = f(xmy ). Obviously, Pmy, my,...., my (X) is the only (k-1) degree polynomial which
passes in the k points (xm; . f(xmy)),...., (xmy . f(xmy)). Neville's method main idea is to
recursively use polynomials of Lagrange of lower powers to calculate polynomials of
Lagrange of higher power relationships. This concept can be useful; for instance, if we
have the polynomial of Lagrange depending on some data set points (xi, f(xk)), k= 0,
1,...,n, and we can get a new data point, (xn+1, f(xn+1)) [7].

—_ = Tl - U
AH"H - - - !

B, = 847 AR, = 0.5653
P,=1970 AR, =1.3171

A T oA

A A

= 0.0006694568 p — 0.0017299199 (1)

Table 1: Calculate Radon concentration in the soil using the Neville method

P ARn Exp. ARnCal
No. Location E E?

Trem® Ba
1 Qayyarah refinery 847 0.5653 0.5653000 0.000000 0.0000000000
2 Qayyarah refinery 1001 0.6688 0.6683963 0.000404 0.0000001629
3 Qayyarah refinery 1294 0.8655 0.8645472 0.000953 0.0000009079
4 Qayyarah refinery 1372 0.9167 0.9167648 0.000065 0.0000000042
5 Qayyarah refinery 1467 0.9804 0.9803632 0.000037 0.0000000014
6 Qayyarah refinery 1565 1.0452 1.0459700 0.000770 0.0000005929
7 Qayyarah refinery 1742 1.1647 1.1644638 0.000236 0.0000000558
8 Qayyarah refinery 1778 1.1886 1.1885643 0.000036 0.0000000013
9 Qayyarah refinery 1970 13171 1.3171000 0.000000 0.0000000000
10 Qayyarah refinery 2308 1.5434 1.5433764 0.000024 0.0000000006
11 Qayyarah refinery 2035 1.3603 1.3606147 0.000315 0.0000000990

(19)
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P ARn Exp. ARnNCal
No. Location E E?
Tr,cmr2 Bqg
12 Qayyarah refinery 2029 1.3569 1.3565979 0.000302 0.0000000912
13 Qayyarah refinery 2055 1.3739 1.3740038 0.000104 0.0000000108
D 0.0000019279

Fig.1. shows the estimated and real values for the Radon concentration in the soil using
the Neville method as follows:

1.8000
1.6000
1.4000
1.2000
1.0000
0.4000
0.2000

e AR (EX P} o A RN Ca

Fig. 1: The estimated values graph for the concentration of Radon on the soil by using
Neville’s method

3. Hermite Method

The polynomials of Hermite are given in the case of mi=1, for each i=0, 1, ..., n. Those
polynomials agree with f at Xo, X1, ..., X, for a given function f. Likewise, they have a
similar form as the function at (xi, f(xi)) due to their first derivatives agreeing with these
of f function in the sense that the tangent lines are agreed to the polynomial and the
function [8].

Using the Hermite method, we will estimate the concentration of Radon in the soil of
Qayyarah City with water and oil in the Qayyarah refinery. By using the method of
Hermite, the formula can be expressed as follows [9]:

(20)
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Po=847, F (Po) = 0.5653

P1=1001, F (P1) = 0.6688
P2=1294,F (P2) = 0.8655
Ps=1372,F (P3) = 0.9167

F(P1)— F (PO}

F[Po, Pa] = P1-PO
_0.6688—0.5653 _ 0.1035 _

" 1po1-847 154 0.0006
F[P1 Pz] _F (p2)— F(P1)

P2-P1

_0.B655—-0.66588
1254 —1001

_ 0.1%87
293

F[P2, P3] =

= 0.0006

F(P3)-F(PI)
P3—P2

_0.9167 —0.B7655
1372-1254

_ 0.0512
78

=0.0006

F [P1.p2]-F[P0.P1]
PZ-PO

F[Po, P1 P2] =

_ 0.0006—0.0006 _ 0__

1294-847 447

F[pz.p3]- F[PLP2]

FIP1, P2 Ps] = P3-P1
_ 0000600008 _ 0 _ o
1372-1001 371

F [P1,P2,P3]- F[PL,PLPZ]

No: 3, Vol : 1\July\ 2023

F[Po,P1, P2 P3] =

P3—-PO

_0-0 _ ©
T 1372-847 535

=0

ARn =F [PD]+ F [Purpl][P_PD)—I_ F[PDJFPF:][P—PD}[P—PJ"' F[PDJ'Pl:PZJ'PE]

(P-Py) (P-Py) (P-P;)

= 0.5653 + 0.0006720779 (P-847) +0 (P — 847)(P— 1001)+0 (P— 847) (P— 1001) (P— 1294)

= 0.5653 + 0.0006720779P — 0.5692499813+0+0
= 0.0006720779P — 0.0039499813

Table 2: Calculate Radon concentration in the soil using the Hermit method

()
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ARN
No. | Location i , Exp. ARncal E E?
Trem ppm
1 Qayyarah refinery 847 0.5653 0.5653000 | 0.000000 | 0.0000000000
2 Qayyarah refinery | 1001 0.6688 0.6688000 | 0.000000 | 0.0000000000
3 Qayyarah refinery | 1294 0.8655 0.8657188 | 0.000219 | 0.0000000479
4 Qayyarah refinery | 1372 0.9167 0.9181409 | 0.001441 | 0.0000020762
5 Qayyarah refinery 1467 0.9804 0.9819883 | 0.001588 | 0.0000025227
6 Qayyarah refinery 1565 1.0452 1.0478519 | 0.002652 | 0.0000070327
7 Qayyarah refinery 1742 1.1647 1.1668097 | 0.002110 | 0.0000044509
8 Qayyarah refinery 1778 1.1886 1.1910045 | 0.002405 | 0.0000057817
9 Qayyarah refinery | 1970 13171 1.3200435 | 0.002943 | 0.0000086641
10 Qayyarah refinery | 2308 1.5434 1.5472058 | 0.003806 | 0.0000144842
11 Qayyarah refinery | 2035 1.3603 1.3637285 | 0.003429 | 0.0000117549
12 Qayyarah refinery | 2029 1.3569 1.3596961 | 0.002796 | 0.0000078181
13 Qayyarah refinery | 2055 1.3739 1.3771701 | 0.003270 | 0.0000106936
3 0.0000753

Using Hermite's method, the estimated values for the concentration of Radon in the soil

are shown below:
1.8000
1.6000
1.4000
1.2000
1.0000
0.4000
0.2000

e ARN (EXP.) = ARNCal

Fig. 2: The estimated values graph for the concentration of Radon on the soil by using
Hermite’s method.
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4. Least Square Method

It is an essential statistical method, mainly for the analysis of regression. It estimates the
trendline that reduces the overall significant mistakes or deviations in the line of analysis
of observed points. It is a typical estimation approach that is used to solve equations
systems where the number of equations exceeds the number of variables to obtain a
solution that attempts to reduce the value of the squares mean the of the error that is

produced from approximating each equation [10].

We used the Least squares method to estimate Radon's concentration in the Qayyarah

refinery's soil. The rule of the Least squares method is formed as shown below [11]:

N *ap +a; >.P =2ARn

13 ap +21463a; = 14.3468

ao *Y, P +a; Xp° =>P *ARn

21463 ag +37762247a; = 25243.7496
+13 ap £21463a; = +£14.3468

21450 ag +37740784 a,=25229.4028
21450 ap = 25229.4028- 37740784 a;

25225.4028— 37740784 al
21450

dop =

a0 =1.1761959347-1759.4771095571a;

13 a0 +21463al = 14.3468
13 (1.1761959347-1759.4771095571a1) +21463a; = 14.3468

15.2905471511-22873.202424242 a1+ 21463al = 14.3468

-1410.202424242 a;= - 0.9437471511
0.59437471511

1410.202424242

a;= 0.0006692281

a1=

a0 =1.1761959347-1759.4771095571a,

a0 =1.1761959347-1759.4771095571(0.0006692281)
a0 =1.1761959347-1.177491523

ao= - 0.0012955883

ARn= ap+ a;* P

ARn= - 0.0012955883+ 0.0006692281 P

Table 3: Calculate Radon concentration in the soil using the Least Square method

(23)
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T ARN EXp. ARnCal ]
No. Location p? P*ARN E E?
Trem” Bq

1 Qayyarah refinery | 847 0.5653 717409 | 478.8091 | 0.565540612 | 0.000241 | 0.0000000579
2 Qayyarah refinery | 1001 0.6688 1002001 | 669.4688 | 0.668601740 | 0.000198 | 0.0000000393
3 Qayyarah refinery | 1294 0.8655 1674436 | 1119.9570 | 0.864685573 | 0.000814 | 0.0000006633
4 Qayyarah refinery | 1372 0.9167 1882384 | 1257.7124 | 0.916885365 | 0.000185 | 0.0000000344
5 Qayyarah refinery | 1467 0.9804 2152089 | 1438.2468 | 0.980462034 | 0.000062 | 0.0000000038
6 Qayyarah refinery | 1565 1.0452 2449225 | 1635.7380 | 1.046046388 | 0.000846 | 0.0000007164
7 Qayyarah refinery | 1742 1.1647 3034564 | 2028.9074 | 1.164499762 | 0.000200 | 0.0000000401
8 Qayyarah refinery | 1778 1.1886 3161284 | 2113.3308 | 1.188591974 | 0.000008 | 0.0000000001
9 Qayyarah refinery | 1970 1.3171 3880900 | 2594.6870 | 1.317083769 | 0.000016 | 0.0000000003
10 | Qayyarah refinery | 2308 15434 5326864 | 3562.1672 | 1543282867 | 0.000117 | 0.0000000137
11 | Qayyarah refinery | 2035 1.3603 4141225 | 2768.2105 | 1.360583595 | 0.000284 | 0.0000000804
12 | Qayyarah refinery | 2029 1.3569 4116841 | 2753.1501 | 1.356568227 | 0.000332 | 0.0000001101
13 | Qayyarah refinery | 2055 1.3739 4223025 | 28233645 | 1.373968157 | 0.000068 | 0.0000000046
) 21463 143468 | 37762247 | 25243.7496 0.0000017644

By using the Least square method, the estimated values for the Radon concentration on the

soil is shown below.
1.8000
1.6000
1.4000
1.2000
1.0000
0.4000
0.2000

Fig. 3: The estimated values graph for the concentration of Radon on soil by using Least Square’s

method

——ARN(EXP.)

5. Conclusion and Result

As explained by a short investigation that measured the concentration of Radon in the
soil of Qayyarah City, the research confirmed that mathematical modelling is an effective

e A RNCal
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[1]

[2]

[3]
[4]

[5]

[6]

[7]

[8]

[9]

and accurate method for identifying Radon concentration in the soil. This research used
several numerical analytic techniques to demonstrate a relationship between mathematics
and healthcare. We do not create mathematical models that aid us in solving issues;
alternatively, we obtain answers compatible with theoretical values and experimental
evidence through these models. We have utilized techniques of extrapolation which are
the Neville, Leas Square, and Hermit methods, for validating the mathematical models.

The mathematical models that have been presented in this research are practical and
valuable tools. Thus, the recommended models gave results that were consistent and
accurate. The derived mathematical models helped us estimate the concentrations of
Radon in the soil. The best models were these developed by numerical analysis is the
approach of the Least square method, which is found to be with the least estimated error.
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Abstract :

This research involves the development of spectrophotometric method for determination
of promethazine hydrochloride by oxidative coupling reaction with sulfamethaxazole in a
neutral medium in the presence of potassium periodate to produce an intense green color,
soluble in water, stable product and absorbs at 600.5 nm. Beer's law was in the linear range
3.125-43.75 pg/ml of promethazine hydrochloride, the molar extinction coefficint, Sandell’s
sensitivity index and detection limit were 7444.88 L. molt.cm?,0.0431 pg.cm™ and 0.0682
ng/ml respectively. The RSD value was  (0.152-0.221)% depending on the concentration.
This method was applied successfully to the determination of promethazine hydrochloride in
pharmaceutical preparation(tablets) with recovery of not less than 99.93 % .
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Abstract

The purpose of this research is to develop accurate mathematical models for estimating the
concentration of uranium in children's teeth in Baghdad and Basra governorates using
numerical methods. To achieve this, the Nivel and Spline methods were employed to
estimate the uranium concentration in samples of children's teeth. The results of the
assessment showed close agreement with the experimental data. This study is of significant
importance as it contributes to the advancement of precise and efficient methods for
assessing uranium concentration in human teeth. Such advancements are crucial for
effectively monitoring and managing potential health risks associated with uranium
exposure.

Keywords: Spline Method, Neville Method, Mathematical Models, Uranium, Basra.
1- Introduction

In this article, we investigate various numerical estimation methods to accurately determine
the concentration of uranium in children's teeth. Utilizing the numerical spline method, we
develop mathematical models for estimation. Numerical analysis, a critical aspect of
mathematics and other sciences, plays a pivotal role in our research.

To achieve accurate estimates, we employ numerical interpolation methods, ensuring that
the estimated values closely approximate the real values with minimal error. Notably, recent
years have seen a surge in speculative studies, with Stephen Balter et al. exploring
techniques to estimate radiation dose on the skin fluoroscopically [1], and Haregeweyn N.
and Yohannes F. examining non-agricultural pollution models on watersheds in Ethiopia [2].
Michael G. et al. delve into second-generation computer software for internal dose
assessment in nuclear medicine [3]. In 2001, Emily R. Unsworth and her colleagues
conducted a study in England, employing ICP mass spectrometry to measure uranium
concentrations in seawater and groundwater. Their findings revealed uranium amounts of
2.68 ngml-1 in seawater and 0.3 ngml-1 in groundwater [4]. Hakonson-Hayes et al.
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evaluated 238U concentrations in tomato, pumpkin, lettuce, and radish contents irrigated

with well water in the Nambe region using ICP-MS in 2002. The measured values were <1
pgl-1, 150 pgl-1, 500 pgl-1, and 1200 pgl-1, respectively [5]. In 2003, Reimann et al.
measured uranium activity concentrations in river water, sea water, and tap water as 2.63%,
1.13%, and 1.37%, respectively, using ICPMS in a study conducted by Koji Oshita et al. in
Japan. The activation values in drinking water from Eastern Africa were measured as 0.005-
48 g/l, 598-45800 g¢/l, and 0.002-1.59 ug/l, respectively, by Clemens Reimann et al. [6].
Furthermore, in 2017, Arif, G. E. et al. demonstrated the estimation of uranium radiation
effects on workers in selected chemical factories, relying on the numerical analysis spline
method [7]. Overall, our study delves into the importance of numerical methods for
accurately estimating uranium concentration in children's teeth, contributing to the field's
understanding and monitoring of potential health risks associated with uranium exposure.

2- Neville’s Method: [8-9]

In Lagrange interpolation there is a practical difficulty which is the difficulty of applying
the error term, therefore, the required polynomial degree for the wanted accuracy is
unknown if calculations are not conducted. A general procedure is to calculate the given
results of different polynomials until the achievement of suitable agreement. Thus, the work
achieved by the second polynomial in calculating the approximation does not reduce the
required work for calculating the third approximation. In addition, it is also not easy to
acquire the fourth approximation when the third approximation is known and so on. We can
deduce these approximating Polynomials in away by employing previous calculations to a
greater benefit.

Theoreml: Let f be defined at Xy, X1, ..., Xk, and let xjand x; be two distinct numbers in this

set.
Then

(z - €Ly )})0,1:....3‘4.j+1....k(-’1?) (- il?i)Pu.l..._:-541,7‘.+1‘...A:(J")
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p(x) =

Using the Nivelle’s method to calculate of uranium concentration in child

teeth in Baghdad governorate
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Ra=0.0096U — 0.00109

Table 1: The resulted values obtained by the mathematical model proposed to calculate of uranium
concentration in child teeth in Baghdad governorate by using the Nivelle’s method.

No Ageofthe |U Ra.Exp Ra.cal Error Error?
child [10]

1 9 2.18 0.020 0.021 0.001 0.000001

2 8 2.18 0.020 0.021 0.001 0.000001

3 12 2.81 0.026 0.027 0.001 0.000001

4 11 1.87 0.017 0.018 0.001 0.000001

> 0.000004

Figure 1 shows the diagram between experimental and estimated values for determination of
uranium concentration in child teeth in Baghdad governorate using the Nivelle’s method

0.03

AN 0.025

= Ra.cal 0.015
e Ra.Exp
0.01
0.005
I T T T 0
4 3 2 1

Fig. 1: Cmparison between exp. and estimated values for determination of uranium concentration in child
teeth in Baghdad governorate using the Nivelle’s method.

Using the Nivelle’s method to calculate of uranium concentration in child teeth in Basra
governorate
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0.169U—-2.825-0.150+2.7149
Ra=
1.4063

_0.013U—-0.106
Ra=——
1.4063

Ra=0.0135U — 0.0754

Table 2: The resulted values obtained by the mathematical model proposed to calculate of uranium
concentration in child teeth in Basra governorate by using the Nivelle’s method.

No | Ageofthe |U Ra.Exp Ra.cal Error Error?
child [10]

1 6 16.7187 0.15 0.15 0 0

2 6 16.7187 0.15 0.15 0 0

3 9 18.4375 0.17 0.17 0 0

4 9 19.0625 0.176 0.182 0.006 0.000036
5 10 18.125 0.169 0.169 0 0

> 0.000036

Figure 2 shows the diagram between experimental and estimated values for determination of
uranium concentration in child teeth in Basra governorate using the Nivelle’s method

0.2
_‘_‘{;—-\ 0-18
0.16

0.14
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= Ra.cal 0.1

e Ra.Exp 0.08

0.06

0.04
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Fig. 2: Comparison between exp. and estimated values for determination of uranium concentration in child
teeth in Basra governorate using the Nivelle’s method

3- Spline Method: [11]

Let the given data point be (xj,yj)) @ =Xo< X1 < X2 < .... < X, = b, where

J=1.2,....n, hj=X;— Xj-1, and let be the spline of degree one defined in the interval [x;-1,X;].
Further, let Sjobviously, Sj(x) represents a straight line joining the points (X;-1,yj-1) and
(X;,y;)- Hence, we write
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Si(x) =yj-1 +my(x - 2j-1)

_ YY1

€r — l'j—l
Using the spline method to calculate of uranium concentration in child teeth in Baghdad
governorate

m

R —Rr 4R Rao (o

U, = 2.18R,, = 0.020

U, =1.87R,, = 0.017

0.017 — 0.020
R, = 0.020 + ———— (U — 2.18)
—0.003
R, = 0.020 + — - (U~ 2.18)

R, =0.020+ 0.0096(U —2.18)
R, =0.020+ 0.0096U — 0.020
R, =0.0096U

Table 3: The resulted values obtained by the mathematical model proposed to calculate of uranium
concentration in child teeth in Baghdad governorate by using the Spline method.

No Ageofthe |U Ra.Exp Ra.cal Error Error®
child [10]

1 9 2.18 0.020 0.020 0 0

2 8 2.18 0.020 0.020 0 0

3 12 2.81 0.026 0.026 0 0

4 11 1.87 0.017 0.017 0 0

5 0

Figure 3 shows the diagram between experimental and estimated values for determination of

uranium concentration in child teeth in Baghdad governorate using the Spline
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Method

Fig. 3: Comparison between exp. and estimated values determination of uranium concentration in child
teeth in Baghdad governorate using the Spline method.

Using the spline method to calculate of uranium concentration in child teeth in Basra
governorate

R.,—R
al aﬂ(U_UD)

R, =R, +
a ad UI_UD

U, = 16.7187R,, = 0.15
U, = 18.125R_, = 0.169

9
R =015+ 0.169—0.15 U—16.7187
a 18.125—1&..?'18?‘rC ' )
R, =015+ 10c3 (U —16.7187)

R,=0.15+0.135(U — 16.7187)
R,=0.154+0.135U—-2.257

Table 4: The resulted values obtained by the mathematical model proposed to calculate of uranium
concentration in child teeth in Basra governorate by using the Spline method.

No |Ageofthe |U Ra.Exp Ra.cal Error Error’
child [10]
1 6 16.7187 0.15 0.15 0 0
2 6 16.7187 0.15 0.15 0 0
3 9 18.4375 0.17 0.38 0.21 0.0441
4 9 19.0625 0.176 0.466 0.29 0.0841
5 10 18.125 0.169 0.339 0.17 0.0289
¥ 0.1571

Figure 4 shows the diagram between experimental and estimated values for determination of
uranium concentration in child teeth in Basra governorate using the Spline method

(52)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
0.35

0.3

/N

\\ 0.1
/\ 008

5 4 3 2 1

Fig. 4: Comparison between exp. and estimated values for determination of uranium concentration in child
teeth in Basra governorate by using the Spline method.

4- Conclusions

This project utilized the Nivel and Spline numerical methods to estimate the concentration of
uranium in children's teeth in Baghdad and Basra governorates. The results obtained from
both methods were compared and analyzed, and it was concluded that the Spline
method provided better results for estimating uranium concentrations in samples
from Baghdad governorate, as shown in Table (1). On the other hand, Neville's method was
found to be more effective than the Spline method for estimating uranium concentrations in
samples from Basra Governorate, as indicated in Table (2). These findings demonstrate the
importance of selecting appropriate numerical methods when developing models for
estimating uranium concentrations in human teeth, as different methods may be more
suitable for different regions or sample types.
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abstract

The abstract provides an overview of various topics related to meiosis, cohesion and structural maintenance
of chromosomes (SMC) complexes, DNA repair, transcription regulation during plant mitosis and meiosis,
and opportunities for engineering in these areas. It mentions the significance of meiosis in producing
gametes and increasing genetic diversity. The role of cohesion and SMC complexes in maintaining
chromosome structure and organization is highlighted, as well as their potential for engineering
applications. The abstract also mentions the importance of SMC complexes in DNA repair and the
opportunities for engineering DNA damage tolerance. Additionally, it discusses the role of the ECO1 gene
in mitosis and meiosis and its potential implications for plant breeding. Furthermore, the abstract briefly
touches upon the role of transposons in tolerance to DNA damage and potential risks associated with
engineering modified crossover formation during meiosis. It also suggests the possibility of boosting
crossover formation through manipulation of meiotic cohesins for efficient transmission of new alleles.
Overall, the abstract provides a comprehensive overview of various important topics in cell biology and
genetics, with a focus on potential applications and opportunities for engineering advancements in these

areas.
Introduction

Meiosis is a type of cell division that produces gametes, or haploid cells, which have half the number of
chromosomes as the original cells.! In meiosis, chromosomes undergo complex and regulated interactions,
including homologous pairing and crossing over, to ensure the proper distribution of genetic material to
daughter cells.? These interactions help to increase genetic diversity and maintain genome stability.® During
meiosis, chromosomes are replicated and then lined up along the cell’s equator, forming homologous pairs.*
Cross-over events occur, where genetic material is exchanged between homologous chromosomes,
generating new combinations of genetic information.> This shuffling of genetic information increases
genetic diversity and helps to prevent the accumulation of harmful mutations.® Maintenance of genome

stability is crucial for the proper functioning of cells and the prevention of diseases, such as cancer.” In
(56)
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addition to the mechanisms that occur during meiosis, other processes also help to maintain genome

stability, including DNA repair mechanisms, proper replication, and proper segregation of chromosomes
during cell division. In conclusion, the complex interactions that occur during meiosis play a crucial role in
maintaining the integrity of the genome, ensuring the proper distribution of genetic information to daughter
cells and increasing genetic diversity.

ASSEMBLY OF EUKARYOTIC COHESION AND STRUCTURAL MAINTENANCE OF
CHROMOSOMES COMPLEXES

Eukaryotic Cohesion and Structural Maintenance of Chromosomes (SMC) complexes are critical for the
proper functioning and maintenance of chromosomes in eukaryotic cells.® The Cohesion complex holds
sister chromatids together until they can be properly separated during cell division, while the SMC complex
is involved in the maintenance of chromosome structure and organization.® The Cohesion complex is
composed of several proteins, including cohesin, which links sister chromatids together by forming a ring
around them.® This ring structure helps to prevent premature separation of the sister chromatids and ensures
proper chromosome segregation during cell division.!* The SMC complex is a large protein complex that is
involved in many aspects of chromosome biology, including chromatin organization, DNA repair, and the
regulation of gene expression.!> The SMC complex acts as a molecular “scaffold” for chromosomes,
helping to maintain their proper structure and organization.®> The SMC complex also interacts with other
chromatin-associated proteins to ensure the proper regulation of gene expression and DNA repair In
summary, the Cohesion and SMC complexes play essential roles in the maintenance of chromosome
structure and organization in eukaryotic cells.'* These complexes help to ensure proper chromosome
segregation during cell division, regulate gene expression, and repair DNA damage, thereby maintaining

genome stability and integrity.
ENGINEERING OF COHESION, SUPERCOILING, AND CELL CYCLE PROGRESSION

Engineering of Cohesion, Supercoiling, and Cell Cycle Progression refers to the manipulation of the
molecular mechanisms that regulate chromosome structure, organization, and segregation in order to control
cell behavior and advance scientific and medical applications Cohesion, or the physical connection between
sister chromatids, is critical for proper chromosome segregation during cell division.'® Researchers can
manipulate the activity of cohesin and other components of the Cohesion complex to control cell behavior
and study the underlying mechanisms of cell division.'® Supercoiling refers to the twisting of DNA into
compact, energy-stabilized structures.'” Supercoiling is regulated by several enzymes, including
topoisomerases, and has important implications for DNA replication, transcription, and repair.’® By
engineering supercoiling, researchers can study its effects on cell behavior and potential applications in

biotechnology.'® Cell cycle progression refers to the sequence of events that cells undergo from one cell
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division to the next. The regulation of the cell cycle is critical for proper cell growth and division and is

tightly controlled by a series of signaling pathways and checkpoints. 2°By engineering cell cycle
progression, researchers can control cell behavior and study the underlying mechanisms of the cell cycle,
leading to potential applications in cell-based therapies and cancer research.?! In conclusion, the engineering
of Cohesion, Supercoiling, and Cell Cycle Progression is a growing field that combines principles from
molecular biology, biochemistry, and biotechnology to manipulate the molecular mechanisms that regulate
chromosome behavior and cell behavior.?? These advancements have the potential to contribute to the

development of new therapeutic strategies and treatments

PATHWAYS TO ACHIEVE ROBUST TRANSCRIPTION DURING PLANT MITOSIS AND
MEIOSIS: NEW ROLES FOR COHESINS AND SMC5/SMC6 COMPLEXES

Transcription during plant mitosis and meiosis is a complex and tightly regulated process that is critical for
proper cell growth and division.?® Cohesins and SMC5/SMC6 complexes play important roles in regulating
transcription during these cell cycles** Cohesins are proteins that link sister chromatids together during cell
division, ensuring proper chromosome segregation.?® Recent studies have shown that cohesins also play a
role in regulating gene expression during mitosis and meiosis in plants.® For example, cohesins can act as
transcriptional regulators by recruiting chromatin-modifying enzymes to specific genes, thereby controlling
their expressionSMC5/SMC6 complexes are large protein complexes that are involved in several aspects of
chromosome biology, including DNA repair and the regulation of gene expression. “Recent studies have
shown that the SMC5/SMC6 complex can also play a role in regulating transcription during plant mitosis
and meiosis.® For example, the SMC5/SMC6 complex can act as a transcriptional repressor by modifying
chromatin structure and preventing the recruitment of RNA polymerase to specific genes In conclusion,
recent research has revealed new roles for cohesins and SMC5/SMC6 complexes in regulating transcription
during plant mitosis and meiosis.* These findings provide new insights into the complex regulatory
pathways that control gene expression during these cell cycles and may have important implications for the
development of new therapeutic strategies for diseases such as cancer.

THE ROLE OF SMC COMPLEXES IN DNA REPAIR: OPPORTUNITIES FOR ENGINEERING
TOLERANCE TO DNA DAMAGE

The Structural Maintenance of Chromosomes (SMC) complexes play an important role in DNA repair and
are important targets for engineering tolerance to DNA damage.” SMC complexes are large protein
complexes that are involved in many aspects of chromosome biology, including chromatin organization,
DNA repair, and the regulation of gene expression.® SMC complexes participate in DNA repair by
recruiting DNA repair factors to sites of DNA damage, helping to ensure that damaged DNA is repaired

efficiently and accurately.® They also play a role in. maintaining chromosome structure during DNA repair,
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which is critical for ensuring the proper functioning of DNA repair pathwaysBy engineering tolerance to

DNA damage, researchers aim to enhance the ability of cells to repair damaged DNA and maintain genome
stability.™ This can be achieved through a variety of approaches, including the modulation of SMC complex
activity, the engineering of new SMC-like proteins with improved DNA repair functions, and the design of
small molecule inhibitors that target specific components of the SMC complex. In conclusion, the SMC
complex plays a critical role in DNA repair and offers opportunities for engineering tolerance to DNA
damage. These advances have the potential to contribute to the development of new therapies for diseases

associated with DNA damage, such as cancer and neurodegenerative disorders.

THE ROLE OF ECOl1 COMPLEMENTATION GROUP IN MITOSIS AND MEIOSIS:
OPPORTUNITIES FOR PLANT BREEDING

The ECO1 (Essential for Condensation 1) gene encodes a protein that belongs to the complementation
group involved in chromatid condensation and segregation during cell division.®> In mitosis, ECO1 helps
ensure proper chromosome segregation by condensing chromatids and resolving cohesin-mediated sister
chromatid connections. ®In meiosis, ECO1 helps ensure proper homologous chromosome pairing,
recombination, and segregation. ® Opportunities for plant breeding may arise from the understanding of
ECO1's role in cell division, as it can help in the manipulation of chromosome structure and improve crop
yield and quality through precise control of meiotic processes. However, it should be noted that more
research is needed to fully understand the complex mechanisms involved in cell division and the role of
ECOL1.

TRANSPOSONS, AND TOLERANCE TO DNA DAMAGE

Transposons are mobile genetic elements that can jump from one location to another within a genome.?
They can contribute to genome size variation and can also disrupt gene function. Transposons can also play
a role in tolerance to DNA damage.® For example, some transposons contain genes that encode DNA repair
enzymes, and their mobility allows them to act as "repair kits" for damaged DNA. Additionally, transposons
can induce epigenetic changes that affect the expression of nearby genes, some of which can confer
resistance to DNA damage. However, transposons can also cause DNA damage themselves through their
ability to insert into or disrupt genes, leading to mutations and other chromosomal rearrangements.

Therefore, transposons

OPPORTUNITIES FOR ENGINEERING MODIFIED CROSSOVER FORMATION DURING
MEIOSIS

can both contribute to tolerance and sensitivity to DNA damage, and the overall effect depends on the

specific circumstances and the type of transposon involved.* Meiotic crossing over is the exchange of
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genetic material between homologous chromosomes, which contributes to genetic diversity.!> By

understanding the molecular mechanisms that control crossover formation, there may be opportunities for
engineering modified crossover formation during meiosisFor example, this could involve the use of genetic
or epigenetic modifications to increase or decrease crossover frequency, leading to changes in chromosome
structure and the distribution of genetic traits. This could have potential applications in agriculture, such as
the development of crops with improved yield, resistance to pests and diseases, and tolerance to
environmental stress However, it should be noted that while the manipulation of crossover formation holds
potential benefits, it also presents potential risks.!* Unintended consequences of modifying crossover
formation could lead to the creation of unstable chromosomes or other detrimental effects on the stability of
the genome. As with any manipulation of biological systems, caution and thorough testing is required

before moving forward with any applications in engineering modified crossover formation during meiosis.

EFFICIENT TRANSMISSION OF NEW ALLELES: BOOSTING CO FORMATION WITH
MEIOTIC COHESINS

Meiotic cohesins play an important role in the formation and stability of chromosomes during meiosis. By
holding sister chromatids together, cohesins ensure proper chromosome segregation and prevent loss of
genetic information. One potential approach to boosting crossover (CO) formation during meiosis is to
manipulate the activity of meiotic cohesins?? For example, increasing the amount or activity of cohesins
could result in more frequent COs and the efficient transmission of new alleles from one generation to the
next.?® This could lead to increased genetic diversity and potentially improve traits such as disease
resistance and stress tolerance However, as with any genetic manipulation, caution is necessary when
boosting CO formation. 2*Excessive CO formation could lead to genomic instability and reduced fertility,
which could negatively impact the overall health and productivity of the organism. Therefore, a thorough
understanding of the molecular mechanisms involved in cohesin activity and CO formation is necessary to

ensure safe and effective manipulation
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Abstract: In this paper, we have defined a subclass Mq"’”‘(ﬁ, G, D), of meromorphic
multivalent functions by using integral operator 37 f(z). Also, we have obtained the
coefficient bounds for the function of the form
f(z) =ziq+2§=1ah_th_qz"“? (ay_, = 0,q EN), and belong to the class
Mq’""”(ﬁ, G, D). We have get some important geometric properties of coefficient estimates

such as extreme points and we have proved that convex linear combination is in the same
class. A growth and distortion theorems were introduced. Furthermore, we have deduced the
radii of starlikeness and convexity theorems and partial sum property is defined. At last, in

the present paper some concepts like neighborhood for analytic Univalent functions are

going to be introduced and proved that ¥_(f) c Mq"”‘(@, G, D).

Keyword: Meromorphic multivalent functions, integral operator, extreme points, growth

and distortion bounds, e-neighborhood property, partial sum property.
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-N.(f)© M}™(5,G, D)
1.Introduction

Meromorphic multivalent have been studied by many authors in field differential geometry
[1-5] and mathematical finance [6-10]

Let M} denote the class of meromorphic functions of the form

f(2) =% +E10,,2"% (@, , =0, gEN), (1.1)
which analyze in the open, pierced disk

U ={z:z€ C,0<|z| < 1} If f e M}
Presented by (1.1), and
g(z) = ziq-l— Dby 2m (b =0, gEN)

then the convolution f * g defined by

(F *9)2) = %+ Tisy @y g by 20 = (g + F)(2).

For the function £ € 2}, we define the integral operator Seoudy [11] 3% f(z): M} — M}
as 01

35f(2) = 2+ 5, [ a2 (2 2 0, q € N)Which studied by [12].

h-g+1

2. Definition: [13] We apply 3%f(z) to define the class M} as follow. The function
provided by (1.1) meets the inequality, it is said to be in the class M;""(@, G,D)

529423270 +2%+[33£(2)] - al8la+1)-1]
D [Szﬂ +2[ 22 £(z)] "zt [33;&]];] -Ga[8lg+1)-1]

(65)
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where (z € U, x20,, €N, -1<D<G<1,0<5<—).

g+1

3. Main Results

The coefficient constraints for the function of the from (1.1) to belong to the

class M,"*(8, G, D) are as follows.

Theorem (3.1): Suppose that f € Mé‘ the function f € Mq"”‘(@, G, DY ifand only if

S [ 2] (D) (- )[6(h-q-1) + e,

< q(D-G)[é(q + 1)-1], (3.1)

the inequality is sharp for f(z) given by

L a(D-6)[8lg+1)-1] I
A T o e R

Proof: Let the inequality (3.1) holds true and assume that 0 < |z| =¥ = 1. Then from (2.1)

we get

As = |5EQ+2 [327()] " + 22+ [3%£(2)] - q[6(q + 1)- 1]|

- o822 [327 @] + 22+ [85£(2)] | - Gal6C0q + 1-1]|

- B ] (e e e a-1) + a2

- |a(p-6)oa + »-1]+ D Ex 1[h+q+1] (r-q)[6(r-q-1) + 1]y, 2"
gzﬁzl[mm] (h-q)[6(r-q-1) + 1]a, 7"

-q¢(D-G)[6(q + 1)-1]-q(D-G)[5(q + 1)- 1]
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" I h
DY [mﬂ] (h-q)[6(h-q-1)+ 1]a, .7

<3, [2] (- D) (- @) [6(h-q-1) + ey,
-¢(D-G)[8(g + 1-1] = 0.
From (3.1), hence f € M**(5,G, D).
Conversely, assume that f € M q""*"(c‘i‘, G, D) then

52842 [33 ()] +20+1[32£(2)] - q[8lq+1)-1]
p[sz2+2[g3 ()] +22+1[33£(2)] |- salslq+1)-1]

] (h-a)a(r-a- 1)+ 1]a, 2"

a(D-6)[5lg+1)-1]+DEP [ h:qﬂ]z(h- a)[8(r-q-1)+1]a, ="

< 1,

since Re(z) < |z| for all z,

h= 1[h+q+1] (r-q)[s (h'q'1)+1]ah_qzh

R 1.
¢ (q(n -G )[8lg+1)-1]+D Efn[hwﬂ] (h-qo)[6(k-q- 1)+1]ah_qzh) =

By letting z — 1-, we have
S [iin] (1-0) (- o)[6(h-g- 1) + 1]a,

< q(D-6)[8(q + 1)-1].
Last but not least, if we take.

g(p-5)[8(g+1)-1]

h-gq
S TP A P A

f@ =+

Hence, the proof is complete.

Corollary (3.2): If f € Mq"’x(ﬁ, G, D), then
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D-6)8(g+1)-1
al J[Blg+1)-1] Eh_q,(hE 1)

Ap.q = [m]x(l-nj(h-q)[-ﬂ[h-q- 1)+1]

where (z € U",220,, q€N,-1<D<G<1,0<6<—1)

1+g

Corollary (3.3): If 0 = &, < &, < quf then

M]*(8,,G D) € M]¥(8,,G,D).
In the following theorem, we get the extreme points of the class M;"”"(ﬁ, G, D)

Theorem (3.4): The function f € Mq"”‘(@, G, D) given by (1.1) if and only if the conditions

below are true
flz) = Eﬁ=ﬂch-qfh-q(z)lch-q =0, Xng Cpq =1,
where
fo@=2

a(D-6)[8lg+1)-1]

h-q
h+;+1]z(1'ﬂjth'4)[5[h-q-1:|+1]z (h = 1)

ﬁﬁﬂ=ﬁ+[

Proof: Assume that

f(z) = Eﬁzﬂch-qfh-q(z)lch_q = DJ EE:(} Ch,_q = ]-.!

then
R === o
+g+1
oo 1 a(p-5)[#la+1)-1] h-
+ Eh:lch-q =z + [M;ﬂ]xh-ﬂ)(h-QJ[S(h-q- 1)+1] ‘ q]
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—L+Ef_ a(p-6)[8lg+1)-1] c _qzh'q.

U2 T (1 0)(h-a)e(k-q0-01)+1] *

h+g+1

From Theorem (3.1), we have f € M.**(8,G, D).

Conversely, assume that femM q""*"(@, G, D) and by letting

_ =}
€, =1-25 ¢, where

a(p -6 6(g+1]-1]
= T (10)(ra)s(ra-1)r1]

Cp, = [ @y _,, this concludes the results.

Theorem (3.5): Suppose that
1 oo _
fi(2) =2+ Y1y .2 =123,

and £(z) € M]*(8,G,D), then f(2)=%5_,c, . £(2)in the same class where

=
T_].ET a

=1.
Proof: Theorem (3.1) states that we have

Eh 1[ ] (1 D)(h q)[ﬁ(h (¢ - 1)+1]ah .1

h+ag+1
< q(D-G)[6(q + D-1](t=1,23,..,5).
But

1 co -
.f(zj T_I.CT qj;(z) = T—I.CT q [zq-+-§:h=1‘1h-qJE: ? ]
_ 1

[
=00 ST 107 q +Ef=1[231=1'5'«;-q ah-q,f] z*

+ Eh—l[z‘r 1C1: q ah qz]zT-qJ

since
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0 1 1"
Eh:l[h+q+1:| (1-D)(h-Q)[6(h-q-l)+ 1] i’:lcfg-q ﬂ’h,-qg]

1

—Tie (T[] (1-D) (- ) [6(h 0 1)+ e )

h+a+1

< ¥5=1 6, Lq(D-G)[6(g + - 1]}
= q(D-6)[6(q + D-1]T5, ¢, , = q(D-6)[6(¢ + 1-1].

A growth and distortion property for functions in the subclass Mq"’x(ﬁ, G, D) is provided in

the next two theorems.

Theorem (3.6): If f € Mq"’x(ﬁ, G, ) given by (1.1), then for O<|zl=r<1,

we have

L(l- [ : g(D-)[6(g+1)-1] )i: (2

= T 0)n-a)lsln-a- 1]

c:::i(l + qlp-6)[6lg+1)-1]
(e '

T [l (- 0) (M0 1))

. H _ 1 3] k-
Proof: Since f(2) = — + Zy=1 4y ,2" 7 , (@, 2 0, ¢ € N), then
1 o h-
F@I =5+ an 277
1 o0 h-q
< T + Ehzlah_qlzl

< (1+Z7 0, ) (3.2)

alp -6 )[8(g+1)-1]

From Corollary (3.2) a,_, = [ﬁ]"u-n)(h-q}[ﬁih-q-13'+1]’

(h = 1), hence from (3.2) we

obtain
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|f(z)|£5q(1+[i alp-6)l5lar 1) 1] )

] (10} (h-a)[8(h-q-1)+1]

similarly,
£ = g+ Tiy a2l
1 (=)
:—:?T_q(l—i_Zh:lah-q)

}i(l- glp-6l[8lg+1)-1] )

T [ (e p) kgl q- 1)+1] )
Theorem (3.7): If f € Mq"’x(ﬁ, G, D) given by (1.1), then for O<|zl=7r<1,we
have

,,,L(l-r[i - o)lota - ])iilf‘(Z)l

] (1-0)(h-@)[5(h-a- )41

<2 (1 + 7 qlo -6)[8lg+1)-1]
[ 1/

Bsah h+;+1]x(1-ﬂj(h"?)[5(h'q'1j+1

Proof: Assume that f € Mq"’x(ﬂ, G, D), then

F @l < |-+ 22, 0o (R-g)z™ 1

zq+1

< o T T @ g ()27

|z| g+1

a 0
£ZQ+1(1+TEh:1ah_q)

q (1+T a(p-6)[slg+1)-1]
[ 1/

Tzt h+:+i]x|:1_ﬂjllzh-q:l[5(h-q-1:|+1

Also, we have
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_ = h-g-1
F@ = |- By g o (h-q)z" o

) h-g-1
= |z 2+ - Eﬁ=1ah-q(h"?)|z|q

q
= Z2+1 (1-TEE=1ah-q)

1. alp-5)[slg+1)-1]

= an T T () a)lsth - 0rt]

Thus, the proof is complete.

The following theorems define the partial sum property and indicate the radii of starlikeness
and convexity.

Theorem (3.8): If f € Mq"*"(@, G, ), Consequently, f(z) is starlike and meromorphically
univalent of order £ in |z| < k,,(0 < £ < ¢) and meromorphically univalent convex of
order n in|z| < k,(0 <5 << 1) where

1

] J(h=1).  (3.3)

] e ) p) (k- a)s(r- g - 1)41]
o = thh[ n alh+q-glp-6)[6(g+1)-1]

And

=Ir

(h+aq-n)(D-5)[8lg+1)-1] (= 1) (3.4)

k, = ihf, [[ﬂ+;+1]x(1'ﬂ)':h'ﬂ?)[5(h-q- 1)+1]]

v
Proof: To prove |‘? + z—;[?| < q-#, |z| <k, for starlikeness
1 sz[z] Eiﬂ:ihﬂ,h_qzh Einzl hah_q|z|h
— < _
Since |q + f(z) 1+EE=1ah-qzh = I'Eﬁzlﬂh_ﬂzw = ﬁ, Z| < kl

=] f] w N -
or Eh=1hﬂh-q|3|h < (q-B)-(q-B)Xp 1y 4 | z|* Orzh=1%;ah_q 2" < 1.
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1 X
+a- 'E | |.Fr, h+q+1] (1'3)(h-q)[5(h-q_1j+1]
a(p-6)[8la+1)-1] ’

From Corollary (3. 2)

|z|"'* - [h+:+1]x':‘?-ﬁ:‘(l-ﬂ)(h-q:'[ﬁ(h-q -1)+1]

q(h+q - I}:I(D -5 ][S[q+ L)- 1]

Thus, we obtain (3.3). For convexity, using Alexanders Theorem £({z) is convex if and only

if zf“(z)is starlike we conclude (3.4) which is completes the proof.

Theorem (39): If  f€M(56D) given by (L1),-1<D<G<1 and

Ry(2) =g R(D) = S+ Ll @ o2 (5 =23,.) .

Also suppose that 2, ¥y, . @, < 1 where

) (1-0)(h-a)[5(k-a-1)+1]

Ya =T o oeern (3.5)
then
fi=z) 1 Rslz) Ve
Re (ﬂ )::« 1-L, Re (—m)::«ysﬂ. (3.6)

Proof: Since Eleyh_qah_qil from Theorem (3.1) fEMqh’x(ﬁ,G,D) and

VYr-ge1 = Yr.q = 1,2 = 1,therefore

s-1 - o
Eh:lah-q + Yo Lp=s Ap_q = Eh:1yh_qﬂh_q = 1. (3.7)

h-gq

+ 1 and applying (3.7) we have

By putting ,(z) = y, |22 ( ] L)] _ wIhlian g7

(z) 9-1 h-g
5 ¥ 1+Eh:1ah_ g%

e ysﬂz:'-l): yal2) -1

yZl+1 My (zl+1

e h.
Y= Ehzl ah_qz q

. 5-1 i
24y DR “h-qzh B+2y, Eh:iah_qzh q
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Jlrs Eﬁzi ah_qzh'q

2 -ySEleah_qzh'ﬂ-EEi'zilah_ =h-a

=

, (2]

A quick computation yields Re(#,(z)) > Oand Re ( -

Re(%- (Li))::ﬂ

The first inequality in (3.6) is produced by this. Regarding the second inequality, we think

) = 0 which is equivalently to

R, (=] o I:‘],'_5--+1]|E'D':'zilsn i 21
Hy(D) =+ DD L) =g et

. r
flz) e+l L+ER ah_qzh q

and by using (3.7)

Molzl-1
Halz)+1

< 1. Thus Re{%,(z)) > Otherefore Re (ﬂiaf

) = 0 which is equivalently to

Re ("’;;} #) - 0.

Hence, the proof is complete.

Theorem (3.10): This theorem for neighborhoods results, Some ideas, such as neighborhood
for analytic univalent functions, will be introduced in this theorem. For analytical univalent

functions, Ruscheweyh [14], Raina and Srivastava [15], and Lashin [16] have the necessary

neighborhood we define €- neighborhood of f € Mé‘ given by (1.1) as

N.(z) = {g(z): g(z) = ziq + e 2 TEME A< E}.

Where

] (1-0) (- )l6(k-q- 1)41]
alp-6)[8lg+1)-1] |ah-q'ch-q|-

A= Efﬂ

Now, if f € M,**(8,G, D) given by (1.1) and f satisfies the condition
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fz-d
A e ppk(5,6,D)(18] < €,€ > 0,9 € ©),

f+1

then N.(f) € M) *(5,G,D).
Proof: by using (2.1), we have f € Mq"*"(@, G, D)ifand only if

529%2[327(2)] " +29%1[ 327 (=) - a[8la+1)-1]
p|5z042[3g£(=)]  +22*4[355(2)] |- salla+1)-1]

iw!

(f=K)i=z) s
forany || = 1,1p € C or=—— % 0,(z € U7), (3.8)

where K(z) = ziq +Xr dy 2™ 7. Such that

[ +1+1]x(1-ﬂ¢)(h-q)[5(h-q- 1)+1]
dy.q = e D * (3.9)

d — [h+:+1]x':1-ﬂ¢)(h-q)[&(h-q_1)“]
| h-Q| N air(p -6 )[8(g+1)-1]

[aesa] (a-8)(1-2) (k- @) 6(h-q-1}+1]
=
a(p-c)[slg+1)-1] !

since
#2910 ¢ 75 (5,6,D)(18] < €€ > 0,9 € ©),
we get
82 24f12) s
( B ) 0.z € U, (3.10)

If we assume that | @;ﬂ < ¢, then by (3.10), we have

x

(f+R)(2)
(22

|®|-&

U*K][Z]+ ® > 0,
|&+1]

(+1)z°2  [(#+1)

#-1
:_}I |
|&+1]
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.. .. . = f
but this is contradiction with || < ¢, therefore f _3;':2] < €

z

Now, if we suppose that g(z) = ziq + X 6 2T € N(f), then

Lf -gliz)=K)(=z)

z'q

I
= |E?= 1(ah-q - Ch-q)dh-qz q|

< Ef:1|ah-q'ch-q||dh-q| |Zh_q|

[M;ﬂ]xh-ﬂ](h-q)[ﬁih- g+1)+1

qlp-5)[8lg+1)-1]

]
£|zh-4|2§:1 |{1h_q-ﬂ'h_q < €.

Hence, we get

tg=Kliz) *Rfi'izz' +0,(z € U),
=

forany 1 € C, |[yp| = 1, therefore g(z) € M;’x(ﬁ, G, D) which implies that
N.(f) € M]*(3,G, D).

Conclusion and Future Studies

In this article, we introduced a subclass of meromorphic multivalent functions Defined by
integral operator that are important for mathematical finance. As a outcome, we deduced
some geometric properties of coefficient estimates, extreme points, convex linear
combination, radii of starlikeness and convexity. Furthermore, we investigated the

neighborhood of the presented classes.

Finally, we suggest in the future studies the coefficient problems continue to include new
classes of other functions and new generalized derivative operators. Also, it is possible to

study new properties other than those mentioned in this article.
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Levels of the hormone relaxin in patients with blood pressure and diabetes, males and females
Shatha Hazem Shaker / College of Education for Pure Sciences - Department of Life Sciences

shatha.h.shaker@tu.edu.iq
Summary

Hypertension is one of the most important causes of cardiovascular diseases (CVD), the main cause of
death worldwide, and there is a clear increase during the year 2017 in the number of deaths caused by high
blood pressure. Diabetes is one of the most common chronic diseases, and reports indicate that the rate of
diabetes in the world is affected by several factors, including gender. In women, relaxin is released into the
circulation by the corpus luteum of the ovaries during pregnancy. It is also released by the placenta,
amniotic membranes, and endometrium. In men, the hormone relaxin is secreted by the prostate gland and
can be detected in semen, but this hormone is not generally found in the circulatory system. Blood samples
were collected from the age group (45-65), and after conducting the analyzes, it was found that this
hormone decreased significantly in patients with pressure and diabetes, of both sexes, compared to healthy
subjects.
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Abstract

In this paper, we provide an approximate solution approach for evaluating a system of equations of
the second sort of nonlinear Volterra integral equations numerically. The algorithm is based on a modified
version of the New Iterative Method. Because it is difficult to integrate nonlinear functions, the method
being presented here uses the Maclaurin series to turn nonlinear functions into polynomials. The problem
may be resolved with the help of the MATLAB 2020b program. In conclusion, many examples are provided

to illustrate how accurate and useful this formula may be.

Keywords: Integral equation with nonlinear variables, the Volterra integral equation, and a
modified new iterative method.

Introduction:

Integral equations may be found in the scientific literature for a variety of Issues related to mathematical
chemistry and physics, such as heat conduction, stereology, the radiation of heat from a semi-infinite

substance some examples, and crystal formation, among others(J.R.Rise ).

The iterative technigque generates fast converging sequential approximate forms of the exact answer if a
closed-form version of the solution already exists. The Adomian decomposition method, on the other hand,
generates components rather than approximations. The approach may be used for both the same approach is
used to linear and nonlinear problems, and there is no need to adhere to any particular limitations, examples
include the so-called Adomian polynomials, which are required for nonlinear component analysis
(A.M.Wazwaz)
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The Modified New Iterative Method is used by Yaseen and Samraiz to solve nonlinear and linear equations.

Klein-Gordon Equations, A. K. Jabber Utilize a modified version of the new iterative method when you are
trying to solve nonlinear partial differential equations. Lawal and Loyimi. respectively When there are non-
local circumstances present, you should solve linear and nonlinear initial boundary value issues by using a

novel iterative strategy.

The nonlinear Volterra integral equations that are a component of the system are addressed in detail in
the edited volumes written by Wazwaz and Linz which provide several different methods for analytically
finding a solution to these equations. The writer of the F.J.Borhan, used the Trapezoidal Predictor-Corrector
An approach to the solution about the mathematical structure consisting of two nonlinear Volterra Integral
Equations of the Second Kind. In addition to this, the writers in A. M. Dalal, a numerical solution to the
System of two nonlinear Volterra integral equations was suggested by the author. In addition, Burhan and
Abbas solved systems of two nonlinear Volterra integral equations by using a strategy that did not include
the use of Polynomial Splines. Finally, the authors Borhan, and Abbas, techniques of predictor-corrector

analysis were used to find a numerical solution to these systems.

As a result, the subject of this study is an investigation into the system of two integral equations of
Volterra's second class that must be solved. The following form is used to define the unnamed functions that

may be found both within and outside of the integral sign Borhan, andAbbas,

.L-I-’rl:[le = :FIE l:x} + E_?lzl f: j{‘f_;l'[xl g L}{;{#jjd# II = 112.1 vy TH (1)
where ¥ (x) are unknown functions, the functions F(x),i=1,..,m and kernels
K (:x: , %-[#))J 1 =4,j =m are provided with functions having real values on subsets of R? and R*,

respectively.
2 New lterative Method (NIM) [2]

Take into consideration the generic functional equation that follows:
W(T) = @) + N(E(Y)) 0)
where ¥ is an operator that is not linear and « is a function that is already known.
T = (¥y.¥a0.7 0¥, ). We are seeking a solution ¥ to the equation (2) that has the form of a series.
W) = EZ, (YY) 3)
The nonlinear operator N may be broken down into the following components:
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NEEZ W YD) = M) + T2 (Ziog w00 )) — A (EES5 ()] (4)

Equation(2), which can be derived from equations (3) and (4), is equal to
2o F (1) = (1) + H(¥y) + LZp[ M (Tizo ¥ (Y)) — 2 (L5259, () 5)

We define the recurrence relation

Wy = @l Y)
= N () (6)
o = N+ L, - N+ LD
Then
(W +9, + =N+ LD (7)
And
2o W) = oY) + W(ZZ, (1)) (8)

The k—term approximate solution of (2) is given by
W= L
3 The Modified New Iterative Method (MNIM):[5]

This method depends on splitting the function «{ 1"} in equation (2) into two parts. We can set the zeros
component (Y7 in the formula (6) as the sum of two parts (Y} and (¥ then we suggested the

following modified formula:

Wy = @ LY+ W (Wy)
LPm+1 == N("‘I‘Iu + 1"I"I-:I_ + ey +1'I"rm:| - N("‘I‘Iu + I.I..I'l + + I‘I'Im_l)

Wo =@ (Y)
(9) Tosolve

difficult nonlinear systems of equations of the second kind of Volterra integral equations, this type of
modification provides highly accurate results, necessitates a reduced number of calculations in comparison

to the iterative method, and it also avoids needless complications in the process of calculating the next term.

4 Numerical Methods

The range [a, &] is utilized as the jumping-off point for the creation of the numerical strategy for the
approximation solution of a system of type (1). This is done to make things as straightforward and
uncomplicated as is humanly feasible. Accordingly, the =, = a + jh,j = 0,1,..,Nand h = b% is used to

define a grid that has N + 1 points that are uniformly spaced apart
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To solve the equation (1)

we apply the Maclaurin series to the known function F;(x to convert it to a polynomial:

iR
Filx) = By T s (11)
Suppose that

Fi(x) = Fiplx) + Fiy (%) (12)
Yo = Fio (13)
Wy =Fat E}nzl .,r: Hf;":x:#: L}ﬂ'u[#jjd’sﬁ i=12,..,m (14)

Fiprr = X151 f; K= w, i:uqﬂ'r[#jjd’éﬁ - E}n:i f: K%, Ef;;‘{ﬂ,-r[#]jdy (15)
Wherep = 1,2,...,N

W) = TP (%) (16)

=0

5 Numerical Example:

In this part, we provide a variety of examples to exemplify the methodologies discussed in the previous
section (section 3).

5.1 Example (1)

The following is a definition of a system consisting of two nonlinear Volterra integral equations of the

second kind:

W () = sec(x) —x + [ (H,2(9) — ¥, (w) ) dy

W (x) = 3 tan(x) — 2 — [ (¥, 2(g) + ¥, (3) ) dy

which has the exact solution: (¥, (%), ¥, (%)) = (sec(#), tan(x))
let F(x)=sec(x)—x and F, (%)= 3tan(x) —=x

apply the Maclaurin series on F; (%) and F, (%) we get
Fylx) =1+ %7 +i:x:‘1' —x
1 24
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1 2 2
Flal=x+-x'+—x" +-27 —x
2 (#) 3 15 3
Suppose that
Fip = 1+ 2°
F. L
=x+—-x
20 3
Apply the MNIM we obtain
Fy=H T,
1 5 1 121 29 1397 17 139
o=+ -t +—at——at — x — - ——x1 — 1
2 24 36 2520 2016 131440 3360 51975
- ixlz _ L 13
2072 1385
Fy =Wy + Wy + Wy,
1 2 1 a7l 29 1043 17 1637
Y, =x+-x' + —&" + —x® — &+ x% — x4 51
3 15 36 2520 2016 &0480 3360 4153800
+ ixﬂ + L13 z 15
2072 12285 59535
& Exact solution MNIM Error
0.0 | 1.000000000000000 | 1.000000000000000 | 0.000000000000000
0.1 | 1.005020918400456 | 1.005020800601886 | 0.000000117798569
0.2 | 1.020338844941193 | 1.020330899610309 | 0.000007945330884
0.3 | 1.046751601538086 | 1.046655618794738 | 0.000095982743348
0.4 | 1.085704428383239 | 1.085128793635235 | 0.000575634748003
0.5 | 1.139493927324549 | 1.137134160425380 | 0.002359766899170
L.S.E. 5.909131010704959e-006

Table (1): describe a comparison between the precise and the numerical using a modified new iterative

technique for ¥, x) for examplel. The comparison should be based on the least square error with h set to

0.1
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x Exact solution MNIM Error
0.0 | 0.000000000000000 | 0.000000000000000 | 0.000000000000000
0.1 | 0.100334672085451 | 0.100334683817448 | 0.000000011731997
0.2 | 0.202710035508673 | 0.202709762988137 | 0.000000272520535
0.3 | 0.309336249609623 | 0.309321356718823 | 0.000014892890800
0.4 | 0.422793218738162 | 0.422641508749376 | 0.000151709988785
0.5 | 0.546302489843790 | 0.545452714172594 | 0.000849775671197
L.E.S. 7.453564846565573e-007

Table(2): describe a comparison between the precise and the numerical using a modified new iterative
technique for *#,{ «) for examplel. The comparison should be based on the least square error with h set to

0.1.

5.2 Example (2):

The following is a definition of a system consisting of two nonlinear Volterra integral equations of the

second kind:

1 1

Wyla) = — T + [T (x — w0 (g)dy

Wolx)= —xe* + 2 — 1 + f; we ¥il#l gy

which has the exact solution: (%, (x), ¥, (x)) = (— 3:15 %)
— E _ i 2x

let F(x) =11°

and F,(x)= —xe® + 2e* —1

apply the Maclaurin series on F; (=) and F, (x] we get

1 1 1 1 1
Filx)=—-x——x* — -z ——x* — —4°
(%) 27 2 3 3 15

1 1 1
Fla)=1+x——a ——a* ——x°
& 12 40
Suppose that
F 1
=——x
10 5
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Fy=1+=x

Apply the MNIM we obtain

W =W+ Wy Y,

No: 3, Vol : 1\July\ 2023

1 1 2 1 o7 21 127 79
‘-I-’1=——x+—x6——x?+—x8+—x9 A, Y L R — e
2 45 215 & 121440 201600 2228400 9979200
+ 1 pe 19 14 1 15 1 16
72E57E0 SOE03200 12700800 169344000
Wy =Wy + Wy + W,
1 1 1 1 5 a7
=1 +x+-—x+ -+ —a* +—af +—a® + —2a"
a 24 120 144 240
x Exact solution MNIM Error
0.0 0.00000000000000 0.000000000000000 0.000000000000000
0.1 -0.050000000000000 -0.049999977124450 | 0.000000022875550
0.2 -0.100000000000000 -0.099998491646225 | 0.000001508353775
0.3 -0.150000000000000 -0.149982282765014 | 0.000017717234986
0.4 -0.200000000000000 -0.199897246938604 | 0.000102753061396
0.5 -0.250000000000000 -0.249594984058298 | 0.000405015941702
L.S.E. 1.749122807290687e-007

Table (3): describe a comparison between the precise and the numerical using a modified new iterative

technique for ‘¥« for example 2. The comparison should be based on the least square error with h set to

0.1.
a Exact solution MNIM Errer
0.0 | 1.000000000000000 | 1.000000000000000 | 0.000000000000000
0.1 | 1.105170918075648 | 1.105170955793651 | 0.000000037718003
0.2 | 1.221402758160170 | 1.221405452698413 | 0.000002694538243
0.3 | 1.349858807576003 | 1.349892695714286 | 0.000033888138283
0.4 | 1.491824697641270 | 1.492033056507937 | 0.000208358866666
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0.5 | 1.648721270700128 | 1.649584573412698 | 0.000863302712570

L.S.E.

7.898606587246861e-007

Table(4): describe a comparison between the precise and the numerical using a modified new iterative

technique for *¥,( &) for example 2. The comparison should be based on the least square error with h set to

0.1.

6 Conclusion:;

The purpose of this article is to provide a suggestion for an effective modification of the iterative

approach described in [2] for numerically locating the precise solutions to a system consisting of two

nonlinear Volterra integral equations of the second sort. The alteration that has been suggested is user-

friendly and speedy to get the best solution in comparison with the new iterative method. The results

showed that our suggested approaches were preferable because they produced more accurate solutions to the

systems.

References

[1]
[2]

[3]
[4]

[5]

[6]

[7]

[8]

J.R.Rise, Numerical Method Software and Analysis, mascara Hill, 1985.

M. Yaseen and M. Samraiz, The Modified New Iterative Method for Solving Linear and Nonlinear
Klein-Gordon Equations, Applied Mathematical Sciences, Department of Mathematics University of
Sargodha Sargodha, Pakistan Vol. 6,no. 60, 2979 — 2987, 2012.

A.M.Wazwaz, Linear and Nonlinear Integral Equation, Methods and Applications, Springer, 2011.

P.Linz, Analytical and numerical methods for Volterra Equations, Studies in Applied Mathematics,
SIAM, Philadelphia, 1985.

A. K. Jabber, Modified New Iterative Method for Solving Nonlinear Partial Differential Equations,
Department of Mathematics, College of Education, University of Al-Qadisiyah, Iraq, Journal of
Advances in Mathematics Vol 19, 2020.

O.W. Lawal and A.C. Loyimi, Application of New Iterative Method for Solving Linear and Nonlinear
Initial Boundary Value Problems with Non-Local Conditions, Published by Faculty of Science,
Kaduna State University, Science World Journal Vol. 14(No 3) 2019

F.J.Borhan, Solving the System of Two Nonlinear Volterra Integral Equations of the Second Kind
Using the Trapezoidal Predictor-Corrector Method, British Journal of Mathematics & Computer
Science, vol.20, No.3, P.P. 1-10, 2017.

A. M. Dalal, Numerical Solution of System of Two Nonlinear Volterra Integral Equations,
International Journal of Computers and Technology, VVol.12, No.10, P.3967-3975, 2014.

(93)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
[9] F.J.Borhan, and H.T.Abbas, Non-Polynomial Spline Method for the Solution of the System of two

Nonlinear Volterra Integral Equations, Kirkuk University Journal/Scientific Studies(KUJSS), Vol.11,
No.3, P.P.(15-25), 2016.

[10] F.J.Borhan, and H.T.Abbas, Using Predictor-Corrector Methods for Numerical Solution of System of
Non-linear Volterra Integral Equations of Second Kind, AL-Rafiden Journal of Computer Sciences
and Mathematics, Vol.6, No.3, P.P.(93-109), 2009.

(94)



Jourr 1l of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 202

ISSN (Print): 2958-8987
ISSN (Online): 2958-8995

Doi: 10.59799/APPP6605

dadall cpdal) Gand (Asasll) paldiual) il
ok B b (B Jas¥) silly o5 Jadl AiL)
(Trichophyton rubrum , Candida Spp)
Ldpllae jale g, 438 ale da, aafie dw Glse @ odalil) elaw)
Bladl asle andf aglall 4S [ i S daals
Adnan.s.muzahem.bio2022235@st.tu.edu.iq/

saeed.m.lafta@tu.edu.iq

dr.suhamaher@tu.edu.iq

(95)


mailto:saeed.m.lafta@tu.edu.iq
mailto:dr.suhamaher@tu.edu.iq

Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023

bl cpdal) Gand (Asasll) paldiaal) il cad) ofgial)
bt Bl A (Al jaa¥) jsaiilly s B30 Jlall dilud)

(Trichophyton rubrum , Candida Spp)

Juddiae jale g, 24580 Al e, Taafie dw glae @ cpialil) claud

1Adnan.s.muzahem.bio2022235@st.tu.edu.iq/

saeed.m.lafta@tu.edu.iq 2

dr.suhamaher@tu.edu.ig?

dadal|

Gaals — Blall asle aud —aglall LS cihaia 3 22023/4/1 s 22022/11/1 (e Al ual

Calliphora  ¢&,31 Jhdl 4,13 da alual Galiiue dileld Hlas) L Caagh dahall il dus cuSs

ke faake 25, ke [5ale50, jile/aalal00) 3SVing (- Vespa Orientalis 3,50 jesY) 90y, vomitori
. Trychophyton 5 Candida : g dayeal) Lyhaill 1Y) (e 23 2 (Uil faake 12.5

Q) LD ydal an Galiid |, yially Galiied) jlaml Hlas) Gl SlasY) ddaall il e ekl
de gallidl st daales NI il Trichophytfon olyhd o) Jeiliedl  cuday 0B85
O 139 (ke faske 25) 5Kl die Lalus Bl Candlidia <yl cuyelal Wiy, (ile/aalel 00) 2S5l
paliiel , jinlly Galiiadl jlaml jlas) bl Slasy) dibaill mili Cela) LS . Lagiy laaly Ligins 83
olad Laslus SIS Trichophyton <k o)) Jsiliad) cudesy | BHdll jeaV) o3l Bpdal awa
ve Galiied) slad dusles B8, Candidia ki cijgh) iy (Lile/aral 00) 3850 xe aliiudl)
 Login aaaly Ligina )d cpn 1o (ie [aale] 2.5) S5l

LASH plsil sas Jasil (55 pum 23na o Galiicen (i Aalall Allail) lSyall Luegig Limluan ) Audpal) Cuaals

(96)


mailto:saeed.m.lafta@tu.edu.iq
mailto:dr.suhamaher@tu.edu.iq

Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023

dadial)

Gllgpall e % 90 s Jads ¢« ) xhae Je dall QWK 0 dcgens S a0 ahdal)

.( Schimitschek,1968) ,yall o 55l Al o Cumy ¥ ae il el e ag Lealag

b et Jleanad) of o e <5 Lyl dmal) AsD) cpead T, claliadl sl jeeds (ool g

Clasbiaall daglie 8 Bpaicne 50y M (s3) 8 plaidll y lgans dugaal) Claliaall Cudidll ye g dajially alaidl
Iaall Lbial) cKE ST e Al sda iiadg «(AMR) resistance Antimicrobiald.; <uwl)
Lol bl X5 2050 e dslasy .+ laty L€l bl 2ole e 50l ade a5 dudlal
Ladle ladliu oo dnall, A maly Aagliall 228 s el US agige ddine jadd (e 100 )l
Ll ae dalailly LS el ga ey 8 canadly Lyg e (il Seall saliaad) cilasiadl Jig) S520a
Ghlae oo g 3 ,(2018, 0sals Sala ), Lol gl Glaliadl) dagliey dadall GLEKH s3a Joc
Nagaraj) bl (2010, 0sals Rahman),iad) 3lsall (e o Yy s Jsal ld 5a0a dign
o Sl Sl chiliae dale calin€] Aula) b cling Al claball gld ¢ @l aay ¢ (2014, 0s0Al
Craadial iy chdall e, 8 gl Ladle Gl 25 00 Glal) il cpelil W L sl cldal)
Ally ) LYl oyt asandly Gligaydll Jie 48l GlSie g, i dadll Hsaall 3 dula, jalass
a3l ey . (Costa—Neto, 2005) wsaedll CllE (e opmud) die Cling )l 8 Lgigaaiis ,I5ilS agils
Byia a3 (oY) Ahly AV e capiill (mad elldy ayell GISe B pall Houill Brda jas A die]dll
a5l ey .(Gomes Goncalves, 2017) dlay! pabel o il b acled L8kas Jga ,zlul o3l
Oo 2l Z3ad dadle jaleadS Lo alaal) 8 38 4l Y] e silly anall 8 Laalae] Labils ,chdal) aals o
Clbad) jeae Jia L3 ol A @il 4 Al libad)l GLES) ) sge cudlly (o)
Al cbill e ol cplaall cadl &y (Aminova, 2010) Erlich Poul asgia dasll gl
3 . Agls duanidng dub dwal iy Calliphara vomitaria 4.L3 iy Calliphoridae—Blow Flies
Aallaal Allad )45 LLAN (10 423UIN(E/S) Exeretion / Secretion 31aY1s #z1,aY) of daladl coluall cas

.(Septimus, 2018) 4,5l (b)) Gluwd Jaise Wiley @<l oy Gl ) il 7y

¢ Al (ha ciagl)

(97)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
Obﬂﬂb Sl 2\:1..«'4)43\ @J.L.d\ &\}N\ La (Sen AleassS Z\ZDAAJ\ t\}'a‘)f\ Uy el.u_;‘ ualliva dlled olasl -1

4 AgLasl LSyl aaatg chdall plua) paliiud | SbeSH Jdasl) -2
- 382 S Lyl gl i el Y1 s Alladl) LSyall auans 3

JES) (K il el Lndl 8 Bl il cilaaliiodl o (g SasS (g e bl Aglas —4

.LIJTUA.A

LS Bigle Gl (e @hydall e glsV sae clialiiual cibyhdl) (e guegil Jadiall ol jladl ¢hal =5
Jard) (3 kg 3)gall
Gfpdal) g ilai -1

oLl o Bl aa¥) sl pand (Al Auedal) Lty 3 Ll (U e cihiall e Jpeanll
Al lgle ,Jgeand) & elB)30 LLA L)@l Llals g Sl bl ilde) Lo Cinen @lliy Jaliall
e Al dllend Cula )5 daalag agled) 4S, @ilaa & jie 2XIXT Lasba) QLA A5l Galdd) 8 g
Al gl Aoy B3 Lgand)y e Slan) iyt (aldY) 8 Ciagy Ciekiy @lawdl diaall 3o
palll adad e anll  aiagy malill QLA Glall Joda jmend] Ly 8€ laid e, (gga8 Ll cuilSy
LoaldY) 3l dlaud) adid pag 2nsal) 10-7 2o A 350 ekl e Juang paldll Jaby 3, gasitiall
2 35 s dnyn Ol b ka0 3 oLl 8 L canall duad (DA QB 8 cuiin Gl aas e
Gt Ky e 4 Bla danu LD L AeSae el B o Led claing el shee il caal,
Cen laly iyl acd slai daals candal) Gl Cantie U e Bl jea) eniilly o850 4L
. 2023/4/9 422 <)

 culadl) elaly Bially Ll Gasl duglhal gyl -2

(98)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023

centrifuge i$)all 3hall Slea 1

Hood (gsall oY) danls 2

EEQ 4

Magnatic stirrer Llsll jlga 6

whsopl T

Gl (il 1 &) madips 39 8

ol Olisa | 9

autoclave aiaill jlea| 10

Sabrouads Dextrose Agar Ly | 11

Gl il 23 Jagl) -

DSl gle iy alall ol aiely AV el plalld oy o daan il gl
2205 Oy driiad) Al ciladat s o))l baugll sy (Sabrouads Dextrose Agar (SDA)
sla Al dilaly ¢ enn B)50 (A Gynsal)l piag & lasss 224lly (Sabrouads Dextrose Agar) (saue (10
Qo (i Badd sty ansal (Magnetic  stirrer) |, cwhaliand) dlyadll e Gyoall puagy 4] ke
didy 30 saal gilfaigh (1.5) iy, o (121) B dap (3ragall) aukaill Slga (8 driag oty chaull
Petri oy Ll (8 el s ¢ aha dnps ddd elygll Linyma dymng ,mbadll Slea (e (sal wig
{ a,hi dishes
Losll liai, cpal auiaill aiage (A yig ((HOOd) daiina A8y 8 dadns gyl il o 25 daw (9 €M)

(99)




Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
dadaall Cgl.;lfj\.&.é;s c&_}u\ cUazl Lgs\qj\ GL.MJ\ LA:; ,elall Ol ALK s ualinl] Aha dand aldg

Agllaniad cpal DAY 8,40 6laa 5

cilyhill 4,5 —4

A haall Aljal) (e dase 330 caggl) Jals (Swapping method) (iyall dasylay calyladll cae ) 3
cpdial) Galinadly Lglaas U8 Ciadd |, 5380 5 5add bl Wi crnall Tolee
deg el B Ay pdal) claliiual) dila) -5

Bl 2slally (o 5,0100) pins sy G, indl 58 Auuleall il Jastsd) SLaaY) o Lo
G S, elae e La el clodlall s L5 JSiMicroliter

ol (e SAY) Agall b Galiiondl 5805

dddlial)g gt

¥l sl Bydal v Galiiud jially paliieall il jlas) Gl Slaa) ddail) gzl cels) —1
15 et L g2 8 5ynaall Al ls) 6,108 (1) dsaad) b Bl Jsitial) Cudass 5520
caliiudl slad dusles SIS Trichophyton <byld o jehal @ Ul saill e dadlaiall aliiel)
daafti by galdiidl olad dsles I, Candidia <ljhd ciyel) Lin  (19.6ml)  dads | iy
il Ciiall aaeady i SSYI, 5S¢ Joaall peagy LS . Lagin Laaly Lisina 38 o 13a5(17.8ml)
(15.5ml) Lawis Hhaag, (12.5mg/ml) o dauis J&Y) 55l Loy (22.0ml) Jawins yhaig (100mg/ml) sa
5 +(25mg/ml 5 50mg/ml) S5 ( dblas) digina 3908 2ag53 Sy, Lagin laialy Ligina g 4 (s 138y
colS Joliall (e s B sea¥) sl Byda aua paliies o) 0 GC-MS Uias it e oualill
2-(4-Hydroxybutyl) , 2- Cis, Cis—,9,12- Octa decadienyl-loxy ethanol) ,alldll alsal)

. &dle g (Ethyl, 9— hexadecenoate , Cyclohex— anol

Vespa Orientalis 8,34 jaa) 53l paliiual aniil) Jadl) 0 1 Jgan

(100)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
58U Bae i Jgitisall ey

Lgia alyyhdl) g68 Cudal) Sy
Sl Trichophyton | Candidia (Mg/mi)
22.0 A 24 20 100
19.7B 21.5 18 50
17.5C 18 17 25
15.5D 15 16 12.5
19.6 a 17.8 b | clyhal) bugia

A Z\:u.\a.a QGJJQ 2929 At (2 Qﬁﬁ\ :\.g,'l.«iM\ Spral) g )

A ;\.33“ Gligd gag e ad Lages dgliial) Byl Cigal)

25 7 l
20 -
| C
15 A
m Candidia
W Trichophyton
10 A
5 .
0 T T T T
100 50 25 12.5

Vespa Orientalis 8,3l jaa¥) 53l palidiual (Janiil) Jadl) g (1) J<id)

kg Trichophyton ;5 Candidia gay <ljbdll (e 28 sai wa sl B aie Jgiliaall Gyl
sl jLasy)

(101)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
Jhall 403 Bydal aws paldied jiall paldiea) il jlod) clibd Slas) daaill m8l cyelal -2

1 ela gl (s30 b8l Ayhaill glgi¥) 8 EA) ,(2) Jsaal) b Taially Jsilindd) Cudars ol
caliical sl dsles JS) S Trichophyton ki o) jehal @ Jall sl e d8liadl (aliiill
L iy Galiied olai duelus B8 Candidia cilphi cigl) L (16.0ml) L, g
Auyladll Y5l qanly Jasii FSYI, SN o) Jganll eamgs LS . Lagias Laaly Lisina 3 cpon 18y ,(13.3ml)
(12.5ml) Loy, g (12.5mg/ml) s Lain (&Y, 35l ey (17.0ml) Lasis jhadig ,(100mg/ml) e

25mg/ml 5 50mg/ml) 3S15 (s ddlaa) disine (B9 8 g Y Gan (B, Lagin laualy Ligina g jd (i lag
oS Pl s o830 Jladl Al Sk auen (alities o) (uf GC-MS (s il e cpalills 5
. &lle g (5- Butyl- 5- ethylheptadecane , Ethyl, 9— hexadecenoate) dllxdll gl

«wiuCalliphora vomitoria-Blue Bottle Fly ¢G&,3)) Jhd) 4Ld Galdiual Jaufil) Jaidl) 0 2 Jgaa

Jsitinall

Hsie il il g5 ol 55
A | Trichophyton| Candidia (Mg/ml)
17.0 A 19 15 100
15.08B 17 13 50
15.0B 15 0 25
12.5C 13 12 12.5

bugia

16.0 a 13.3b
iy il

g dagine clig B 3ga pae ad L) Aguliiall Spiuall cigall

g dgina cillg b agag pde Aad Liges dgulddall Bl Cig all

(102)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
20 -
18
16
14 ,
12 |
m Candidia
10
W Trichophyton
8 .
6 .
4 .
2 .
0 T T T 1
100 50 25 12.5

Calliphora vomitoria—Blue Bottle Fly <3 3 Jhd) 4.L3 aliiual hall) Jadl) gy (2) Jsid)
Ak Trichophyton 5 Candidia hy clpbill Ga 38 sai Ma 3 b sie Jgilal) cula

sall jLasy)
Glalisiay)

4 e o8 Akl glgi) s Lsleaad) uady cglés Anbal) cilabiaal) dowbas L) =505 el -1
- Vil asaal el dudauii 5,08 Ketoconazole aliadl) el Js
SR s Al (gyladll goall Cus Yl ldal) slual Ldall 5yl Lid) A iy =2
. 100 mg/ml (K ale IS0 claliiuall oY) 5<5l -3
JJLAAS\
Sala A <«Cabassi CS «Santospirito D <Polverini E <Flisi S <Cavirani S ¢(2018) <Novel Naja
atra cardiotoxin (CTX-1) derived antimicrobial peptides with broad spectrum activity.
PLo0S One.; 13(1): 1-22.

Rahman H <Austin B <Mitchell WJ «Morris PC <Jamieson DJ <Adams DR ¢« (2010) <Novel anti-
infective compounds from marine bacteria. Mar Drugs.;8:498-518. doi: 10.3390/md8030498.

Nagaraj R <Prakash M <Karmegam N.(2014) <Antibacterial activity of Morinda umbellate L. (Rubiaceae)
leaves by resazurin redox method. Int J Curr Res Biosci Plant Biol.;1(5):53-57.

(103)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
Costa-Neto, E. M. (2005). Entomotherapy, or the medicinal use of insects. Journal of Ethnobiology, 25(1),

93-114 .

Gomes Goncalves, M. P. (2017). Relationship between Meteorological conditions and Beetles in Mata de
cocal. Revista Brasileira de Meteorologia, 32(4), 543-554 .

Gomes Goncalves, M. P. (2017). Relationship between Meteorological conditions and Beetles in Mata de
cocal. Revista Brasileira de Meteorologia, 32(4), 543-554 .

Septimus EJ.(2018). Antimicrobial resistance: anantimicrobial/diagnostic stewardship and infection

prevention approach. Med Clin N.; 102(5): 819-29.

Schimitschek, E. (1968). Insekten im Brauchtum, Kult und Kultur. Hanb. Zoology. 4Bd .

Gadal)

Trichophyton c,hdll gai Jastis (1)5)5.all

Candida -\.,L3) s m (2)85all

aa¥) el aldiia sl el (aldiaa

(104)




Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023

Trichophyton cyhill s Lt (3)5)5all

Candida c\yhd) s Lyiss (4)5)5.al

slig 3l dladl LL3 paliio
gl dladl 44l Galiiie

Summary:

The study was conducted from 1/11/2022 AD to 1/4/2023 AD in the laboratories of the
Faculty of Science - Department of Life Sciences - University of Tikrit, where the study
aimed to test the effectiveness of an insecticidal body extract (Calliphora vomitori, and the
eastern red wasp Vespa Orientalis) and concentrations (100 mg / ml, 50 mg / ml, 25 mg / ml,
125 mg / ml) against a number of pathogenic fungal species, namely: Candida and
Trychophyton.

The results of the statistical analysis, for the data of the extract diffusion test by drilling,
for the body extract of the blue hero fly insect, and with the methanol solvent, showed that
the fungi Trichophyton were more sensitive to the extract at concentration (100 mg/ml),
while Candidia fungi showed less sensitivity at concentration (25 mg/ml), and this shows a
clear significant difference between them. The results of the statistical analysis, for the data
of the extract diffusion test by drilling, for the body extract of the eastern red wasp insect,
and with the methanol solvent, showed that the fungi Trichophyton were more sensitive to
the extract at concentration (100 mg / ml), while Candidia fungi showed less sensitivity to
the extract at concentration (12.5 mg / ml), and this shows a clear significant difference
between them.

The study concluded that the sensitivity and quality of the active compounds of each
extract are a necessary determinant to inhibit the growth of pathogenic bacteria and fungal
species from others.
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The Explicit Method for Solving the Two-Dimensional Wave
Equation

Abstract:

In this research, we used the explicit method to solve the wave equation in the two-
dimension with boundary and initial conditions, where we presented the general formulation
of this method, and among them we used the general formulation of the wave equation in the
two - dimension with initial conditions and boundary conditions within the period [0,2] and
starting from time (t = 0) to a specified and known time (i = 1) .

Keywords: Explicit method, wave equation. Two — dimensional wave equation
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+(2) sl & LS aslall (g dille dnpn Ao dabidat CadlsSy Al slge el
NO Substance chemical formula | Purity supplying
company
1 | Methyl dopa CioH1sNO; Pure SD1/Iraq
0
2 | Potassium periodate KIO, 9.0 % BDH
3 | Meta aminophenol CeH;NO 99.0% BDH
4 | Potassium chromate (K2CrOy) 98% Fluka
5 | Ferric potassium (K4Fe(CN)s.3H20) | 99% Fluka
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cyanide
6 Pyrocatecol CoHeO, 99.9% SDI/Iraq
7 | 4-Cloroanline CeHeCIN 99% Fluka
4-dimethyl amino 0 Fluka
8 banzldehyde (CH3)2NCgH,CHO | 98.9%
g | Hydrochloric acid HCl 37% BDH
10 | Soduim hydroxide NaOH 98.8% BDH
11 | N-bromosuccinimide C4H4BrNO;, 98% Fluka
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13 | Methanol CH;OH 99% BDH
14 | Acetone CH3COCHGg 99% BDH
15 | Diethyl ether (C2H5).0 98% BDH
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ml of 1.0 M HCI Absorbance

0.0 0.7952
0.3 0.5832
0.5 0.4490
0.8 0.3439

1 0.3366
1.5 0.3170

2 0.3214
2.5 0.3352

3 0.3422
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Joanll o3 3 Aliall gyl alasialss (bl @il pabaial Lo (o2 60 = 5) phall clays ik dus
c(7) dsaadl b Aise ilially ARl el (e Lgale
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Temperature, °C Absorbance
5 0.5101
10 0.5346
15 0.7392
20 0.7953
25 0.7898
30 0.7942
35 0.6866
40 0.6894
45 0.6961
50 0.6739
60 0.6143
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Time (min) Absorbance

0.0 0.793

5 0.795
10 0.779
15 0.783
20 0.795
25 0.716
30 0.732
35 0.732
40 0.732
50 0.732
60 0.732
70 0.793
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No. Order of addition Absorbance
I D+O+R 0.7957
1 D+R+0O 0.5793
11 O+R+D 0.4152
\V/ R+0O+D 0.3221

Methyl dopa ( D), Potassium priodate
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Solvent Amax(NM) Absorbance
Water 495.5 0.7952
Ethanol 476 0.460
Diethyl ether [  ——- gies!
Acetone 450 0.400
Methanol 500 0.632
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Recovery % =RE % + 100

Conc., MD Recovery Average
RE(%) . RSD(%)
pg/ mi (%) recovery”,%
12.5 98.3 0.766
-1.642 98.95
18.75 0.399 0.246
99.6
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dine ity LY avall cpasivall e dayhll gl 40l€a) dass e gabaial) e daadival) cdla) sl

palaiay) B cddlaial) il (13) Jgaad)

Recovery (%) of 250 ug Mthyl dopa / pg and
Foreign Compound Foreign Compound Added
100 200 300
Mannose 100.77 99.67 100.5
Glucose 100.3 100.7 100.8
Sucrose 99.52 100.7 99.77
Maltose 99.15 101.6 100.8

GAY) @EhhY aa Akl 4l

Al g (14) &) Jsaally oAl daila 3ihla pa Liga el il 4o i) disyhall 45)lke e

GAT Gibh ae AEa (14) &) Jsss

Analytical Literature® Present
Parameter Method Method
N,N-dimethyl
Reagent paraphenylenediamine Meta Amino phenol
dihydrochloride
Beers_llaw range 20 -24 5_ oo
pg.mi
Solvent Water Water
Molar absorptivity 1.0624 x 10° 3.4777 x 10°
(I.mol*.cm™)
Amax (NM) 556 495.5
Average recovery(%o) 100.17 98.95
RSD(%) 1.340-1.793% 0.766 — 0.246
Temperature RT 30-15
LOD 0.2060 0.526
Lo 1.594
Colour of the dye violet Orange
Sandel Index pg.cm 0.0224 0.0685
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Abstract

In this paper, the Rabinovich-Fabrikant (R-F), three dimension continuous-time dynamical system is
dealt. The equilibrium points, stability analysis, chaos detection, and Adaptive control technique were
used to analyze the (R-F) system (1). Findings revealed that the (R-F) system unstable hyperbolic
equilibrium points. The Lyapunov exponent L, = 0.289887,L, =0.075847,L,= —0411732 . which

indicate that the (R-F) system highly chaotic. By means of adaptive control and synchronization, it was
found that(R-F) system (1) is stable, and the adaptive synchronization achieved good results. Finally, the
electronic circuit is design for implementation of chaotic (R-F) system by Multisim (14.2)

Keywords: Stability, multistability, Dissipativity, Lyapunov exponent, adaptive Control and
Synchronization, electronic circuit

1-INTRODUCTION

Since the expanding boundaries of chaotic application in the fields of science and engineering research on
chaotic phenomena has drastically grown during the past few years. The system is defined as chaotic if
three condition are met, first: the orbit is bounded in a finite region of space, second: the orbit is
aperiodic, third: the orbit is sensitive to initial condition [2]. The Lapiynuov exponente is one of the basic
methods for determining the chaoticness of a system, if one of the values is positive, the system is chaotic
([31,[4]1,[5]). Scientists have introduced many chaotic dynamical systems. Edward Lorenz is one of the
earliest and most influential pioneers of chaos theory, in 1963 Lorenz presented chaotic system of three
ordinary differential equation ([6],[7],[8]). In1977 ROssler, was ablate extract simple asymmetric attracting
structures from the Lorenz attractor ([6],[9],[10]), Chua system ([6],[11]) Chen system ([12],[13]). In 1979
the Rabinovich-Fabrikant chaotic system was developed by Mikhail Rabinovich and Anatoly Fabrikant,
([14],[15],[16]). Describing modulation instability in a non-equilibrium dissipative medium, this finite-
dimensional mode can describe various physical system such as wind waves on water, Tollmien-
schlichting wave in hydrodynamic flows, Langmuir waves in plasma, and waves in chemical media with
diffusion [8]. There are multiple ways to control a chaotic system or convert it to a stable system like
feedback control, adaptive control, active control, and sliding mode control ([17],[18],[19]). One way to
control chaos is to synchronize tow osystans, the drive system and response system [20], Synchronization
between two identical or non- identical systems has attracted a great deal of interest in various fields and
engineering [21].[22],[23]. This paper, consist of six sections: section (1) present (R-F) system
with ten simple terms include five nonlinear terms. Section (2) system analysis, via equilibrium points
stability, Dissipativity, Graphical and numerical analysis Multi stability, Lyapunove dimension. Section (3)
Adaptive control technique. Section (4) Adaptive synchronization strategy. Section (5) Electronic Circuit,
and section (6) the conclusion.

(2) System Description
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A three _ dimensional dynamical (R-F) system (1)[14], consist of three ordinary differential equation

and tow _ parameters :
x=wz—1+x°)+ ax

y=x(3z+1—x")+ ay (1)
1=—2z(b+ xv) (x,
y, Z) are state variables and (a ,b) are parameters Where

a=0077 , b=101

(3) System Analysis

To analyze the dynamical system, We determine the (R-F) system's equilibrium points. ,this equates the
equation to zero. So the equilibrium points are
E,(0,0,0), E,(+15378, F0065,-0.26909) , By, (+0.0438,F2.2831,1.7635)

(3-1) Analysis of stability (3-1-1)
formula for characteristic roots

The (R-F) system (1) is stable, provided that the eigenvalues own negative real numbers. The Jacobi
matrix of( R-F) system at Eo(0,0,0) is:

1 0077 0

[D.D?? —1 0
o 8] —0.4

It's characteristic equation
AT+ 004647 + 09751291+ 0.2011858 =0 (2)

The roots of equation (2) are :

A, =-02 ,A,=0077+1i ,A;=0077—i

Proposition 1: by root of characteristic equation, since 4,45 are complex and reel part are positive
numbers, Therefor the (R-F) system (1) is not stable

(3-1-2) Criteria of Routh stability

Routh criteria states that(R-F) system (1) is steady, that each term in Routh Array table's first column
are positive values, is a necessary and sufficient condition.

@, = 02011858 ,a, = 0.975129 ,a, = 0.046 ,a, =1 , b, = 225"8% = 33954753

7’
L

Table (1) Routh arrays for the(R-F) system (1)

JE 1 0.975129
A 0.046 0.2011858
At -3.3984753 0

A? 0.2011858 0

Proposition 2. Since there is negative element in Table (1)'s first column. Therefor the Routh stability
condition is not met. The (R-F) system (1) is hence unstable.

(3-1-3) Hurwitz stability criteria
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Using coefficients of the characteristic equation, we form square matrix. If the Hurwitz determinants

are all positive the system is stable.

-1 Hy-3 g 0048 02011858 8]
[ By iy an—at] = [ 1 0975129 0 ]
O Byy Gyg 0 0.046 02011858
Ay=a, | =0046 =0
1, 173 Bp—1  Hp_g Oy
ﬂ.2= ‘ ;_1 an_a‘ = —01563298 <0 ’ -&3= Ly Bp—pz Hy_y| =—00314513 =0
" " 0 Byp—1 g

Proposition 3. By Hurwitz stability, Since A, ,As are less than zero, so the system (1) is unstable.
(3-1-4) Lyapunov function

Let the Lyapunov function of R-F system (1) is
V=(xyz)= 3;:2 + 3}?2 + %zz
Vix,v,z) = x% + v¥ + z2 (3)
By substituting the R-F system (1) in (3) we give
Vix,v,z) = ax® + ay® —2bz® + dxvz — Zxvz® (4)
Proposition 4. By substituting the initial value in equation (4) we get
Vix v, z) = 24041629 > 0, Then (R-F) system (1) is not stable
Table (2) stability analysis

Equilibrium points Characteristic Routh Hurwitz Stability
equation roots stability stability
A = 2.2 6g = 0.2011 [ A;= 0.046
e, = 0.9651
Eo(0.0.0 A =0.07+¢ o, = 0.046 | &z= —0.1563 | Unstable
gz =1
A3 =007 — ¢ by = _3.308 Ag= —0.0314
A, = 2.80865 By = —22.6 | A= 0.046
e, = 0.0492
Bz = (+1.5378,F0.65,-0.26909) | 3 — 1424 245 oy = 0.046 | 8g= 226071 | Unstable
gz =1
Az = —142 — 245 b, = 401 45 Ag= —511.02
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i, =032 6y = —4.39 A= 0.046
6, = 13.587
g = (100438, F2.2831,1.7635) | 3 — _g1as4 360 oy = Ddg | Bo= 502 Unstable
g =1
;= 018 — 360 by = 109.13 Ag= —22.064
(3-2) Dissipativity
letf, =x ,f, =% and f; =2 inthe system (1)
Then (%, 3, 2)7 = (fy, fo. )7
V(% 3 207 = %+ Zi;+ Zi: =2(a—b) = —0.046 Not,
that f = 2({a— &) < 0, so the (R-F) system (1) is dissipative if ( & = a). The

system (1) is conservative if (a=b)
(3-3) Graphical numerical analysis

System (1) has been solved by the Rungl-Kutta technique of fourth order with initial values
Xy = 3.6548 v, = —5.1083 ,z, = 9.1086

(3-1-1) Wave form analysis

Wave-form of (x, y, z) with time, for the system (1) is illustrated irregularly in figure (1), it is one of the
basic ways to describe the chaotic dynamic system.

My Hll HH i ‘| ‘

E’[Imlnluuﬂn\\lh 1‘ { |,‘\ ‘| I|
Y

x(t)

> 1500 2509 o 500 1000
t(s) WS)

(i) (i)

(iii)

Figure (1) Wave-form of(R-F) system (1): (i) x-t, (ii) y-t(iii) z-t

(3-3-2) phase portrait of (R-F) system (1)

The strange attractors are shown in the phase picture of the (R-F) system (1) in Figure (2). in (x, y), (X,
z), (y, z) plane, and figure (3) exhibits chaotic attractor in (x, y, z), (y, X, z) space.
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(iii) Figure (2)
The phase portraits (i) in x, y . (i) in x, z . (iii)iny, z

(i) (ii)
Figure (3) The phase portraits of 3D Rabinovich-Fabrikant chaotic system in (i) (x, y, z)space, (ii) (y, X, z)
space.

(3-4) Multistability

Multistability (coexisting attractors) of nonlinear dynamical system mean, by changing the initial
condition for same parameters of the system is achieve the coexistence of many aspects according to the
table (4), as in figure (4) Table (4) coexistence
with different parameters and different initial condition.

Initial conditions Parameters Color Figures
Xg=3,¥,=-5z,=9 Green
Xy=—8 7, = 10,z5=5 a=0.077 Red Figure (4) (i)
Xg=—7,¥; = 5,2, =3 b=0.1 Blue
Xg=3,¥,=-5z,=9 Green
=8y, =10,z,=5 a=-1 Red Figure (4) (ii)
Xg=—7,¥; = 5,2, =3 b=-0.287 Blue
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Figure (4)(i)

Figure (4) (ii)

Figure (4): Multistability of three attractors with three initial condition corresponding to table (4)

(3-5) Lyapunov Exponent

The Lyapunov exponents are a means of rate at which nearby trajectories in the phase space
diverge from each other. They can be used to determine whether the system is chaotic or not. The values
of Lyapunov exponents are (L, = 0.289887 ,L, = 0.075847 ,L ;= —0411733). And

¥, L, = —0.0459Therefore, the Lapiynuov dimension is D, =2+

Ly+L,

T 2888279 Hence system (1)
-

is Hyper chaotic system since two necessary and sufficient conditions are satisfied: First, two Lyapunov
exponents are positive from the three Lyapunov exponents. Second, the sum of all Lyapunov exponent is
less than zero. Figure (5) illustrate these Lyapunove exponent

Lyapunov exponents

-80
o

P Dynamics of Lyapunov exponents

40

20

.

o

-20

-40

-60

5 10 15 20
Time

25 30

Figure (5) Lyapunov exponent (L1, Ly, L3) of Rabinovich-Fabrikant system (1)

(4) Adaptive control technique
Theoretical results

(4-1)

To maintain the stability of chaotic (R-F) system (1) with unknown parameter &

The response system is

X=yz—y+x’y+0077x+ u,(t)
F=3xz+x+x?+ 0077y + u,(L)

£ = —2bz —2xyz + u,(t)

(5)
Where (x

,Y, Z) are state variables, and (us1, uz, us ) are the feedback controllers

The adaptive control function are

My = —¥I+ ¥ —xly —0077x — HyX

u, =—3xz—x+ x —0.077y —

Uy = 2bz + 2xvz — HqZ

(.0, . 65) are positive, and( & =1)is the parameter estimate of( b)

¥ =—fy

z=—2(b—b)z — Bz

the parameter estimation error
given

¥

€

(150)

Where
x=—fiix
(6)
Let
(7) Substituting (7) in (6 we
—fyx

%
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¥ =—fy (8)

£=—Ze,z— fi;z The
Lyapunov function of new system (8) is

Vix,yz)= 3[1’2 +¥ +zt +ef) Differentiate (2-16)
we get: V =xx+yi+zZ + e, é,
(9) Andlet &, = —b (10)
We substituting the equations (8) and (10) in (9) we given as:

F=—f,x2— f,v% — Bz’ —e,(z2+ b) (11) Suppose
that b=—z2+ e, (12) Substitute (21) in
(11) we get :

V= _lez _1'?2}’2 _Bazz _184‘95 Where

B, >0 ,then TV(xyz)=<0 Proposition 5 : By
Adaptive control , the eigenvalues, Routh stability criterion, Hurwitz stability, and Lapiynuov stability are
stabilized So, the system (13) is stable.

(8-2) numerical results

Rung-kutta for controlled chaotic system (16) with initial values (x4, ¥3, 240 = [3,2, —4] and
[, = 20, £, = 20, 3 = 10]. The controlled state trajectories of the (R-F) system (1) are illustrated in Figure (6).

= K 7;7

1

ofF - 4
/

o 20 a0 60 80 100 120

t(s)

Y72

Figure (6); a path of state variables (x, y, z) for the controlled system (1)

(5) Strategy for Adaptive Synchronization. (5.1)
Theoretical results

This section covers the synchronisation processes between two Rabinovich-Fabrikant (R—F) systems
when b is unknown parameter

The first : the drive system the chaotic (R-F) dynamics described by
=wI,— W+ xl}rl + 0.077x,

_]:?'1 =3xyz, + x,—x] + 0077w (13)
= —2bz, —2x,% 2, Where (x4, ¥1,2;)
are state variable and the parameter (b) is unknown

The second : response system, the controlled (R-F) dynamics represented as
=y,2,— ¥, + xz}rz + 0.077x, + uqlt)

jrz = 3x,% + X, —x3 + 0077y, + u,(t) (14)
£, = —2bz, — 2x,V,Z, + u4(t) Where(x,,¥,, 2, are state
variable and the Adaptive control input ({1, (), 1,{t),15(t]) and (b)is parameter unknown .
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Adaptive synchronization error gets by:

€1 = X)Xy =¥, ¥ .83 T E;TEy

So, Adaptive synchronization error dynamics given by
b, =e,eq+ Z,8,+ Ve — e, +ele, + e+ xle, + 0.077e, + 1y (L)
&, =3(e,e;+zy0, + x )+ e, —ed + 0077, + u,(t) (15)

&= —2bey; —2(e e,eq +z e 8, + Voo H x eyt 2 e e, e e+ x e e )+ gt

We define the adaptive control function 1, (), 1, (t), 15(t) by

Uy = —e,ez, —Z,8, — V€, t €, —ele, —y e, —xie, —0.077e, — e

u, = —3(ejeq+ z,8 +x,0.) — e, — el —0.077y, — f,e, (16)

1y = 2bey + 2(ee 00 + z 0 0, + Ve 00+ Xy @00+ Z e 8, + Ve eq + X 2.0, — Baes Where

(1, B2, 5 ) are positive real values and & is astimater of parameter unknown b

Substituting (16) into (15) we get dynamic system (R-F) of synchronization error g, =—fi,e;
¢, = —fe; (17)

parameter estimator's error is:

e, =b—bh (18) Substitute (18)
into (17) then the dynamic of synchronization error : e, =—f,e,

¢, = —ff,e; (19)

g3 = —2eyeg — fize,

According to the Lyapunov function the quadratic Lyapunov functions

Vie,, e, &g, 2,1 = gef + %ezz + geg +%e§ (20) Not that
é, = —b (21)

Deriving the equation (20)) and substitute the system(19) and equation (21) we get:

V=—fe, —fe,— e — e, (2el+B) (22) Hence, new
parameter estimation b= —2el + fe, (23)

Where f5, =0 Substituting the
equation (23) into the equation (22) we obtain:

V =—0e, — 05— .05 — fye, Hence,

V(e €5 85, 2,) < 0 ,the Lapiynuov stability. Thus the dynamic of the synchronization error is stability

Proposition6 : by Adaptive synchronization), where &, = b and b= —2ed + B,e, andfy, iy, fa, B, are
positive constant, The chaotic (R-F) drive system (22) and the response system (23) is stabilized.

(5.2) Numerical results

Use the 4th-order Runge-kutta method to solve system of synchronization error (19) We take initial
valuex, =6,¥, =2 ,z,=—5 andff; =5 ,i = 1,2,3in Figure (7)
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e1

o2
4 e3 |
> | 4

o 200 400 600 800 1000 1200
(s)

e1, 62,63

Figure (7) convergent of error dynamic (19)
(6) Electronic circuit

This section shows the electronic circuit design of The Rabinovich-Fabrikant (R-F). By applying
Kirchhoff's law we form the eIectric equation.

a1

dt B.C, J"I'; B, ¥ 4511};

dy 1

S — —

dt R;C,_ 31{"%’4_35 ZI{" R?E,_ Ve +REC2 VJ" (24)

2b _ —

— Rgﬁg (—21) . 21-’ AN Where V,, ¥, 1,
are the output voItages and

K, =10V ,the outputs areV, = V.V /K V, =V V /K V. =VV/K, V =VLELV/K,

Voltages and time normalized by dimensionless states variables

If;=1V.xJV},=1V.}IJIJ;=1V,zJt'=1:.t=1DDt (25)
substituting (24)in (25) we get.

% - R:L'i R chi ¥y R:L'i Xy R,,ci

:f - Rgcz 3xz + R:C,_ T R:Cz X+ R:Cz Y (26)
% = _R-a'fs 4z T EaG dxysz

comparmg system (26) with system (24) we get

= = = = = 1 = = , = 3 , = zb’
o B, Ly By R5 Lo Rl R'4ﬂi Rgl, Ry Rl Ry.Ce

When O, =0, =0;=1,

R,=R,=R;,=R,=R,= 1000 R, R, = 129870 R, = 33.330,R, = 500 (},R,, = 500

Hence the experimental electronic circuit (26) for system (1) was simulated by electronic simulation
Multi SIM (14.2)

T T — T T
E—
RrR1 >< S V1
A —
1000 20v
R2 c1 -
1000 uFI T
R3 ==l
1000 Y V3
R4 2ov
FE =< A
50002 <3 =
R10 1uF
500
RS vz
33.330 c2 [ 20v
R6 {1 L
1uF — v
1000 R
R7 - x
. CE
10002 hd
R8 ‘ :
298. 7m0 ><

Figure (8): sketch of designed circuit of chaotic system (1).

(7) CONCLUSION
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This paper presents a comprehensive analysis of the Rabinovich-Fabrikant (R-F) three-dimensional

continuous-time dynamical system, It's solution through fourth order Runge-Kutta method. The study
covers various aspects of the system including equilibrium points, stability analysis, chaos detection,
adaptive control, and adaptive synchronization. The investigation reveals that the (R-F) system has
unstable hyperbolic equilibrium points by all method such as (characteristic equation roots, Routh criteria,
Hurwitz stability, and Lyapunov function). Dissipativity shows that R-F system dissipative such that (b>a)
for all positive values of the parameters (b,a), and conservative if @ = &. From the graphical analysis, multi

stability and values of Lyapunov exponents (L, = 0.283887 ,L, = 0.075847 ,L,= —0411733 ) and
Lyapunov dimension I}, = 2.2882792 indicates that the system is highly chaotic. However, through the

application of adaptive control and synchronization techniques, the system can be stabilized, and good
results can be achieved. Furthermore, the Multisim (14.2) program is used to create an electronic circuit to
implement the chaotic (R-F) system. Overall, the findings of this study contribute to a better
understanding of the R-F system and its potential applications in various fields.
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C (200-800) nm quartize cell sl 3)lsS deaiiial) LA
lcm
Sartorius BL210 SAG 210-SAG sl (hae| (Sl ] .2
PH meter Jenway 3310 amalall adlall Wl @ Jlea | W3
3310 (o
dadiial) CadilgSllg duiliasSl) Al gall
relld an (2) Jsaadly eglanll dille Cadlsy anilia dlga Crnadiinl
dadiioall Cad)eSlly duiliasst) 3fgall (2) Jyaad
iad Ol
Ahash) and) diliassl) dasall
Moleculav weight
Chemical name Chemical formul
g/mol
Methyldopa C,oH3NO, 211.215 g/mol
L-Tryptophan C,;H2N,0, 204.23 g/mol
N-Bromosuccinimide C,H,BrNO, 177.98 g/mol
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Hydrochloric acid HCI 36.458 g/mol

W saant g daddiocall duiliasSl) Afgall Jullaa
155 (4.7345 X 107 ) Jafaleg L1000 bl Ligs Jiall J glaa

) paal) JSi 25 ey ALl sdaaall slall b gy Jiiall (e phe 0.10 &30 Joladll 138 juass

sans 258 3 100 ml
;65 (0-9469 X 1073 ) Jof abf 3,8k 200 Ligs Jisall Jglaa

Lsa Jdiall (o el aslidl) Jsladl 3 20ml Ciiasy Ja fohe 5)Sike 200 Jslaall 138 ymn 38

bl elaly 4dtall ax M anall Sy Jo 100 das dpans 438 & Lo/ e s Sle 1000 585y
tgNsa 1 X 1077 35 Oliging —L Jslaa

i ) Jolaall J 5 cag claill g slall 8 lagus = L e 0.204g 23 Jsladl 138 e

el Ll 4dlall I aaall STy 100 Ml A 4zens
¥ 2 X 1072 5uS)h daia€ugagye — N Jglaa

) dsladll J&5 a5 Gas Osied) e 8 MI 8 dasiseuses 5N (50 0.355g D3k Jslaad) juans

gse 1 5uSii &y sl agl) paals Jglaa

(161)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
ity (N5 12 38l clslSypnagll panla (8 (9¥5w 1 53850 liyslSy gl Gaals Jslae jan

(afabfsSila 200) Lsa Jitall ¥ spuall aslosal) Jslae

el As0) Jama 2L (e canagal) byl I Ligy Jfiall ¥ arcall jasiosdl) aladin) o5
&S ey el e at (4.38) (il 10 238k Jolaall jumass Lgy il (0 aile 250 e (g5ns s3I6S.D.|
el elall (e 4pe€ Bilial pa caliad) il elall (e AL Z0aS 8 4ie a2 0.1752 403 i o gk
100MI drs dana 438 3 aaad) JLaS) o5 Loy Gle Bae Hhadall bl )l dut g Jolaall madi s &3 (e
Jolaall 138 e Ja 20 Jaig e/ abes <ile 1000 355 Jslae Ao Joamall Ldkall an N jdadal) clally
Varall il Jslae e Jsanll Hlial claly adlell ) asall Qs cdo 100 daas Gpans L

daf s Sle 200 S5y
AaBlially gilall)
Ay ) |ass

Sl gagym N 2S5all Jalall 2gags Glaginp —L S aa g Jiall 8l e 4yl fase acia
g cplasy)
Daiu€u gagm N auSiall dalally Glagn g —L oA ae Ligs Jaiall aleana¥) cinla 4l o3

Jslaa A (550 2X 1077 50850 darias sag 5N (e o 1.5 ilia) 5 Cam ol pagh) (iaals Jslaas

1X 107 585 glasiiL e Ja 2.5 bl s =50 ae dof ahes il 200 5858 Je 2.5 Ligy Jiial)

(162)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
oels 4283 (15) 5aad Jlaall @iy el 385 @lislSy gl (ks o de 0.5 d8lal a5 e (Y5

Jsdaall Jlie 2a5ils (532) asall Jshll 2ie alosial el o) dum ¢l aesiiall Ll Gl osial

Jelill L Biall Cig Al Ay
L a1 3 Ll g (sl gl aleaial o) e ) Jelill Bl Cig ) lasl 3
el IS WAy da (20) dns dpans

U R RAL | IEY

200 355 Lo Jdidll Jolae e de 2.5 (2% 1077555 mania€en sagm N (e Jal .5 3L &
e da 0.55 6 Nse 1X 1072 5Kl ity syumnal) Cadls€ll Uillae (o o 2.5 d8lial &5 (a9 Jof abegSile

A(3) Jsaall b Aaiage Ftlly (grpall lglaa Bilie Jolaa JSI palaia¥) (ulid o5 4kdy 15 g e aaag

@il ggi il (3) Jsas

Reagent A Max (nm) Abs. Chemical formula
L-Tryptophan 532 0.487 C;1H12N,0O,
P-Bromoanaline 560 0.17 C¢H(BrN
Resorsenol 483 0.168 C¢HcO,
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O-Toluidine 450 0.432 C,HyN
1,5-naphthalene-4-Sulfonic acid 423 0.388 C,oHgNo0sS
2,6— Diaminopyridine 502 0.343 CsH,N;

(532) sase Jshas Oolal) mlill Gabaial oY aniis Juail ae) 43588 Gligig — LeadlSll jlasl

e gl
LYY LBELS des LSl
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Jslae IS Galiaial Gl o3 A (15) g0 2y sdaial) elalls 4dlall an ) aasll Jly <o (20) dass

(4) Jsanll b A bl (gpseall alslae o

RS daS 55l (4) Jgaad

Methyl dopa Methyl dopa
Methyl dopa 1ml
Reagent 1.5ml 2.5ml
10 pg/ml
15 pg/ml 25 pg/mi
S.B S.W S.B S.wW S.B S.W
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0.5 0.135 0.211 0.186 0.298 0.205 0.331

‘=]
5
W

1 0.194 0.286 0.276 0.342 0.316 0.427

1.5 0.215 0.313 0.301 0.459 0.412 0.553

2.5 0.240 0.426 0.364 0.544 0.489 0.602

3 0.237 0.411 0.352 0.514 0.456 0.625

cabaaial ciola Jia S8.B 5 slall hlae bl Jolaall paluaial capla Jiay S.W (4) Jsand) & s

o3 Al Galiial dad o) acl CaBISH Ja 2.5 anall o) maage LSy (gyseall Jslaal) e gl Joladll

A ol salae)
2Sha Jale il Lasl

2 X107 S5 lgnen 0205l Jalgall (o degana (e o 1.5 bl 2u€Ge dale Jadl A @

107 55 il e de 2.5 &bl &5 (rag dofali g Sile 200 Lsd Jiall Jslae e Ja 2.5 ) (55¥50
daSls o (20) dms dpena A8 o dlade (B (Y50 1 S5 el pagll (aala (10 Ja 0.5 )¥se1X
Grsall dglan dilke z3sad S paliaial Cisda (el 23 4282 15 9 0 anag phaiall slall adlall as ) agasl)

(5) Jsaadl b i sl
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oabaid) Ao augiall Jaladl il (5) Jgaadl

Oxidizing agent Chemical formul A Maxnm Abs.
N-Bromosuccinimide C,H,BrNO, 532 0.485
Potassium Periodate KIO, 425 0.411
Frece Chloride FeCl, 496 0.175
Potassium iodate KIO; - -
Potassium persulfate K,S,0q - -

Colal) 8 aaladind 7 13l caaia€in gag N 58 2150 Jale Jumdl o) (5)dsaall & maage LS

L4z
S iall Jalad) dias Ll

e (2.5 =0.5) (e dasia€an sagp N (1o Aalide agan 33 a3 20S5all dualal) LS il Ayl

‘é_'u\_'é ‘._?J d—A/ ahe g Sl 200 S5 Ligs Jid) Jolaw e Jw 2.5 () aidlialy g¥9e2 X 107 SHug

oo e 0.55 Y51 X 1072 585 Olgng —L Cadlll e Jw 2.5 bl o5 (jag cJa (20) A dnena

uu\:@. ?3‘ 4\.5:133 (15) J9R Aty Akall as c.sJ\ ).L;Ld\ ;Ldb e;al\ dﬂsb g;j}.;}o 1 ‘):\S‘j-'\-t sﬂf»ﬁj)ﬁé@l\ um\;

(6) Jsaadl 8 dine iliilly (5)uall alslae Jilie Jolas IS Galiaial

MuSiall Jalad) daS 15l (6) Jgand)
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ml of N-Bromsuccinimide Absorbance
0.5 0.325
| 0.435
1.5 0.489
2 0.461
2.5 0.458

Sl Galisial el Jany (630) 2eS5al Jalall ana il (o) Jgaad) b e LS eilial) (ho ansls

.J:\A:L’\MS.UJ‘SAJ‘)..I -N %) dA (1.5) R
daalall Ay LG
Bacld Ladl Ladl

s g ) Jansgll alasid o3 N a3l Jolaall jSat cuew e o Jangly lgie JST adlise 58Iy 4503 uall
saala bl Lasl

515 y1gl) malay CH3;COOH Ll [mals JS cpe Sl EO aladials dabyll o328 ohyal
S Qg —L s dariee sagy —Ns L Jiadl 3 e (20) daws dpena 38 b Lgsilin) cos AHC

a4 JS b asall JLeS) a3 Gramalall e JSE e 0.5 aaag lislas Ll Jagill a3 3 agaalls
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@}d\ JJ_LJ\ dic L@}«A\ nd}l;.a Jblaa JJLA K alaial (b S EFIER (15) 2904 daag M\ sllldadlal)

gada Juadl i) (7) Jsaad

Acid Concentration (M) V(ml) AbS. PH
HCI 0.01 0.5 0.403 3.07
HCI 0.1 0.5 0.421 2.60
HCI 1 0.5 0.488 1.77
CH;COOH 0.01 0.5 0.329 3.35
CH;COOH 0.1 0.5 0.332 3.24
CH;COOH 1 0.5 0.347 3.13

2 okl 31 IM €555 HOL (asla aladial die w8l paliaial duiadl o) o3le) Joaadl (e Jaas]

U kel

uaala a2 Juad] Las)

aala e diline plaal alaan b @y o canlad) Jacigll daS 5305 Ldjpaad Lull 02 clyal a3
(20) A doanas gf\_@a Q_A\ byl dua e (06_02) On elaaiy\ FRY Cjb:\:g Lﬁ)‘}bn 1 )35)'.'\.1 Aﬂf)jﬁj_}dﬂ.@l\
N 2aSgall dalall (e de 1.5 5 Jae fal2g)S0le 200 30850 Ligs Jiall (e J 2.5 (e Lgia JS (g53a3 e

o) amall JaS) 8 5¥se 1 X 1072 55 ligung —L e o (2.5) 5 V502 X 1077 350 daiiees sag
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aala &S Juadf jLas) (8) Jgaadl

ml of 1 M HCI Absorbance pH
0.2 0.435 2.12
0.3 0.449 1.96
0.4 0.457 1.86
0.5 0.484 1.77
0.6 0.470 1.67

Je (0.5) plasind a3 @il e (0.5) o paluaial ol ast sl GaaS Jndl o) LoDl Joaall 1
i il s & (1.77) dacasls dllayy
Bl Jadad

ol e ae ehal alg bl Gabaiel o aleliial Mgall b yuxiy clilay) dadas 86 ) cus

b oalaie) a3 I (1) a8 dualeil) sa ilill aleatial Aot any Joales Juadl (o) 2ng 385 ddlhide cUles 8

-

e < Galiaial) aiy claball 038 ( (9) Jsaadly 42adU) oylaill aoes
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LAY Jaaas (9) Jsaad

Number of order The order of addition Absorbance
1 D+O+R+A 0.489
2 R+O+D+A 0.322
3 D+R+0O+A 0.345
4 O+D+R+A 0.399
5 D+O+A+R 0.452

g.‘zu\;“ Lsgl) Jiar tA el pad alyadl saladl Jia D ccral&l i R canSiall Jaladl Jia 1O o) s

alll palaiel o Blall dajn il

O e e Jelall Bl Cagylall umy kel delil) 2ol Galaial e shall daj il dun

e ylanll cﬁtu T 9 O.SA;}) ¢ ylagils (532) ‘;;}d\ Jshll 2 2\:1‘9& LGN (60_5) aahia Z\f)\)ﬂ\ Gilaya
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oabaid) o phall alaye il (10) Jsaad

Temperature C° Absorbance

5 0.433
10 0.469
15 0.489
20 0.487
25 0.488
30 0.486
35 0.473
40 0.477
45 0.478
50 0.473
55 0.471
60 0.472
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ool sl Ol skl il (alistial e 5 (S8 55 Bhall dags s o oafe le) Jgoal) (e

laall 8 il Hlha da s aldiel a3 A dgie dn 53 (30-15) on Bhall @lan & S (alaiadld

A
cludal) il

Crn SULEY) ehal P e @iy Gglall il aliaial Ao cludal (e 8l s cupl
Slade ahasialy Aokl aal (o 20 e Lnans 408 8 paall JWS) 5 e L) deagill @3 ) i) Cag k)

(2)  OKally (11) Jaadl b bl cpps

pakaial) Ao aluiall 50 (11) Jsasdl

Solvent A max Absorbance
Water (A) 532 0.488
Methanol (B) 529 0.407
Aceton (C) 531 0.334
Isopropanol (D) 531 0.235
Ethanol (E) 531 0.219
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die jiagils (532) sl Johall 3 milill Galaial (el of 2o (11) Joral) 8 dacagall milaill s

el paen & anall JLSY elal slaie) &5 A CudaS elall alasi

Scan Spectrum Curve
0.500

A
< B
0.388
C
Abs. 0.275 ‘ D
‘ ‘ E
0163 \
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400.00 500.00 B00.00 F00.00 800.00
‘Wavelengthlnm)
A max

aludal) il (2) Jea

o) gl A i)

(200) 3Ssus Ligy doiall Jsdae (e doe (16262.5) it alaal & 32l Ll sda capal

(e de 1.5 ddlaly gl e Jof ahz g Sile (10620625) 2N agaall 4003l 5805l cnilSy daf aliz g Sl
e 1 x 107585 63 ol —L Jslas e da (2.5)5 @502 X 1077 S50 apasiainpas o N
e (20) dew daanall JlE) 8 aaall JUS) 29 cgsn T3S cliyslSy yugll asls Jolaa (1 e ((0.5)

Cilael i 3582 5 JS dypaal) Leldlaa Jilie Jallaall (alsiaV] Gul a3 a5 crag yhaiall elall Ladlall 2al
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Loalie Badll o289 4883 60 (re HASI Baal jEie @l Bug 428 15 550 2a pabliaial Aol DN 5S) 5l

cluball oLy

Oglall galil) dyhiind (12) Jgaad)

Time Absorbance of Methyldopa

minute 10 pg/ml 20 pg/ml 25 pg/ml
0 0.104 0.283 0.436
5 0.199 0.301 0.449
10 0.231 0.342 0.478
15 0.285 0.384 0.489
20 0.283 0.382 0.488
25 0.281 0.381 0.487
30 0.280 0.382 0.488
35 0.278 0.380 0.487
40 0.279 0.379 0.486
45 0.277 0.377 0.485
50 0.273 0.375 0.484
55 0.272 0.376 0.481
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60 0.271 0.374 0.480

palalel) (lgl) Cabl

s Sl (200) 358 Lo S Jylan cra e (2.5) plasiad oy il Cig 3 Jaagi) say

pei € s wgp N WSl el dy aeg o d s (15) s
sadla e Je (0.5)5 o5 1 X 1072 385 cligip —L Jslae oo da (2.5) 5 6¥s< 2 X 1072385
S 3 Al aa Y anal) JUaS) a5 L) dang o(1.77) dcmels Al gV 1 50K elyslSo jgl)
cgyseall Jslaad) Jilie bl Jolaall (alisial (ol i 4283 15 5550 2y el slally o (20) daws dnens
Gl i (3)Sally (13) Jsiall 5 minge LeSy siagils (532) oasal) Jall e Galaaial el oS

Jeuall el Ciglall (13) Jeaad)

Volum Value Anlytical parameters
2.5 ml L-Tryptophan 2 x 1072 M adiieal) IS
1.5 m N-Bromosuccinimide 2 x 1072 M 2Siall Jalal)
0.5 mi Acitic acid (1) M addiceall Jauygll

- 532 nm sl Jshal)
dady 15 - Jde ) Jlais) ¢

- D+O+R+A LY S
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Jalaas Zanfabies Sl (0.056) Lgiad cuilS Jxilu AV 35 camedoaf/ & 0.3717 X 10% Liads d¥sall
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Jafals Sl (26-2) JuSLAll ilgll Gabialed) cisha (5) Jsa

dablgal)g A0

(laall ginie & ST sy 5B 3gm e o Al Jofphis Sile (2662065) Lsa e lanll adhisa 15

a5y @iy daphall o ang adll Cas P i) Caldll Calal) dad Ly Lo ls i) Jane A Ol 23 Cas

(14) Jsaad)l (8 (e WSy cpiille duadlgig

aaad|gilly 2340 (14) Jsaad)

Average
Concentration of Concentration of

Recovery of RSD

Methyldopa Methyldopa

% Recovery | %
(taken) pg/ml (found) pg/ml
%

5 4.926 08.52 1.04
20 19.869 99.345 98.930 | 0.35
26 25.721 98.926 0.28
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=S) aa g adsl) as
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S g RS 2 (15) Jgand

S Slope LOD LOQ

0.00228 0.0176 0.4279 1.295
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g Ak
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Concentration | Concentration Average
Type of Recover RSD
of Methyldopa | of Methyldopa Recovery
Pharaceutial y % %
(taken) pg/ml | (found) pg/ml %
0.64
5 5.15 103
3
0.45
Tablet 20 19.691 98.49 99.92
2
0.17
26 25.55 98.27
9
(99.92) duelas W da 20 4 b o) O £y o2\ el Js > s

-

cade Dglall Aol clyianiodl) 3 Lgs Jhal) i 3 daal Lkl o) e Ju lee cCinagaN] g b
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Sl s 3 D) L@l L) dah a2 ¢ I e LS sl Akl o) e oS
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Jisall i) ubidll Jolaall e Ja (2.3 ¢1.4 < 0.8 <0.2) s asas dilal & (yag e (20) dne dranal
Sladl) inie & lge bl 5 ) Al ety el ddlaal dlles @ Gus oda [l ke (200) 5855 Uso
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No: 3, Vo

Concentration of

Methyldopa (taken)

Concentration of

Methyldopa (found)

: 1\July\ 2023

Recovery %

pg/ml pg/ml
Tablet 5 5.153 103.06
11 10.66 06.91

Masll Joiad) gaall o 5pilaall daphall pe ddiie dpaldll L) dash o) iy kel Jsaal) (g

0.7 -
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Abs 4 -
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e ahe g Sle (11) Al spladdl Aaie Jia B

GAY) Gl aa Ak k) 4l

daiage mililly (i) Ll i Gk e Liga e il dllal) dasyall dlilanl) iliall 455lie cu ol

(18-2) Jsaall &
GAY) ibhall aa Akl 4l (18) Jgaad)
Analytical Present Literture Literture
Parmeters method method (12) method (11
A max 532 480 565
Color Violet Orange Violet
Reagent L-Tryptophan O-Toludine di—aminothiazol
Beers Law rang
2-26 0.5-20 2.5-62
p/ml
Solvent Water Water Water
pH 1.77 Equal Alkaline
EL.mol™.cm™) | 0.3717 x 10* 1.47 x 10 0.382 x 10*
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Abstract:

This chapter included the development of a spectrophotometric method for the determination of methyldopa
“by oxidative coupling with the reagent L-tryptophan in an acidic medium (hydrochloric acid) and in the
presence of N-bromosuccinimide as an oxidizing agent, to form a violet-colored product with the highest
absorption at the wavelength of 532 nm, and with a molar absorbance of 3.717 x103 L/mol.cm, and Beer’s
law is followed in a range of concentrations (2-26) ug/ml, Sandel’s index value is 0.056 pg/cm2, and the
method was characterized by accuracy and high compatibility as the recovery value reached 98.52-
99.345%, and the relative standard deviation was not It exceeds 1.04%, with a detection limit of 0.4275
pg/ml and a quantitative limit of 1.295 pg/ml. It was successfully applied to pharmaceutical preparations of
methyldopa in pill form.

Keywords : spectrophotometric determination , oxidative coupling , methyldopa , L-tryptophan.
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Abstract

In this paper, we utilize a combination of the finite element method and the finite
difference method to solve the one-dimensional nonlinear Burgers equation. The
discretization in time was applied to construct the method, and for each time step, a system
of nonlinear equations was obtained. To solve these equations, the inverse Cole-Hopf
transformation was employed. The efficiency of the proposed method was demonstrated by
comparing the numerical solutions obtained for different viscosity values with the exact
solutions. The results showed a remarkable agreement between them.

Keywords: Inverse problem, Burgers' equation, Finite element methods, Cole-Hopf
transformation.

1. Introduction:

In this paper we will consider the one-dimensional viscid Burgers equation to be the
nonlinear parabolic partial differential equation (PDE)

Uy + UL, — pi,, =0 (1.1)

where g == 0 is the kinematic viscosity. This is the simplest PDE combining both nonlinear
propagation effects and diffusive effects. When the term p1s,, is removed from (1.1) we
obtain that called the inviscid Burgers equation which is a hyperbolic PDE.

Bateman introduced this equation in 1915 [1]. Bateman utilized this equation as a
representation of the movement of a viscous fluid in situations where the viscosity
approaches zero. He derived two distinct types of steady state solutions for the problem of
an infinite domain. More than thirty years later, Johannes M. Burgers [3] introduced the
equation (1) aiming to create a straightforward mathematical model that could capture the
essential characteristics observed in turbulent hydrodynamic flows. Consequently, the
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equation became known as the Burgers equation due to its association with Burgers' efforts .

Despite advancements in concepts and techniques for solving nonlinear partial differential
equations, obtaining Analytical Solutions for Diffuseness Problems remains challenging.
Therefore, Numerical Solutions are often considered the most effective approach for
studying the characteristics of these equations [11]. Therefore, it is essential to examine the
characteristics of the Burger's equation in order to understand the fundamental equations of
fluid mechanics.

Over the past few decades, numerous researchers have been interested in obtaining
solutions for the Burger's equation through various analytical and numerical methods. These
methods include the Cole-Hopf transformation introduced by Cole in 1951[5], Fletcher's in
1983 [6], the finite element method implemented by Cecchi and others in 1996[4], and the
explicit finite difference method used by Kutluay and others in 1999[9], Ozis and others in
2003[13], the finite element method using various forms of cubic spline-B functions by
Kutluay and others in 2004[38], and the finite difference method implemented by Hassanien
and others in 2005[7], the implicit finite difference method applied by Kadalbajoo and
others in 2005[8], Liao in 2008[12], Jiang and Wang in 2010 [19], the implicit logarithmic
finite difference method developed by Srivastava and others in 2013[15], Bhrawy and
Others in 2015 [2], and Tamsir and others in 2016[16].

This study utilized a combination of the finite element method and the finite
difference method, which were applied to discretize the nonlinear Burgers equation in time
with the inverse problem situation. The inverse Cole-Hopf transformation was employed to
solve the equation. The obtained numerical results were compared to Cole's exact solution
for ¢t = .1 of viscosity value based on H! and L? errors. The comparison revealed that the

numerical results were highly satisfactory.
2. Problem Statement:

This study will focus on considering the viscous one-dimensional Burgers equation,
which is given as follows:

Up + UL, —pi, =0, X €L, TE (%]
Ru=g, x €8, 1€ (o] (2.1)
u=1u(x), x€, t =1,
Where x belongs to the spatial domain (1, ¢ belongs to the time interval (¢4,2s]and ¢t = 1/R

s.t R is the Reynold number. The equation is subject to a boundary condition R = g on the
boundary 60 and an initial condition w« = w,(x) at time ¢ = £,,.

2.1 Cole-Hopf Transformation [5]:

An Important work was done by Cole and Hopf by finding a substitution for Burgers'
equation that converts (2.1) into the linear heat equation. This transformation, known as the
Cole-Hopf transformation, is expressed as follows:
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ulx, t) = —Z;L?(gic’rt)) (2.2)

By applying the Cole-Hopf transformation, where £(x,t) is a non-zero function, Burgers'
equation can be transformed into the simplified form:

op %R
ot Fox?

Nevertheless, this transformation introduces complexities in defining the boundary
conditions and initial conditions, as we will soon observe. However, despite these
challenges, the Cole-Hopf transformation enables us to obtain exact solutions for the one-
dimensional Burgers' equation in various general scenarios.

2.2 Exact Solution [18]:

In this case, let's specifically consider homogeneous Dirichlet-boundary conditions as
follows:

U, +un, —pu,, =0, x €, t€ (Lo.tf]
u=0 x€an, t € (¢, ] (2.3)
u=1u(x), x€0, t=1,

Through the utilization of the Cole-Hopf transformation, we obtain the following form:

oy Belxg)
U= Z‘M—ﬁ[x,ﬂ =0, xedll

Consequently, our own boundary conditions transformed into Neumann-conditions:

B.(x,t)=0, for xeal

The following are the results that we obtain after solving the separable ordinary differential
equations (ODEs) for our initial conditions:

1

B(0,x) = fo(x) = %

T5 uog) 26

All that together give us:

( df  9°F
E_#ﬁ=0’ XEH.,IE (Et}yrf]
df
4 B 2.4
E—D, x€dN, 1€ (to] @D
1 pr
2= g_ﬁfﬂ u.:,[lﬁ']'dlﬁ" x €D, t=t,
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in such a way & forms the left boundary of 1.

Now, we are able to derive an exact solution that can be utilized to assess and validate the
accuracy of our numerical methods. Specifically, we select the spatial domain ) to be the

interval (0,1) for this purpose.
Considering the boundary conditions,
B(0,t) = £,(1,t)=0
We can express,
Blx,t) =a+ e ™ #cos(mx), fora=1

By making this specific choice, the selected solution satisfies the boundary condition and
provides a closed-form expression for the initial condition .

We obtain the following result by utilizing of the Cole-Hopf transformation

2pm e P sin(x)

uln t) = a + e ™K cos(Hx) (25)
and the accompanying initial condition is:
2y sin(wx)
U (x) = (2.6)

a + cos(mx)

3. Numerical Methods:

This section will discuss the different methods used to address problem (2.1), which
fall under the category of finite element approaches.

3.1 Finite Element Methods:

On our linearized equation (2.4), we are currently in the stage of using the FEM, with
the methodology that was offered by Ozis [13]. This strategy is not only very easy to put
into practice, but it also avoids the requirement for utilizing any further linearization
methods for (2.3). Yet, since we are going to apply the Cole-Hopf transformation (2.2) to
determine " (x, t) even after solving the approximation £"(x,t), in case of, this strategy

going to typically miss one-degree of precision owing to the derivative-term (2.2). As a
consequence of this, higher order FEM approaches, such as those addressed in this work, are
required. According to the author's best knowledge and understanding, a novel approach for
solving (2.3) may be found by first solving (2.4) with higher order techniques, and then
applying (2.2) thereafter.
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3.1.1 Weak Form:

Considering any random test function, such as v(x) € H(0,1) multiplied by (2.4),
such that #(0,1) indicates the whole of the space occupied by functions that are (piecewise

continuous) along with no less than a single (piecewise continuous) derivative over the (0, 1)
domain. Our BCs were more natural than necessary, because we are dealing with
homogeneous Neumann-conditions. Which it gives

By part integration, we have

L ag  apdv af ap
b ——dx = [ 1)—(1,x)— n—n,r]
fu“’az w9 ae = [ 2 (1,0~ w0)5 (0,1
For the BC %(l,t) = %(D,r) = 0, we are having
L ag  apdv
—p——dx=0 2.7
Lvar Hoxax ™ (27)

(2.7) indicates a weak solution to (2.4). To put it another way, a classical solution to
equation (2.4) will fulfil the requirements of equation (2.7), but a solution to equation (2.7)
will only fulfil the requirements of equation (2.4) when it is continuous.

3.1.2 Discretization:

Our domain is discretized using N equidistant intervals. Next, we proceed by
inserting P — 1 equidistant points into the middle of every interval, resulting in the

formation of the points x,, where { ranges from 0 to & 5. It's important to note that &

represents the degree of the polynomial space employed in our finite element approximation.
Now, we proceed by selecting a limited collection of elements from z* € H(0,1) denoted as

a finite-dimensional subset, then we opt for a set of piecewise polynomials with a degree of
P for z"o serve as our basis. We represent our basis-functions as {qaa-}a-:m,,uw? where each
¢, corresponds to a point x, and spans over one or two intervals. Specifically, the basis-

functions that correspond to the endpoints of the initial N-intervals extend their influence
over both neighboring intervals, except for ¢,and ¢, which do not extend beyond the

domain (0,1). On the other hand, each basis-function ¢, associated with an interior point
only affects the original interval in which x; is located.
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Moreover, we specify that our basis is nodal, meaning that
e (x;)=1fori=j and ¢;(x;) =0 for i # ] for x,to the support of ¢,. Therefore,

we could write

B0 = ) e (D)9,

in fact, each coefficient ¢, (¢) corresponds to our model's approximation at x; during time ¢
IS an obvious advantage of the above formulation, i.e.

e, (1) =u"(x,t) (28)

3.1.3 Matrix Form:

Now, the formulation represented by equation (2.7) is now transformed into,
L Np Np
[ e e o+ a@aitor'colax =0
¢ =0 =0

With rewriting, we get

Np L Np L J
7
> @ vemart ) e® | ol ar =0
. o . o dx
i=0 =0
Now, if we consider ¥ as a basis-function qu(x), it gives us
Np L Np L
> @] pea i) a® | v =0
=0 ¢ =0 o

Moreover, in case we substitute v = ¢;(x) for j =0,..,Np, we can derive the
following set of equations:

0r'(t) = —we(t), @, = | @,0p@dx W, = [ @De

Therefore, the solution to issue (2.7) is obtained via solving of an ordinary differential
equation. Where @ is the (mass matrix) and W is the (stifnessmatrix). Through the

selection of our basis, it can be demonstrated that the mass and stiffness matrices we utilize
exhibit sparsity, positive definiteness, and symmetry [13]. We employ Gaussian-quadrature
with an order of (2P — 1) in solving the mentioned integrals to accurately calculate these

matrices [14].
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3.2.4 Methods for Cole-Hopf Transformation:

After obtaining 2"(x,t) by solving equation (2.4), it is necessary to utilize the inverse
Cole-Hopf transformation to determine w™(x, t) using the equation

ut = —2p==
B
Ozis [13] proposes an approximation for &, using the central difference method, which is
known for its second-order accuracy.
i pi

Y i+1 i—1

When considering ¢ = 1, specifically when dealing with piecewise linear functions,
this option is highly commendable. However, when ¢ == 1, selecting this option imposes a

restriction on our accuracy, limiting it to the second order within the spatial domain.
Consequently, this nullifies the benefits gained from utilizing polynomials of higher orders.
Instead, in this investigation, for ¢ == 1, we approximate 2,(x,¢) by utilizing the finite
element derivative

i (xa'Jrj) = Z e (1) (x)

The level of approximation is accurate until the order . Hence, we anticipate achieving an
overall accuracy of g order in the £2 norm and g — 1 order in the H* norm.

3. Numerical Implementation:

Our analysis will primarily concentrate on employing the exact solution (2.5) and the
initial condition (2.6) to assess and examine various numerical methods, which we will
discuss in greater detail below. We will then present results that summarize our comparison
of these methods at g =.1, equivalent to a Reynolds number of 10. This setting is

potentially more challenging numerically compared to pt = 1..

For the different methods on the spatial grid spacing Ax and the temporal grid spacing
At over the time required to identify the solution, the H! and L? errors are given as follows:

1 du’ du
1 i ko _ h e
H" error: ||u u||1 J; U +_dx U i dx
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1

12 error: ||u"" —u”tr = f u —u dx
i)

Here u™ is the approximate solution and # the exact solution at the final-time tg, and

considering the grid points x,. Gaussian quadrature of degree 2p is employed as a method to
integrate and compute the #* and L? errors over each interval, to measure the accuracy of
our solutions and ensure reliable and precise results for each of our methods.

3.1 Discrete in Time Method:

In order to solve this Ordinary Differential Equation (ODE), we are going to
investigate two different approaches. One approach is to divide the problem into discrete
intervals in both time and space.

Therefore, we will approximation e(t) and e/ = e(jAt) and e'(t) with finite-difference
e'(t) = ﬂ—lt(ef“ —e/) We have

é@(eﬁl —e )+ uW (et + (1—A)el ) =0

Such that 0 = A = 1 is the factor of weight that representing:

= 1 =0, the explicit 1th-order forward-Euler method with T is stable conditionally.
= A1 =0.5, the implicit 1th-order with dissipative backward-Euler method in time is

stable unconditionally.
» A =1, the implicit 2th-order Crank-Nicolson method with T is stable unconditionally.

We have chosen to exclusively employ the Crank-Nicolson method in this study due
to our aim of achieving a significant level of precision.

At this point, we are able to write down our equation.
Dei*l = Eel suchthat D = @ + pdAtW and F = @ — p(1 — DAtW

Hence, by calculating & and £ only once, we can progress our system in time by
solving the equation Ae/*l =5k, where 4 =D and b= Fe/. Due to the sparsity,
symmetry, and positive definiteness of matrix 2, we can employ a specialized Cholesky

solver designed for sparse matrices to effectively calculate the desired solution. The chol(A,
'lower') command in MATLAB® offers an effective solver for this objective. The following

tables show the results obtained by this method:
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Ax At HYerror Hlconv. I? error I?conv. T
1.25E-01 1.25E-01 3.90E-02 — 6.66E-04 — 308.6
6.25E-02 6.25E-02 1.98E-02 0.974 1.66E-04 2.004 507.9
3.12E-02 3.12E-02 1.00E-02 0.989 4.15E-05 1.999 897.7
1.56E-02 1.56E-02 5.01E-03 0.996 1.04E-05 1.999 1777.7
7.81E-03 7.81E-03 2.51E-03 0.998 2.60E-06 1.999 3748
3.90E-03 3.90E-03 1.25E-03 0.999 6.50E-07 1.999 8191.1
1.95E-03 1.95E-03 6.28E-04 0.999 1.62E-07 1.999 23711.6
9.76E-04 9.76E-04 3.14E-04 0.999 4.06E-08 1.999 109360.9

Table 3.1: H* and L? error and convergence rates for the quadratic DFEM method

Ax At H' error H'conv. I? error [*conv. T
5.00E-01 3.00E-02 7.80E-04 — 2.54E-05 — 303.1
2.50E-01 3.00E-03 3.74E-05 4.38 6.56E-07 5.278 482.7
1.25E-01 9.00E-04 1.82E-06 4.36 2.05E-08 4,998 927.5
6.25E-02 1.00E-04 1.10E-07 4.044 5.64E-10 5.186 2648
3.12E-02 3.00E-05 6.93E-09 3.997 1.96E-11 4.847 19683.9

Table 3.2: H* and L2 error and convergence rates for the quintic DFEM method

Ax At H' error H'conv. [? error [L*conv. T
1.00E+00 3.12E-02 5.55E-04 — 2.10E-05 — 489.1
5.00E-01 1.95E-03 1.06E-05 5.707 1.82E-07 6.846 777.8
2.50E-01 1.22E-04 1.92E-08 9.107 2.25E-10 9.66 1405.8
1.25E-01 1.52E-05 2.78E-10 6.116 9.34E-12 4594 38545
6.25E-02 6.10E-05 1.58E-10 0.816 3.65E-11 -1.968 10065.6

Table 3.3: H* and L? error and convergence rates for the octic DFEM method

It is observed that the DFEM linear approach attains rates of  + 1 in the £* norm and  in
the #! norm. This outcome can be attributed to the utilization of a second-order accurate
approximation of 6x in the inverse Cole-Hopf transform discussed in section 3.2.4.

3.2 Continuous in Time Method:

Our second approach involves treating our ordinary differential equation ODE to be a
continuous problem. Instead of discretizing our problem, we are able to solve the follows
ODE

Ge'(t) = —Wel(t)

directly by utilizing an ODE solver to find a solution for e(t). Our solver, out of necessity,

will approach the ODE discretely. However, unlike the finite difference in time method, we
will employ adaptive step sizes, eliminating the need to directly construct a time grid. In
doing so, we enable greater flexibility in our approach to solving the ODE. To accomplish
this, we make use of the ODE solvers provided in MATLAB®:

= The Explicit Runge-Kutta (4,5) Dormand-Prince, non-stiff ode45,
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= The Explicit Runge-Kutta (2,3) Bogacki and Shampine, non-stiff ode23,

= The Adams-Bashforth-Moulton, non-stiff ode113,
= The Numerical Differentiation Formula, stiff ode15s,
= The Modified Rosenbrock formula of order 2, stiff ode23s.

Our experiments with numerical investigations demonstrate that when addressing this
problem, ode15s yields the most optimal results.

The following tables show the results obtained by this method:

Ax At H' error Hlconv. [? error [I?conv. T
1.25E-01 1.00E-04 3.89E-02 — 6.44E-04 — 198.8
6.25E-02 1.00E-04 1.98E-02 —_ 1.61E-04 1.999 325.1

3.12E-02 1.00E-05 1.00E-02 0.973 4.04E-05 1.995 582.9

1.56E-02 1.00E-05 5.01E-03 0.989 1.04E-05 1.956 1131.3
7.81E-03 1.00E-06 2.51E-03 0.995 2.57E-06 2.017 2261.3
3.90E-03 1.00E-07 1.25E-03 0.998 6.36E-07 2.016 5180.5
1.95E-03 1.00E-07 6.28E-04 0.999 1.69E-07 1.909 13948.4
9.76E-04 1.00E-08 3.14E-04 0.999 3.97E-08 2.094 65447.1

Table 3.4: H® and L? error and convergence rates for the quadratic CFEM method

Ax At HY error Hlconv. I? error [I?conv. T
1.00E+00 1.00E-04 6.98E-03 — 4.13E-04 — 177.2
5.00E-01 1.00E-05 7.79E-04 3.164 2.26E-05 4.189 234

2.50E-01 1.00E-07 3.74E-05 4.379 6.26E-07 5.177 377.6
1.25E-01 1.00E-08 1.82E-06 4.36 1.74E-08 5.166 692.8
6.25E-02 1.00E-10 1.10E-07 4.044 5.36E-10 5.024 1271.4
3.12E-02 1.00E-11 6.93E-09 3.996 3.77E-11 3.83 2434.3
1.56E-02 1.00E-12 4.41E-10 3.973 3.92E-12 3.265 5273.7
7.81E-03 1.00E-13 2.03E-10 1.119 2.10E-12 0.901 18951.3

Table 3.5: H* and L2 error and convergence rates for the quintic CFEM method

Ax At H! error Hlconv. [? error I?conv. T
1.00E+00 1.00E-05 5.54E-04 — 1.88E-05 — 364.5
5.00E-01 1.00E-07 1.06E-05 5.704 1.85E-07 6.662 556.5
2.50E-01 1.00E-10 1.92E-08 9.108 1.88E-10 9.946 967.5
1.25E-01 1.00E-13 1.79E-10 6.75 1.08E-12 7.443 1862.4
6.25E-02 1.00E-13 8.50E-11 1.074 7.23E-13 0.583 3657.1
3.12E-02 1.00E-13 3.17E-10 -1.902 4.85E-12 -2.746 7668.8

Table 3.6: H* and L? error and convergence rates for the octic CFEM method

The following figure presents the exact solution for equation (2.5).
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A

Figure 3.1: Exact solution of Eq. (2.5)

The following figure illustrates an approximate solution using the CFEM method, with
p=8, At =10"" and Ax =1

a4

Hopf-Cole Finite Element Three method Approximate solution

,
“ | ‘
N :

Figure 3.2: Approximate solution of Eq. (2.5)

Due to the similarity in appearance between the exact solution and the approximate solution,

as demonstrated in figures 3.1 and 3.2, the discrepancy is illustrated in figure 3.3 using the
1

CFEM method, with p = 8, At = 107* and Ax = —;

a4
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Hopf-Cole Finite Element Three method discrepancy between approximate and exact soton

Figure 3.3: Log error of approximation versus exact solution for Eq. (2.5) with Ax = 1/4

For each of the methods, there comes a time when using a larger (Ax or At) the
accuracy diminishes due to the effects of numerical round-off. Figure 3.4 illustrates this
scenario, where the scenario remains consistent with Figure 3.3 but with a Ax = é It is

important to observe how the presence of numerical noise becomes more significant in this
case.

Hopf-Cole Finite Element Three method discrepancy between approximate and exact solution
-10

-14

Figure 3.4: Log error of approximation vs exact solution for Eq. (2.5) with Ax = 1/8

Please keep in mind that only the most optimal solution in terms of time and numerical
accuracy is presented for each method. Conversely, the Finite Element Methods (FEM) are
reaching a convergence rate close to or at  in the L2 norm and # — 1 in the #* norm. This

demonstrates a more precise balance between accuracy and the required time for solving the
model. Furthermore, it is evident that we are achieving convergence rates that align with the
expected outcomes specified for each of the aforementioned methods.

(201)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
Conclusion

in this work, we focused on studying controlling inverse problem of a viscous fluid flow
through the implementation of the simple nonlinear 1D viscous Burgers' equation. we have
developed and compared different methods, specifically finite element techniques along with
finite difference methods prior to implementing the inverse Cole-Hopf transformation (2.2).
Based on our results, it is evident that our finite element methods, particularly those based
on C-FEM, exhibit an exceedingly high level of accuracy in a relatively short period of time.

It is important to note that there are a couple of downsides associated with our methodology:

= there is a slight loss of one degree of accuracy. However, this drawback is negligible
when dealing with polynomials of very high degrees, as the impact on the overall
precision is minimal.

= the treatment of boundary and initial conditions becomes more complicated.

it is certainly worthwhile to dedicate future research to exploring the other techniques
commonly used for regularization in inverse problems.
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ABSTRACT

The research aims to build mathematical models to estimate the concentration of Uranium
in the soil with water and oil using numerical methods such as Neville and Hermite, where
we got mathematical models implicitly through the effective amount of Uranium
concentration in the soil. We got on miniatures mistake percentage almost non-existent

Keywords: Uranium Graph theory Least Square, Mathematical Models, Neville Method, Hermit Method

. 1. Introduction

Natural radioactive elements Like Uranium and thorium are found in the soil [1]. Where
Uranium is one of the essential natural radioactive elements, it is found in nature in the form
of three isotopes, which are U238, whose percentage in nature is estimated at 99%, U235,
which is estimated at 0.720%; and U234 at 0.005%. U238 is one of the most common
elements in the Earth's crust, with a long half-life of 4.6 billion years [2]. Uranium is
decomposed into radium, which is the main cause of cancer. Uranium is present in oil and
gas reservoirs, where it accompanies oil and water during its extraction to the surface and is
then transported to oil equipment and tanks [3]. Several research and recommendations have
been published by the International Atomic Energy Agency on the possibility of the
presence of radioactive elements in the oil industry, as well as methods of treatment and
safety [4].

Researchers conducted A study in Turkey by collecting soil samples, crude oil, sludge and
water, measuring the radiation level and determining its danger [5]. Our study aims to
estimate Uranium concentration in the soil of the Qayyarah refinery with water and oil in
Qayyarah refinery using some numerical methods like Neville, Hermite and Least Square
methods.

Field of Application

The study depends on the mathematical modelling process using graph theory and
numerical methods like Neville to perform concentration calculations of Uranium in the soil.
This search was established to estimate the mathematical modelling through accreditation on
graph theory methods like Neville, Hermite and Least Square.

Neville's Method
The main idea of this method of Neville is to approximate the value of a polynomial at a
particular point without first finding all of the coefficients of the polynomial. The method of
Neville can be defined as follows: Let f be a function that has values at the n points XO0,

X1....Xn. Let {ml, m2, ... mk} be a set of k distinct integers from the set (0, 1.2, .... n}. Let
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Pm1, m2.... mk (x) represent the Lagrange polynomial that agrees with the f function at k

points xm1, xm2, ... xmk, ....i.e. Pml, m2, ..., mk (xml ) = f(ml), Pm1. M2,... mk (xm2 ) =
f(xm2 ),..., Pml. M2... mk (xmk ) = f(xmk ). Obviously, Pm1, m2,...., mk (x) is the only
degree polynomial (k- 1) that passes within the k points (xm1 . f(xm1)),...., (xmk . f(xmk)).
The idea of Neville's method is to recursively use Lagrange polynomials of lower powers to
calculate Lagrange polynomials of higher power relationships. This can be useful; for
instance, if we have the Lagrange polynomial based on some data set points (xi, f(xk)), k=0,
1,...,n, and we can get a new data point, (xn+1, f(xn+1)) [6].

o _ BB, - (PR,
v -5 ’

By = 847 G, =0.585
=1970 Cy,=1.3718

_ (P —847)L371— (P — 1970)0.585
u = 1970 — 847

_ 1371P-116L237- 0.585 P+ 115245
- 1123

_ BFEEPA-ZTE?
- 1171

(1) = 0000699911 p — 0007324577

Table 1: Calculate uranium concentration in the soil using the Neville method

P CuExp. | cucal
No. Location E E"2
Trem™ ppm
1 Qayyarah refinery 847 0.585 0.585000 | 0.000000 0.0000000
2 Qayyarah refinery 1001 0.692 0.692786 | 0.000786 0.0000006
3 Qayyarah refinery 1294 0.870 0.897860 | 0.027860 0.0007762
4 Qayyarah refinery 1372 0.922 0.952453 | 0.030453 0.0009274
5 Qayyarah refinery 1467 0.986 1.018945 | 0.032945 0.0010854
6 Qayyarah refinery 1565 1.072 1.087536 | 0.015536 0.0002414
7 Qayyarah refinery 1742 1.180 1.211420 | 0.031420 0.0009872
8 Qayyarah refinery 1778 1.195 1.236617 | 0.041617 0.0017320
9 Qayyarah refinery 1970 1.371 1.371000 | 0.000000 0.0000000
10 Qayyarah refinery 2308 1.587 1.607570 | 0.020570 0.0004231
11 Qayyarah refinery 2035 1.457 1.416494 | 0.040506 0.0016407
12 Qayyarah refinery 2029 1.383 1.412295 | 0.029295 0.0008582
13 Qayyarah refinery 2055 1.369 1.430493 | 0.061493 0.0037813
¥ 0.0124535376

Fig.1 shows estimated and real values for the uranium concentration in the soil using the

Neville method is as follows:
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Fig. 1 The graph of estimated values for the concentration of uranium on soil using neville’s method
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4. Hermit Method

The Hermite polynomials are given when the case is mi=I, for each 1=0, 1, ..., n. These
polynomials agree with f at x0, x1, ..., xn for a given function f. Also, they have the same
form as the function at (xi, f(xi)) because their first derivatives agree with those of f in the

9

10

11

Qayyarah refinery

12 13

sense that the tangent lines are agreed to the polynomial and the function [7].

Using the Hermite method, we will estimate the concentration of Uranium in the soil of
Qayyarah City with water and oil in the Qayyarah refinery. By using Hermite's method, the

rule can be written as follows [8]:
Po=847,F (Po) = 0.585

P1=1001,F (P1) = 0.692

P2 =1294,F (P2) = 0.870

P3=1372,F (P3) = 0.922

_BORO-FPH
F[Po, P1] = PL-TC
DESZ—-D.585  DADF
TippL-247 154 0.0006
_Bipn-B(PL
FIP1, Po] = Pr-r1
_ D270 - D592
T img4—t1p0L
= % = 0.0006
_BPN-FED
F[P2, Pg] = Pa-Fz
_be22 -bare
T 1377 —1o94
=222 - 0.0006

ra
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F{Po, Py P = LELE-FELR

_ DODDB-DLODG _ O
1054 — 347 447

=0

F[Ps, P, pq] = TE2RA-TEL

P3-P1
_ BLLDE-DONDS _ T o

1372 -1001 171

F[PLP2P3]- FIPLPLED]
Pi1-PC

F[Povpl, Pz ,P3] =

= _o-r = L =0
1372 — 347 525
tu =F[P0] + F[R, ,AI(P - P,J+ FIF, A .B,](P — F,J(F— A)+ FR P .F,.F]
(P— Ay (F- A (F- B
= 0.585 + 0.0006948052 (P-847) +0 (F — 847} (P — 1001)+0 (F— 847) (P — 1001} (P — 1294
= 0.585 + 0.0006948052P — 0.5885000044+0+0
= 0.0006948052P — 0.0035000044 )

Table 2: Calculate uranium concentration in THe soil using Hermit method

P CuExp. | cucal
No. Location E E"2
Trem™2 ppm

1 Qayyarah refinery 847 0.585 0.585000 | 0.000000 0.0000000
2 Qayyarah refinery 1001 0.692 0.692000 | 0.000000 0.0000000
3 Qayyarah refinery 1294 0.870 0.895578 | 0.025578 0.0006542
4 Qayyarah refinery 1372 0.922 0.949773 | 0.027773 0.0007713
5 Qayyarah refinery 1467 0.986 1.015779 | 0.029779 0.0008868
6 Qayyarah refinery 1565 1.072 1.083870 | 0.011870 0.0001409
7 Qayyarah refinery 1742 1.180 1.206851 | 0.026851 0.0007210
8 Qayyarah refinery 1778 1.195 1.231864 | 0.036864 0.0013589
9 Qayyarah refinery 1970 1.371 1.365266 | 0.005734 0.0000329
10 Qayyarah refinery 2308 1.587 1.600110 | 0.013110 0.0001719
11 Qayyarah refinery 2035 1.457 1.410429 | 0.046571 0.0021689
12 Qayyarah refinery 2029 1.383 1.406260 | 0.023260 0.0005410
13 Qayyarah refinery 2055 1.369 1.424325 | 0.055325 0.0030608
3 0.0105086

Using Hermite's method, Fig.2 shows estimated values for the concentration of URANIUM

on the soil below.
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Fig.2 The graph of estimated values for the concentration of URANIUM in the soil by using Hermite method

5. Least Square Method

It is an essential statistical method, mainly for regression analysis. It aims to estimate the
trendline that minimizes the total of the significant mistakes or deviations in the analysis line
of observed points. It is a typical approximation approach used to solve equations systems
where the number of equations exceeds the variables' number to get a solution that attempts
to lower the value of the mean of the squares of the error produced from estimating each
equation [9].

We used the Least squares method to estimate the concentration of Uranium in the soil of
Qayyarah refinery. When using the Least squares method, the rule can be formed as shown
below [10]:

N #ap +a; 2P =2.Cu

13 ap +21463a; = 14.669

ao *Y, P +a; Yp? =Y P *Cu

21463 ap +37762247a, = 25831.426
+13 ap +21463a; = £14.669

21450 a,+37740784 a,=25816.757
21450 a = 25816.757- 37740784 a1

TIETE-. A7 - 17 PO e ]
0= 214

ap =1.2035784149-1759.4771095571a1

13 ap +21463al = 14.669
13 (1.2035784149-1759.4771095571a1) +21463a1 = 14.669

15.6465193937-22873.202424242 a1+ 21463al = 14.669

-1410.202424242 a1=- 0.9775193937

I e P

nnnnnnnnnnnnn

a1= 0.0006931767

ap =1.2035784149-1759.4771095571a1

ap =1.2035784149-1759.4771095571(0.0006931767)
ap =1.2035784149 - 1.2196285365

a,= - 0.0160501216

Cu= ap+ ar*P

Cu=-0.0160501216 + 0.0006931767 P

Table 3: Calculate uranium concentration in the soil using the Least square method
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P Cu Exp. Cucal
No. Location P2 P*Cu E En2
Trem ppm

1 Qayyarah refinery 847 0.585 717409 495495 | 0.571071 | 0.013929 0.0001940
2 Qayyarah refinery 1001 0.692 1002001 692.692 0.677820 | 0.014180 0.0002011
3 Qayyarah refinery 1294 0.870 1674436 1125.78 | 0.880921 | 0.010921 0.0001193
4 Qayyarah refinery 1372 0.922 1882384 1264.984 | 0.934988 | 0.012988 0.0001687
5 Qayyarah refinery 1467 0.986 2152089 1446.46 1.000840 | 0.014840 0.0002202
6 Qayyarah refinery 1565 1.072 2449225 1677.68 1.068771 | 0.003229 0.0000104
7 Qayyarah refinery 1742 1.180 3034564 2055.56 1.191464 | 0.011464 0.0001314
8 Qayyarah refinery 1778 1.195 3161284 2124.71 1.216418 | 0.021418 0.0004587
9 Qayyarah refinery 1970 1.371 3880900 2700.87 1.349508 | 0.021492 0.0004619
10 Qayyarah refinery 2308 1.587 5326864 3662.796 | 1.583802 | 0.003198 0.0000102
11 Qayyarah refinery 2035 1.457 4141225 2964.995 | 1.394564 | 0.062436 0.0038982
12 Qayyarah refinery 2029 1.383 4116841 2806.107 | 1.390405 | 0.007405 0.0000548
13 Qayyarah refinery 2055 1.369 4223025 2813.295 | 1.408428 | 0.039428 0.0015546
3 21463 14.669 37762247 | 25831.426 0.0074836

By using the Least square method, Fig 3 shows the estimated for the URANIUM

concentration on the soil below.
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Fig. 3 The graph of estimated values for the concentration of uranium in the soil by using least square method

6. Conclusion and results

As shown by a short investigation measuring the Uranium concentration in the soil of
Qayyarah City, the research confirmed that mathematical modelling is an effective and
accurate method for determining Uranium concentration in the soil. This research used
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several numerical analytic techniques to demonstrate a relationship between mathematics

and healthcare. We do not construct mathematical models that help us solve issues; instead,
we gain answers that are compatible with experimental evidence and theoretical values via
these models. Previous outcomes: We have employed extrapolation techniques using the
Neville, Leas Square, and Hermit methods to validate the mathematical models.

The mathematical models presented in this research are practical and valuable tools.
Consequently, the suggested models produced results that were accurate and consistent. The
mathematical models derived from the three ways helped us to estimate the uranium
concentrations in the soil. The best models were those developed by numerical analysis,
which is the approach of the Least square method, which is found to be with the least
estimated error.
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Abstract

The objective of this study was to evaluate the ability of six locally identified Aspergillus flavus
fungal isolates to produce the mycotoxin aflatoxin B1. The laboratory analysis was conducted at the central
laboratory / College of Agriculture at University of Anbar, where the isolates were recultured and their
capacity to produce aflatoxin B1 was examined using thin-layer chromatography with yeast and rice media.
Three isolates were found to produce aflatoxin B1, while the other isolates did not. ELISA test results
indicated that the highest concentration of aflatoxin B1 was 1.835, followed by 0.915 and 0.135,
respectively. In the animal experiment, 36 male white rats weighing between 85-145 grams were used, and
they were divided into six groups: control, aflatoxin B1, aflatoxin B1 with yeast, aflatoxin B1 with zeolite,
aflatoxin B1 with vitamin E, and aflatoxin B1 with yeast, zeolite, and vitamin E. The isolate with the
highest concentration (1.835) was added to the rats' feed at a ratio of 0.5 ml of aflatoxin B1 before the
experiment. Blood samples were taken from the rats at the beginning and end of the experiment. The results
indicated that the white blood cells were significantly higher in the control group, and the additives (yeast,
zeolite, and vitamin E) mitigated the effect of aflatoxin B1 on the rats. Heterophil was significantly
increased in the aflatoxin B1 group, while lymphocyte was significantly higher in the control group.
Monocyte was significantly higher in the aflatoxin B1 group and the aflatoxin B1 with yeast group
compared to the control group. Eosinophil and basophil did not show significant differences between the
treatments. H/L ratio was significantly higher in the aflatoxin B1 group and the aflatoxin B1 with yeast
group compared to the control group. Hemoglobin (Hb) was significantly higher in the control group, while
PCV analysis showed a significant increase in the control group and the aflatoxin B1 with yeast, zeolite, and
vitamin E group. Red blood cells (RBC) were significantly higher in the control group and showed similar
significance with the aflatoxin B1 with yeast, zeolite, and vitamin E group.

Keywords: Aspergillus flavus, Aflatoxin B1, Zeolite, Yeast, Vitamin E, Male Rats.

Introduction:

Aspergillus flavus is a widely spread fungus that can be found in the air, grains, and soil (Pitt and
Hocking, 2009). The most common places for A. flavus to thrive are tropical and subtropical regions with
warm and humid climates (Miller et al., 2014). This fungus is also a common contaminant and one of the
most toxic fungi for feed and food (Savi¢ et al., 2020). Aspergillus flavus is a filamentous and pathogenic
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fungus that targets seed crops before and after harvest (Amaike and Keller, 2011). It is a widespread fungus

that can be easily isolated from contaminated foods, especially grains, vegetables, and fresh fruits, and has
ability to produce toxins (Heydaryinia et al., 2011). One of the toxins produced by Aspergillus flavus is
aflatoxins, which come in several types, including B1, B2, G1, and G2. The most toxic of these is aflatoxin
B1 (Ahmed, 2006). Fungal toxin for aflatoxins (B1,B2) is characterized by a blue fluorescence under
Ultraviolet (UV) radiation with a wavelength of 365 nanometers, whereas for aflatoxins (G1,G2), it is
characterized by a green fluorescence (Melvin, 2012). Fungal toxins are secondary byproducts produced by
fungi that have the genetic ability to produce them, under suitable environmental and nutritional conditions.
When contaminated food constitutes at least 25% of the diet, it causes significant health effects on humans
and other living organisms, as well as on the global economy and trade (Eskola et al., 2020; Raduly et al.,
2020). The lethal dose of aflatoxin B1 is 0.3 mg/kg of body weight (Dhanasekaran et al., 2011). The
toxicity of AFB1 depends on dose, duration of exposure, sex, species, and targeted organs (Congcong et al.,
2022). Aflatoxins also have an impact on body's tissues, leading to changes in cellular blood characteristics,
including an increase in white blood cell counts and a decrease in hemoglobin levels (Sakhare et al., 2007).

Materials and Methods:

The experiment was conducted from 20/11/2022 to 1/7/2023. The laboratory experiment was carried
out at central laboratory of College of Agriculture, University of Anbar, to obtain the fungal toxin Aflatoxin
B1 from Aspergillus flavus fungal isolate. The animal experiment was conducted at the animal house belong
to College of Education for Women, University of Anbar.

Isolate Collection:

Six different isolates of Aspergillus flavus were collected locally, including (field peanuts,
sunflower, local rice, soybean, and yellow corn), and were re-cultured and confirmed.

Culture Media:

1. Potato Dextrose Agar (PDA)-media was prepared according to the manufacturer's instructions by
dissolving 21 gm. of PDA and 125 g of chloramphenicol in 250 mL of distilled water. Media was
sterilized by autoclaving at a temperature of 121 °C and a pressure of 1.5 kg/cm? for 20 minutes.

Media was then cooled to 45 °C and poured into 10 petri dishes. Each isolate was inoculated onto two
plates (field peanuts, local rice, yellow corn, sunflower, and soybean), and incubated at 25 + 2°C for 7
days.

Toxin Production Test:
Two methods were used to test the isolates for Aflatoxin B1 production:

1. Yeast media - The isolates were inoculated onto yeast media, as it is suitable for toxin production.
Media was prepared by dissolving 100 gm. of yeast extract in 500 mL of distilled water. Media was
distributed into 100 mL flasks at a rate of 50 mL per flask, and sterilized at a temperature of 121 °C and
a pressure of 1.5 kg/cm2 for 20 minutes. The flasks were cooled and inoculated with the required
isolates using a loop (4 discs per flask with a diameter 0.5 cm) at 7 days of age. The flasks were then
incubated at 25 £ 2 °C for 14 days.

2. Local rice media - Media was prepared according to Shotwell et al. (1966) and modified by West et al.
(1973). The rice was inoculated with the isolates to achieve a moisture content of 70%. The rice was
then placed in 100 mL flasks and sterilized at a temperature of 121 °C and a pressure of 1.5 kg/cm? for

20 minutes according to the method of Al-Warshan and Al-Hadethy (2012). The flasks were then
incubated at 25 + 2 °C for 14 days.
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Aflatoxin B1 Extraction and Purification:
Aflatoxin B1 was extracted and purified from yeast media using method by Jones (1972).
Detection of Aflatoxin B1 in Yeast media using Thin Layer Chromatography (TLC):

Aflatoxin B1 was detected in the yeast media using (TLC) on silica plates 60 F254 (20x20) cm? from

Sigma, according to method by Cocker et al. (1984). The standard Aflatoxin B1 was obtained from Fluck
AG, chem.fabrik CH.9470 buchs-switzerland. The retention factor (RF) value of the samples was calculated
using the equation: RF = distance from origin to spot / distance from origin to front.

Extraction of Aflatoxin B1 from rice media:
Aflatoxin B1 was extracted from rice media using method described by Devries and Chang (1982).
Detection of Aflatoxin B1 in Rice media using Enzyme-Linked Immunosorbent Assay (ELISA):

Three samples of rice extract were tested for Aflatoxin B1 using an Enzyme-Linked Immunosorbent
Assay (ELISA) kit from Mybiosource. Samples were numbered 1, 6, and 7 based on order that gave highest
results for Aflatoxin B1 in TLC test, according to method by Engvall and Perlmann (1971).

Animal Experiment:

Thirty-six male white rats weighing between 85 and 145 gm. were used in animal experiment. The
rats were distributed into six treatments, with six rats in each treatments, left to acclimatize for 10 days.
Blood samples (5 mL) were collected from the orbital sinus of each rat before the additions and divided
equally into Gel and EDTA tubes for hematological tests.

After the acclimatization period, the following additions were made to the groups:

1. Group 1: Control group with no additions.

2. Group 2: Aflatoxin B1 was added to diet at a rate of 0.5 mL per 8 kg feed.

3. Group 3: Aflatoxin B1 was added to diet at a rate of 0.5 mL per 8 kg feed with 80 gm. of yeast / 8 kg
of feed.

4. Group 4: Aflatoxin B1 was added to diet at a rate of 0.5 mL per 8 kg feed with 40 gm. of zeolite / 8 kg
of feed.

5. Group 5: Aflatoxin B1 was added to diet at a rate of 0.5 mL per 8 kg feed with 1 mL of vitamin E/ 8
kg of feed.

6. Group 6: Aflatoxin B1 was added to diet at a rate of 0.5 mL per 8 kg / feed with 80 gm. of yeast, 40
gm. of zeolite, and 1 mL of vitamin E / 8 kg feed.

Blood Collection after Additions:

After 60 days of additions, blood was drawn from the eye sockets of the rats in an amount of (5 ml)
from four replicates and divided equally into Gel and EDTA tubes for hematological tests.

Statistical analysis

The Statistical computations were done using SAS software program (SAS, 2018) to explore the
influence of treatment in parameters study. Least significant difference—LSD test (Analysis of Variation-
ANOVA) to compassion between means. The statistical model was as follows:

Yij=u+Ti+ej.as:
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Yij = Dependent variable.
p=  Overall mean.

Ti= Effect of treatment.
eij = Error term.

Results and Discussion

Results of TLC revealed presence of three isolates that exhibited high green fluorescence compared to

the other isolates which did not show any fluorescence, which could be due to the environmental conditions

from which the isolates were obtained (Cocker et al., 1984). Soybean isolate gave the highest percentage of
these isolates in ELISA test (1.835), followed by (0.915) and then (0.135), and the isolate with the highest

concentration was selected for addition to the rat feed.

Table (1) showed no significant differences between the treatments at the beginning of the experiment

(zero time), indicating that the rats used in the experiment were healthy and no significant individual
differences existed between them.
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At the end of experiment, statistical analysis results showed that control treatment significantly

outperformed (P<0.01) all treatments in white blood cell count, followed by treatment T6 with a significant
difference (P<0.01) from all other treatments. No significant differences were observed between treatment
(T4,T5) or (T3, T4), whereas treatment T2 gave the lowest number of white blood cells with a significant
difference (P<0.01) compared to all treatments except T3. The decrease in number of white blood cells in
treatment T2 may be due to presence of mycotoxins (Aflatoxin B1), which affects in organs responsible for
producing and differentiating white blood cells (Marin et al., 2002).

Table 1: Comparison between difference treatments in WBC

Mean + SE of WBC x10®
Treatment Zero time After 60 Days
Control 13.07+0.51 a
AFI. Bl 8.30 £0.28 e
AFI + Yeast 8.87 £0.31 de
AFI + Ziolet 12.84 +0.68 9.57 +0.43 cd
AFl + VitE 10.21 +0.29 ¢
AFI + Yeast + Ziolet 11.38£0.29 b
+VitE
LSD value 1.080 **
Means having with the different letters in same column differed significantly,
% (P<0.01).

Table No. (2) shows that there are no significant differences between the treatments at the beginning of
the experiment (zero time). The statistical analysis results at the end of experiment showed that treatment
T2 significantly outperformed (P<0.01) all other treatments for Heterophil count with a percentage of
(49.50), followed by treatment T3 with a percentage of (41.50) and a significant difference (P<0.01) from
other treatments. No significant differences were observed between treatments (T3,T4) or (T4,T5) or
(T4,T6), and control treatment (T1) had lowest percentage of Heterophil count with a significant difference
(P<0.01), followed by treatment T6 with a percentage of (38.50). The increase in Heterophil count may be
due to stress induced by presence of mycotoxins, as stress leads to an increase in Heterophil count (Stec et
al., 2008).
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Table 2: Comparison between difference treatments in Heterophil

Mean + SE of Heterophil (%)
Treatment Zero time After 60 Days
Control 37.75+1.10c
AFI. B1 49.50£1.93 a
AFI + Yeast 41.50+£1.25b
AFI + Ziolet 36.01+2.34 41.00 +1.08 be
AFI + Vit E 39.25+1.11 bc
AFI + Yeast + Ziolet 38.50 +0.64 bc
+VIitE
LSD value 3.713 **
Means having with the different letters in same column differed significantly,  *
(P<0.05), ** (P<0.01).

Table (3) showed no significant differences between the treatments at the beginning of the experiment
(zero time). The statistical analysis results at the end of the experiment showed that the control treatment
(T1) significantly outperformed (P<0.01) all other treatments for lymphocyte count, followed by treatment
6 with a significant difference (P<0.01) from other treatments. It was observed that treatment T2 with
Aflatoxin B1 caused a significant decrease in lymphocyte count below the normal range, with a value of
(43.25) compared to the control treatment (T1) with a value of (57.75), and the reason for this decrease may
be due to stress induced by Aflatoxin B1 leading to increased secretion of stress hormone (norepinephrine),

splenic atrophy, and thus a weakened immune system (Witeska, 2003; Tuzcu, 2010).

Table 3: Comparison between difference treatments in Lymphocyte (%)

Mean £ SE of Lymphocyte (%)

Treatment Zero time After 60 Days
Control 57.75+1.11a
AFIl. Bl 43.25 +1.54d
AFI + Yeast 51.25+0.94 c
AFI + Ziolet 54.50 +1.84 52.75 +1.43 bc
AFIl + Vit E 54.75 +0.85 ab
AFI + Yeast + Ziolet + 55.25 +0.75 ab
Vit E
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3.403**

(P<0.01).

Means having with the different letters in same column differed significantly, faded

Table (4) showed no significant differences in Monocyte counts at the beginning of experiment for all
treatments (zero time). Also, table (4) shows a significant increase (P<0.05) in monocyte cells in treatments
T2, T3, T4, T5, with no significant differences between them. A significant decrease (P<0.05) was observed
in monocyte cells in the control group, aflatoxin B1, yeast, zeolite, and vitamin E. The use of binders helped
to restore normal values of blood cells (Abdel-Wahhab and Aly, 2005).

Table 4: Comparison between difference treatments in Monocyte

Mean £ SE of Monocyte (%)
Treatment Zero time After 60 Days
Control 2.25+0.25b
AFIl. B1 3.50 +0.64 a
AFI + Yeast 3.50+0.29 a
AFI + Ziolet 2.51+0.28 3.00 +0.41 ab
AFl + Vit E 2.50+0.29 ab
AFl + Yeast + 2.25+0.25b
Ziolet + Vit E
LSD value 1.134*
Means having with the different letters in same column differed significantly,
* (P<0.05).

Table (5) indicates no significant differences in the beginning of the experiment (Zero time) for both
Eosinophil and Basophil, indicating that rats were in good health. No significant differences were observed

at the end of experiment between treatments for Eosinophil and Basophil, as contaminated feed with

aflatoxins leads to a decrease in values number (Abdel-Wahhab, etal.,2002).

(219)



Journal of Natural and Applied Sciences URAL No: 3, Vol : 1\July\ 2023
Table 5: Comparison between difference treatments in Eosinophil and Basophil

Mean + SE of Eosinophil (%)

Treatment ) After 60 . After 60 Days

Zero time / Zero time _

] ] Days / | / Basophil
Eosinophil ] ] / Basophil
Eosinophil
Control 1.50+0.28 0.750£0.25
AFI. B1 2.75£0.25 1.00+0.41
AFI + Yeast 2.50+0.50 1.00+0.41
: 0.752

AFI + Ziolet 151 +029 |1.75+0.47 1.50+0.64
AFI + Vit E 225:048 | 1024 [125+048
AFIl + Yeast + 2.25+0.47 1.75+0.47
Ziolet + Vit E
LSD value 1.262 NS 1.367 NS

NS: Non-Significant.

Table (6) shows no significant differences at beginning of experiment (Zero time) for treatments.
However, at the end of experiment, statistical analysis revealed significant changes in H/L ratio between
treatments. Treatment (T2) showed a significant increase (P<0.01) compared to the other treatments,
followed by treatment (T3), while control group and the synergistic effect of yeast, zeolite, and vitamin E
treatment had lowest H/L ratio. The increase in H/L ratio for treatment (T2) may be due to continuous stress

that rats were exposed to as a result of exposure to fungal toxins (Donmez etal.,2012).

Table 6: Comparison between difference treatments in H/L ratio

Mean + SE of H/L ratio
Treatment Zero time After 60 Days
Control 0.523 +0.03 c
AFI. Bl 0.725 +0.08 a
AFI + Yeast 0.665 £0.03 b
AFI + Ziolet 0.697+0.07 0.606 +0.03 bc
AFl + VitE 0.595+0.02 bc
AFl + Yeast + 0.500 +0.02 bc
Ziolet + Vit E
LSD value --- 0.134 **
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Means having with the different letters in same column differed

significantly, ** (P<0.01).

Table (7) shows no significant differences between treatments at the beginning of experiment (Zero
time). However, after 60 days from experiment, statistical analysis revealed significant differences in
hemoglobin concentration (Hb) between treatments, with a significant difference (P<0.05) between control
group (T1) and other treatments. Treatment (T6) followed closely, with no significant difference between
them, followed by treatment (T5) and treatment (T4).

Table 7: Comparison between difference treatments in Hb

Mean + SE of Hb
Treatment Zero time After 60 Days
Control 15.89 £+0.59 a
AFI. B1 14.07 £0.37 b
AFI + Yeast 14.45 +0.29 b
AFI + Ziolet 16.24 £0.32 15.06 +0.66 ab
AFI + Vit E 15.12 +0.45 ab
AFI + Yeast + Ziolet 15.39+0.30 ab
+VIitE
LSD value 1.387 *
Means having with the different letters in same column differed significantly,
* (P<0.05).

Table (8) shows no significant differences at beginning of experiment (Zero time) for packed cell
volume (PCV). However, at the end of experiment, statistical analysis revealed significant differences
between treatments with a significant difference (P<0.01), control treatment showed a superiority (40.46),
followed by treatments of poison, yeast, zeolite, and vitamin E (39.41), with no significant difference
between them. There was a significant decrease in treatment of aflatoxin B1 poison compared to other
treatments (29.45).

Table 8: Comparison between difference treatments in PCV
Mean £ SE of PCV (%)

Treatment Zero time After 60 Days
Control 40.64 £+2.41 a
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AFIl. B1 29.45+1.46¢C

AFI + Yeast 33.72 £1.54 bc

AFI + Ziolet 39.07 2.45 34.40 +1.30 b

AFl + Vit E 37.68 £1.63 ab

AFI + Yeast + Ziolet + Vit 39.41+131a

E

LSD value 4,922 **

Means having with the different letters in same column differed significantly,
% (P<0.01).

Table (9) shows no significant differences between treatments at beginning of experiment (Zero time).
However, at the end of experiment, statistical analysis showed significant differences between treatments.
Control treatment (T1) showed a significant difference (P<0.01), followed by sixth treatment (T6), with a

difference between them, as shown in table below.

Table 9: Comparison between difference treatments in RBC

Mean + SE of RBC (x10°)

Treatment Zero time End of the
experiment

Control 7.98 £0.07 a
AFI. B1 6.84 £0.09 d
AFI + Yeast 6.98 £0.05 cd
AFI + Ziolet 7.68 0.41 7.06 +0.06 cd
AFI + Vit E 7.17 £0.07 c
AFl + Yeast + Ziolet + 7.72+0.13 b
VitE
LSD value 0.252 **
Means having with the different letters in same column differed
significantly, * (P<0.05), ** (P<0.01).

The decrease in hemoglobin concentration, packed cell volume (PCV), and red blood cell count may be
due to the effect of fungal toxins on erythropoietin production, which leads to a decrease in production of

red blood cells that have a positive correlation with PCV and Hb. As for other treatments, the reason may be
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due to the role of binders in limiting effects of fungal toxins. Alternatively, the decrease in red blood cell

count may be due to the toxin's inhibition of glutathione, which protects red blood cells from toxic

substances, making them more sensitive to toxins, reducing their numbers, and shortening their lifespan,

causing anemia (Yousef et al., 2003).
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