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Feeding Strategy of Evadne
Spinifera(Branchiopoda-cladocera) at
different depths in the coastal waters

of Baniyas City

*Dr. Kamal Al-Hanoun
** Wassim Mayya

ABSTRACT:
This paper Introduces a clear idea about Feeding Strategy of

Evadne Spinifera (Cladocera) by studying the structure of the
Mandible and the gut content of this previous species to determine
the food used by it in the different water layers in the study areas
under the influence of environmental factors. 87 samples have been
collected vertically with taking hydrophysical and hydrochemical
measurements in three areas that differ from each other by their
environmental characteristics, in the period between March and
December of the year 2020. The number of members of
(E.spinifera) that were studied reached (63) individuals, of which
(43) are female and (20) are male. The number of species and
genera of phytoplankton on which the aforementioned species feed
IS 8 species and 6 genera, (4) species and (3) three genera of
Bacillariophyceae, (4) species and (2) two genera of Dinophyceae
and (1) One genus of Cryptophyceae, and E. spinifera feeding on
(1) species and (1) genus of Ciliata.

Keywords: Feeding Strategy, Mandible, Environmental Factors,
Hydrophysical and Hydrochemical measurements.
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: (William and Munger,2010), (Mona et al.,2009) 25
pent ALals 51350 dings legiia oelie OIS 4(25-50) 5 o(0-25) clakall 3
led Lo (alinl(7) 5 £15(9) cals g Jawagll 3 apal dliadall (uliaVls glsV)
seiluagl)
Coscinodiscus sp, leptocylindrus minimus, Chaetoceros
socialis,
Licmophora sp., Rhizosolenia Sp., Nitzschia longissima,
Thalassionema nitzschioides, Dinophysis acuta,
Dinophysis acuminate, Ceratium furca, Alexandrium sp.,

prorocentrum micans, Protoperidinium sp., Rhodomonas sp.,
Pseudokeronopsis flava, Strombidium sp. .

g1l (8) ledle (s3x3 A Lulia¥ls glsi¥) 23e (IS 5(50-0) daskall 3
:sd9 oalinl (5)

leptocylindrus minimus, Chaetoceros socialis, Rhizosolenia Sp.,
Nitzschia longissima, Pseudokeronopsis flava, Strombidium sp.,
prorocentrum micans, Protoperidinium sp., Rhodomonas sp.,

Dinophysis acuminate, Ceratium furca, Alexandrium sp.,
Dinophysis acuta.

il (5)sle oelie 8 Lugyaall gsill acie) 4(0-100) dddal) & Laiy
tshy olind (3)5
prorocentrum micans, Protoperidinium sp., Rhodomonas sp.,
Nitzschia longissima, Pseudokeronopsis flava, Strombidium
sp.,
leptocylindrus minimus, Chaetoceros socialis.
tod Cpain (2) 5 ¢lsl (3) e (535 o(50-100) 4kl i
Dinophysis acuminate, Ceratium furca, Rhodomonas sp.,
Strombidium sp., Pseudokeronopsis flava.
ths bt Cpaia (2) 5 0esi(2) e 35 8 o(0-200)4zk) b L
Coscinodiscus sp, leptocylindrus minimus, Chaetoceros socialis,
Licmophora sp. .
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Studing absolute Convergence of the Double Series

of Fourier - Haar coefficients in the generalized

class w

Dr. Moner . M. Makhlouf

Abstract

In this paper we study the absolute convergence of the double
Series Of Fourier- Haar coefficients in the generalized class W
The following On theorem will be proved:

Theorem (1): Let f(xi,xz)eW , =1 , and convergence of
series :

(f,H)f +[E2 (f,H)F -[EC. (f,H)f

5|

Ms

n=1n,=1
= ECL(fH) = E?) (f,H)

:Then the series :
ZZ\CM (f H)I
n=0n,=0

convergence , where : C, (f,H) the Fourier - Haar

coefficeints of function f (Xl, XZ) .

L. DePr. of Mathematics, Faculty of Science Al- Baath University , Homs, Syria
40



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

:ianl) dasia -1

e cdluliie (ol & cadl 2 19105l & (Haar ) Jlla allal) RY
Ay e AUl colan eDlaluad) oda G cufll g ¢ Aaall Jlgal
Jadl o dcgen Ay e gl IS 8 Ljs lims 8piee

([2]. [1] L&) -[0,1]

Bl Gl IS 8 Lys Lgyaal ey lhad) Gl ey
iia [0,1] (0 E &> degana 8 o il Cus e — au
[3] .ol cpda G Al 23s 48 LS ccanga (uld by L]
e U< il cdludiad Lgydal pe ol by el Gl e
S 1< p<+o, LP(01) wlsbadll A
Ol edlbidia oylis duhy 8 olid) e Gyl LJ Lo oS
3y Ll dunie Clegana ann s Alen 8 cDlalaal) Aluiiag
Ghb Gy il cBluluie gas Ll duhyy L Saly Ciange Gl
([4] k) cdaellal Zpladg Lodad sens
Jlsal Slla — dwygh cDlduie (ol Ay CaggllS L5 Lo Bl Sl
([71,16] ki) -yl 1aa e Al dagyad) dasty A5
oo sl 13l Auhy DA e Gagig € ¢ o Al ode ake
sliialy Ly [0,1] e Syaiee dide @l Lo Al JaY edladoad)
([8] ).Lu\) .EJ)AL AL)AM

41



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

e Al e Auhy oulad T Aled) s are @l aeg
(s Uls s e fie) dnellai diad maent 33l (385 ,lla O Lludia

([12]050). R*(n>2) sleadll

Bpaiea f(x) alall cul€ 131 4 (C . N . Brenshtain) cubidiy ol

s lelisiall g__lju:a % 4..1}3 ¢ 2T b).ﬁ 9% z\-fljﬂj

1
sem sl

o F(X) Alall 4wysh e alae Alcdusial llaal) il iy

lgayy dgaa 5,0 foadlall Lda.wj i Jaadl 2008 E.(f) : o Cas

-

1g 0< e<l U 4l (Grigorian M .G ) glysupe il N
s <y ¢ [E[>1-6: 058 Gamy Ec[01] Ll dusie desene
f(x) gl g(x)e L[0] wal as slay oSa F(x)e 2[0]] s
sladll 3 lalhe dylie W s —awy Ay E

1S

&

([13] k). 0< p<1,L°[0]]

42



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

:duand) (daa -2

= dnyg COlalae cBladidial lladdl Oyl dahyy Gad) e B a8
& Ol dgas S Cuyall dayh aladiuly @iy déeliad) (Haar) ila
il (o gl aa et ) AAH Lagydl) aaiy ¢ W psre Chea
I alaall e jasall dua e cilinn o oK e laluial) sda of ke

LAdll)

2 AV diayall dsia il DA (e elld (Kasg
1> = [0,1] x [0,1]ausal) e ddyaa fxy,x,) Aol oS3l :(1)diapa @

P Aylie 46V cDlabaall of Gastiy W Cruall ) g

ii [Er(flc(fH)]z +[E§oz,212(f,H)]2 _[Er(f},z(f,H)]z :

n=1n,=1 nlnz

CEC(GH) (1)

Con (L H)] 0 B2 ¢ dlbiad) i Siie

o0 o0
m=1n,=1

(X, %) A i — asyd Sl €, (L H) G

43



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

Ll zlins A pa)ll 5 claally L) maliall (mns (V) (iapeiad

D) 1 b

Lghall Jlgall JS degana 98 Ly(12) eladll :[2,3,15 J(1) il e
I2=1011x[01] :aual Je ddpall foxg,x;)  8asasadlly

£ (3 %, ) dxdx, <00 1 V1 Loyl ddasdls

O ey
O ey

0585 g ¢ lSa IS A T i) 5f Jhas) oSay Ghaty Vi)
dala) Jagpall (e Jfn llg adde s3gamag 2 o gl s A
- (e laa) jond JalSs a5al

12=101]x [01]: gl e dbuall Jlsdll dles o) :(2) cupi o
H, ()xH, (x,):n, =012,..., (u=12)f :J<al
Lallai Baclaie dles i Jlly ddeliadll (Haar) [, dlea e

t¢ua ¢ ([5,14,15] ki) LAl

K, )
K s
22 , if X, €A}
K, (
L s
=q-22 , if X, €A}
(m, )
0 , if X, €A,

44



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

A(mu) [mu_l my

— 9k AR
= u m . a
ky ke 7 oku :ny 2 + u ol =l

1< my<2f ;u=12;k,=012,..;(m=i;my=j)

P USall el aall S :([3] ki) (3) i e

+2 202 Yann H (x)H () 1)
e dlss (=12), Y 5 s dael i) o o) cun
lasall 3 3g5al L (ggial 30y Tl 55 e Ll 138

54 ) Jaze i (L<k, <2™ 1<k <2™) : Gon o my,my Ky K,

C e dgan B e Al PR 5paal)

lida e o Juans aSr']l'nzh) E bl yust vie 4l ) 5LEY) aaig

. dabhids P( )(Xl,xz) Sl agan clyiS L ase i slly
ny s o Gaige fx1,%,) € Ly(I%) oSal 1 [3,7] phail)(4) s o

:ﬁmcuﬂ%wdhéi

45



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

2 . (k1.k2)
Sr(ll)nz (f.H) = lnfa I(-:ill"zz) X2) — Pmllmj (xlﬁxz)”LZ

Olla agas i £ (g, ) 1AL ’l:dm_uj LIS Loujin Ao il .

my, my ky, kq AaeYl, P(k1 kz)aj_\;i\ S Clalaa (o2 a;(till,}izz):i‘f*

n1:2m1+k1,n2:2m2+k2 :Ojsg&:'_\_.};:l.};j:l

Pngf,lol(xv X2)=

24
= a(()O z z a, /Ul
=0 =0
+ Z a‘m1+l rT11+1 )

=0
G kg daellg Ly oladl ) (i a!(fll)(xl) COlalaall o)) s

(el e Ll 0 1< ky < 2™ ¢ Aol

SEL(f.H)=inf [[f(x,%,)-P%) (x,x,)

a/(flll (%) ’ L

Ganilly e 3508 LIS £ (a7, 25) WAl Tibany At At el (uadl
X1 ):u:\.qﬂ

S desens 58 (0<a<1) Lip, <rall ) [2,3,4,6]:(5)kuns o

idaydll (3ass uf” I? Je 38yl f(xq,x7) Jlsal

fFlx +hx +4)— flx.x ) =ofh? +2)
” (X1 2 ) (1 zmc (

46



Giglia e d 2021 ake 12 23 43 alaall Guagl) daaly A
1?7 Ao syl daclaadllf (g, x5) Jlsdll US eliadd C (1) ey Cagus
taakailly 29 3all

” f ”c = (X[T)Ezax)elz| f (Xl' sz

f:001]1x[0,1] > R : dadsll Al aus [7,10] :(6)upns o
@l JaY adl Cuna b nge culi aag 1)) 12 e Wi il sagana
A={0<xy<x; <xy < <xp, <1}

A, ={0<y,<y; <y, < <y,y <1}

105

n-1
Vl(f )2 =sup SUPZ| f (Xi , Y)_ f(xiw y)|2 <k

0<y<t Ay j=0

m-1
V,(f), =sup supZ‘f(x, y)- f(X, yj+112 <k

0<x<l A j=0
PBV, (I12) 2 12 Lo Lon ) saganall Jlsall S climdl jayi Caguns
0<8p<1:0f Gajusc f €Ly(I%) Aall oS [2,3,5]:(7)cdups o

Ly cndl &handl JelSid) el deledl Yaie o(m =1,2)

PASAll ary g, 30 Ay £, %) Al
w1(f,61); = SUP (x,,x,) € 12{||f(x1 +ug,xz) - f(xler)”Lz}

47



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

w 2(f,62)2 = SUP(x,,x,) € 12{||f(x1:x2 +uy) — f(x1,x2) I, }

w 12(f,61,62)2 = SUP(x, x,) € 2 G+ ug, xp +up) —
Qe +uy,xz) = fxg,x +up) + f(xpxz)”LZ}

M=12) |upl <8y & us. il Lo
Ph WS e Wopendll Ciall ) £(8) upl o
W= {f(x1,x2) : f €Ly(I*) or f € PBV,(I*)}

k kq,k L.
O (6) = Hoy (5) + S0 = By (1 H) 2 305 gy
k k
EX2 () = Eppy (F,H) ) ESL(F) = Enyoo(f, H)

n, =2m+ ky, ,(my =0,1,2,3,...; 1Sk, < 2™ ;0 =1,2)

dady Lhaay S Cup dundl dads lls Jign ) e i il
P Alal dalgal) g,y (peiiall Aaills Loy (JSia s Juadl

fle,x) eW(I?) , 1?2 =[0,1] x [0,1]

o) Olaally 22y e

Ew'nz(f,H): lim Enlvnz(f,H)
E,.(f,H)= lim E_ (f,H)

p AV gl ) 2 ba (1) Liayuall cldy o gliilly dddlia) -3
Ol f € PBV,(17): OIS 1Y ([8] Lkal) (1) dpdugeas

48



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

w,(f,8); <V36 (), (u=12) ,0<6<1
2y ostall Ll AN sl sl 8 V() 2 Ces
D oflla e Wild o f € WIR) OIS 1Y) 1 (1) Adasmal) )

tlal 56 Sl Blglus caoa asld ¢ £ € Ly(12) O 13 1 oY) Al

O S

[F s x)— B, (. HOF e

= i iciiiz(f ) H)‘*i iciiiz(f ) H)
=+ ip=0 A —

o0

+ Z Zciiiz(f1H)

i=n+1 ip=n,+1

= i iciiiz(f7H)+i iciiiz(f’H)

=M+l i,=0 =0 iy=n,+1

-3 Y (f.H) W

=N+l ip=n,+1

sasly Ol 3gan ClES G e el oSe @l Jliel o 3l dga ey
Ayl e = anysh selae i s Lo ey s Juadl JBY) e
10B f(xq, xp) Alall

2. (1) =

:j.j'[f(xl’xz)_snl,nz(f’H)]deldXZ (2)

49



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

[E. (1 H)F =

O'—.l—‘

= [TF0 %)=, (1, H)Fdxa,

[E? (f,H)f =

= [[[t (%) -5, (. H)Fdxdx,  (3)
00
S5 galinnd Sl )l Blslusay (3) Al Caen oY)

[E@ (f,H)f = Z Z%z (f,H)

=M+l i,=0

oonz )] :z Zciiiz(f’H) (4)

=0 ip=ny+1

[E2 (

tele deans (1) daaliid) 5 (4),(2) B Glwalls L3311 Y

S S, (1, H)=[EQ (1, 1) +[E (1. H)F -

=+l i=n,+1
-[E@, (1. H)f 5)

falubual) lin ) g las cldy) Jlay

50



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

iich'iz(f’HX:ilecil,iz(f,H)‘

i,=0 i,=0 i,=0 i,=0

+;; 2 (F, H)‘+§§ch,2 X
+IZ;Z‘CH (f H)‘ (6)
O (e @il (S (S
2 & ER I ‘c, Iz(f,Hj
2 2 TH=2 2.2 2,
= c,l,z(f,H)|

ZZ{Z ZW} L2 St

= +1 i,=n,+1 = +1 i,=n,+1

]
1]
N
N
H

=
T
i

m_
3

3
3
i

1))

n=1n,=1

n,n,

IR YR S SN |
{ ] (7)

51



W pars v (b Ao Laal) A - dgy ) sb cSlalane Abuadiial gllaal) o G2 A2

1 w 1 i1 Cil,iz(f’H o 1oo® Cil,iz(f’H
22 cil,iz(f,HFZZZfLZZ-Z ——j
=2 i,=0 =2 i,=0 n;=1 |1 1 n=1i,=0 iy=n+1 |1 1

tl (Al dga ey




Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

ZZ

n=0 n,=0

Coyry (T, H)

Al s3a (1) dsajed) ) JaiSs 3gg

05 Bxie B>1 , fEPBV,(I2): o pas dslll AW
ii‘cm’nz(f,Hjﬁ<oo

Gy, (FH) ¢ ddiad of Alaadle wlly,

t oyseally 2S
gé\cwu Hy_nz_o Lol HY +nz_0c0n (f,HY’
+ZZ s fH)| (10)
m=1 n,=1

1S lSZkl ) k1:0111-- ) nl = 2k1 +l : US:JQSI\
1<j <2k ,ky=01,.. , n, =2k +j

pol and (1) daueally Halsa Aaaliic aladial 43l

53



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

24 )
Z Czk1+i,o(f ' HX =
i=1
2i-1 2
ok [1| 2k 1
:2&2] J' {f(XﬁW,xzj—f(xyxz)}dxl dx,| <
i=1 [o| 2i-2 2"
2k1+1
[ 21 2
Zkl 1 2k1+1
<2k12 J. J. Ay f(xlixz)ldxl dx,
i=1| 0| 2i-2| ok#
B 2k1+1
_ . -
2171 2 (21 2
24 || L] 297 2 1| gt
<2klz _[ I Ay f(Xl’XZ)l dx, |dx, _[ jldxl dx,
i=1 ol 2i-2 okl ol 22
2l ki1
11 2
S”A T %), dxdx, Sa)f(zkﬁl j
00 okl 2
<3. Zlkl Vi (F), eV (F), (11)

Pl (s (11) A8kaly

24

B
Z‘CIEL)O(f ' H Xﬂ = [ZZ‘CIS?O(f ! H 12] i 2kl[17§J <
i=1 —

. 2k1[1’§j (0-2_k1.V12( f )2 )g <
< q.240F) (12)

s by a:(cvlz(f)z)g Pus

54



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

rol and Ampaall & sl Qs e (12) 3Bl (e

Z Cnlvo(f ' Hjﬁ =
n=2
- ii C£L1+i’0(f ) H Xﬂ < ialzkl(l*ﬂ) <o
k;=0 i=1 P,

p s (1< B<2) dal o adl e cliy) oSay Lalas Alilas 8)geai;

i‘co,nz(f : H)(ﬂ <

n,=1

p ol and (1) dsngalls (10) ADlally alsa daaliie e lalaicl Load

55



w éuudmgé &L'AAS\J“A

- A sd cdlalaa Aladidial glaal) G Ul A

i+1

ija
21 0k2 1|24

2k2

J. f (X1’ XZ )H ok (Xl)H 2k2+j (XZ )XmdXZ

=0 j=0 |21 2j
24 gke
[ 2i+1
2412 kit
<2V ) Z |
j=0 | 2i
2k1+1
[ 2i+1
2k171 2k2 1 2k1+1
28 % 2|« I
i=0 j=0 2i
2k1+1
2i+1  2j+1

okl okp+l
x j j 1dx,dx, )2

2k1+l 2k2 +1

1 1

2k1+l ! 2k2+1 !

2

{

<o,

kytky
2

<}/2

2

<

2j+1 2
Jat
A 1 1 f(xl’ XZ dxldXZ
2j 2k1+1'2k2+1
2k2+1
2]+l
2k2+1 2 1
I F (X%, ) dx,dx,)?
2k1+1 2k2+1
2k2+1
2
11 2
g”A f(x,,X,) dxdx
00 2k1+1 2k2+1

f]
2
1
< 4a)l(w, fj .a)z(
2

1

2k2+1 !

),

56



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

sl

ok _

2

i=0 j=0

k2

LN

) 138
C2k1+i,2k2+j (f ,H jﬂ < 7/_2(k1 kz)[l . j

< yizk{li‘ﬂj. izkz[ﬁf) <oo
k=0 ko0

C a8 (1) ) il of e 12y
C\L\J\C—l‘tu °

Lol (1) B 3 (FeWNL(1°)) 2 ) =1 tamy 1 (1)

o0 o0
n=0 m=0

Cn’m(f,H1<oo

57



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

POy (1) Dyl i B =1 Laang 13 (2)

<00

=N

POl gy +a, =1, 0.0,>0 S

<0

LR LR
D

n =1

ZZ

n=1ln,=

o (. H) <o (15)

ok Lo Aaae @lldg 5pilie ddle Jgean) (o Al o2 il )

[E® (f,H)f +[E (£,H)] -[EC, (f,H)f
<[E@,(f,H)f [E@ ( f,H)]2“2

RPN PP

nn,

ZZ{[ () (1,1 (e fH)]2F<

I Y e NG
B P o

. (15) Aledudiall ylas iy
-a,=0, (,u:1,2):d;7 oo 4l lealls 233 &

. baelie (15) Albeiad) G5 ¢ (ar, =0 5l o, =0)

58



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

(1) &l e 4l (f eW NPBY,(12)) :l ﬁ>% ;oS 1y (3)

JUP-X
iicnm(f'H1ﬂ<OO
n=0 m=0
i (,3=1 /1<—%] dal Ga ails F(x,%,)eW oS 13 (4)

s 4 Aol

S S [(n+1)m+1)f

cn,m(f,H]ﬂ

Glaall o) ()5S o yg pualls ad ld oo Lk 4l e 5LEY) aas
e cBlabuiall (e g sl 13gd

59



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

:Gluagill e

D lalae Aadaiia )l Ly PIA (e clldy Jae 13K 5l Alglas (1
pe o n ) Sleliad bl (n>2) 80 1 5 Sall lla—auns
Ol o) QAT Al dag pal) daas
Cleliad 3 lla— 4ysh CDlalas clduiia gan ZLlE Ay dglaa (2
Aglad maead 3ihk ol ale IS8 Sphd auend b Gis 2 0l
kel JaY Tuass age Y1 1y ald J<E Al

L8ac Ll

60



Ciglia yia 2021 ale 12 2280 43 alaall Gaad) daaly Al

:(REFERENCES) galal

[1]- A. Haar ,Zur ,Theorieder orthogonalen Function en
system,Math,Ann,69(1910),331-371.

[2]- BARY. N. K,1961 — Trigonometric series. Moscow.
Government Puplishing Hause. 201P.

[3]- ZYGMUND. A., 1965 — Trigonometric series. Vol. 1.
Moscow Peace, 615P.

[4]- P.L . Ulyanov ,on the series with respect to Haar system
(Rssian), Math,sb,63:3,1964,356-391

[5] - B .S .Kashin ,A . A .Saakyan ,orthogonal series
AFTS M 1999 ,1st ed. Transl Math. Monogr .v.75
,1989,451pp.

[6]-KOLMOGORAPH, A. N., FOMIN, C. V., 1989 —
Elements of the theory functions and functional analysis .
Moscow , 623P.

[7]- U . Goginava . on the absolute convergence of the
series of Fouier- Haar coefficients ,Bull .Georgian
Acad.Sci.164(1):21-23,2001

[8]- Z . A .Chanturia ,on the absolute convergence of the
series of Fouier — Haar coefficients ,comment ,Math
,Special,lIssc,2:25-35,1979 .

[9]- L .D . Gogoladze ,V. SH Tsagareishvili ,the absolute
convergence of the Fourier — Haar series for two
dimensional functions, Thilisi,380028,Gorgia,2007.

[10]- S .Yu .Galkina ,, on the Fourier — Haar series
coefficients of functions of several variables with

61



W pars Ciua B dislaal) il - 4y jsh cBlalaa Alududial (gllaall i) 4 )

Bounded Vitali Variation,, Mathematical Notes Vol.70
Issue 5 ,pp 733-743, 2001 .

[11]- M.G. Plotnikov ,,Coefficients of convergent multiple
Haar series,, Russian Mathematics ,vol . 56 ,Issue 1,pp 61-
65 ,2012

[12] - UXAUJ3E, I'. A, 1972 —O kpaTHBIX psaax 1o
cucreme Xaapa. Coobmienust AH I'CCP, 35. N1, 541-544.

[13]-Grigorian . M.G ,,On the absolute convergence of
Fourier — Haar series in the metric LP(0,1),0 <p <
1, Akad. Nauk.SSSR. St.0025,Yerevan ,Armenia,2018 .

Eolabaall Iy Sl Edldia ol Ay’ 2015 ¢ e caglia —14]
(37) Alas ¢ Carall daals ddaac "dageall SJ)M\

Jsdl il — awygd cOlalidie clis " 2017¢ e Cislia - [15]
139 alae ¢ Gl daals Aae "Byinnn Lgiliidie

62



Aol Gl 832 3 a0 aALd sl 2021 ale 12 23l 43 alaall Guad) daaly Ase
’ 2 ¢

Jasay gaaadil palgill caah i oladtiaul Joa daulys
sl Silso 55194

2l gubd ag a3 ald sal
Lijses — (3ad daala — aglal) 43S — cbacals ) andd

UaAlall

a3 ey ddoegd) Lol Ve b A pedill o€ el aaf e aan Y
slo dlad) 13a 3 cpsh 3 Sla ol alaee <) A L gl e ylsa
hat daly Aol Al Ay (o aaE ol L paill s ol aEaiS aaly Ca
L L Adg yaall Laaall puadil) Cilia))lod gradiy pesd Baas Ao adh Gibe)lsd
A b it Calw Y a2 L calaal Baal A padnl) dnsall aulgil) dadyyy Gl 3a b
— bad) Lalh - ALSY) e Able Chad Crag) JelSl) ol z3sal)
el milie oSl AP AUSH Aldaall slacll salyl dSLaYl (bl dbgh
Joan il Baaa 4l Jo¥) Ganjibe oty Liad 5,3Y) o3a 83l Chagy bl
et 401 I ) dnpiil) plgill S5 A dudyy Sl goanll DU
e A Ao el de)lsn Loyl LAl uednll Gl ld meds asesil
e cBllie Jsss ge Agpaall i) e s pand Loens Jaxi uSl
Loaylsall Lalall eV by Ld 4] blag b daa e Gl L Jaee
ol LU LN Al daeY) Auhy Ld WS Lsaaae Jagyd (3dy da i)
LAl Jsan ae dajial) dyhal) daayy L sl s ) daylal) e plis

CH# eyl 41 2laaials Joeddl (520l

- Ghad dasla— aglall 23S — lialyll acd — jiwale il

(3 dmala — aglall A — bl acd — Capdall gl
63




AR cilia )53 ey (gl ol g8 G 5 alasid (g A 0

A Study about using Functions Composition for
Mixing some Cryptographic Algorithms

Ahmad Shaheen® and Prof. Mohamad Firas Al-halabi *
Department of Mathematics - Faculty of Science - Damascus
University —Syria

Abstract

Nowadays cryptography plays an important role in many areas. There-
fore, many cryptography algorithms were developed, but most of them
focus on one goal, such as the decryption complexity. Indeed, no study
proposes a clear mathematical technique that produces new crypto-
graphic algorithms aiming at generalizing and mixing some crypto-
graphic algorithms in a form of cryptographic functions. In this paper,
we study the functions of cryptography for multi goal. In one side, we
propose a complete mathematical model allow to describe the Vegener
family. In another side, we increase the possible total numbers needed
to break the cryptographic function keys. In order to achieve this, we
introduce two proposals: (i) a new technique for expanding the table of
numerical interviews; (ii) study the possibility of composition crypto-
graphic functions that constitute an effective technique for generalizing
and mixing function cryptography algorithms. We propose a new cryp-
tographic algorithm based on a cryptographic functions composition.
This gives generalization to some well-known cryptographic algo-
rithms with a modified numerical interview table. To verify the validi-
ty of our results, we study a special cases of the proposed algorithm for
specific conditions. We also study the possible total numbers needed to
breakdown the proposed algorithm encryption keys. Finally, we im-
plement the proposed algorithm with the modified numerical interview
table using C # programming language.

Keywords: Cryptographic function, Compound function, Function
transformation, Possible numbers, Possible chars, generalization algo-
rithm, table numerical interviews, breaking the encryption, family of
Vigener cipher.
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Using The Law of Transformation Tensor in
Cryptography

.Dr. Basel Hamdo Al-Arnous
Department Of Mathematics - Faculty of Sciences - Al- Baath University

Abstract
We used in this paper Tensor analysis in cryptography and
mentioned some fundamental definitions as the order of tensor
components and congruence of tensors mod n.

we proved that the cryptography of any clear text P from ASCII
characters , using the law of tensor transformation by a key
C (Cn : p,q), IS unique. we can decrypt any encrypted text C from

ASCII characters using the law of tensor transformation by a key
C (Cn : p,q) in a unique manner.

Key Words:

Tensor - Law of Transformation Tensor — Hill matrix - The
Cryptography key — Cryptography - Plaintext ,Ciphertext .
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Program Basel1;

Uses crt;

var

T,B,C,B: array [1..2,1..2] of integer;

l.j,k,l:integer;

Begin

fori:=1to 2 do

forj:=1to 2 do

begin

write('C[,ij,'1=');readIn(Cl[i,j]);

end,;

readin;

fori:=1to 2 do

forj:==1to 2 do

begin

write('B[',1,j,1=");readIn(BI[i,j]);

end;

readin;

fori:=1to 2 do

forj:=1to2do

begin

write("T[',i,j,'1=);readIn(TTi,j]);
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end;

readin;

fork:=1t0 4 do

for l:=1to 4 do

begin

R[k,I]:=0
fori:=1to2do
forj:=1to 2do
R[k,I]:= R[k,I]+T[i,j]*CIj,1] *Blk,il;
End;

fori:=1t0 2 do
forj;=1t0 2 do
write(R[',i,j,1=,RIi.j]);
readin;

end.

2 PEJ lin2-7
Program Basel2;
Uses crt;
var
T,R: array [1..2,1..2,1..2,1..2] of integer;
C,B: array [1..2,1..2] of integer;
lup,jup,kdown,ldown,l,j k,l:integer;
Begin
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fori:=1to2do
forj:=1to2do

begin

write('C[,i,j,'1="); readIn(ClIi,j]);
end;

readin;

fori:=1to2do

forj:=1to 2 do

begin
write('B[',i,j,'1=");readIn(Bl[i,j]);
end;

readin;

fori:=1t0 2 do

forj:=1to 2 do

for k:=1to 2 do

forl:=1t0 2 do

begin
write('T[,i,j.k,1,1=");readIn(TTi,j,k,1]);
end;

readin;

for iup:=1to 2 do

for jup:=1to 2 do

for kdown:=1to 2 do

for Idown:=1 to 2 do
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begin
R[iup,jup,kdown,ldown]:=0
fori:=1t0 2 do

forj;=1t0 2 do

fork:=1to 2do

forl:=1to 2 do
R[iup,jup,kdown,ldown]:=
R[iup,jup,kdown,ldown]+T][l,j,k,[]*C[k,kdown]*C][l,Idown]*B][iup,
iI*Bljup.jl;

End;

fori:=1t0 2 do

forj;=1t0 2 do

fork:=1t0 2 do

forl:=1t0 2 do
write('R[',i,j,k,1,'1=",R]i,j,k,1]);
readin;

end.
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Abstract

The study of transparent oxides (TCO) is of great scientific
importance due to its wide scientific applications. Therefore, our
study came to some of the physical properties of the compounds of
both pure tin oxide and iron doped tin oxide. By measuring the
infrared spectrum of pure tin oxide, it is found that there are five
vibratory frequencies, namely:415.585 - 574.683 - 1641.13 -
2125.3- 3432.67) cm™ and for iron doping tin oxide (580.49-
1384.64-1640.16-3431.71) cm* . the study showed that the greatest
value of the absorbance and absorption coefficient was in pure
sample respectively A = 0.725, o = 16.687 cm™ corresponding to
the wavenumber v = 574.683cm™.

Keywords: Tin Oxide - infrared spectrum - absorbance - absorption
coefficient - refractive index - optical conductivity.
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1.Introduction:

The crystals of metal oxides semiconductor have attracted a great
interest due to their intriguing properties, which are different from
those of their corresponding bulk state.Tin Oxide (SnO,) is one of
the important metal oxides due to its many useful properties such as
its wide band gap ( Eq = 3.64 eV, 330 K '), n-type conductivity, high
transparency in the visible range ( >80 %).

It crystallizes in the tetragonal rutile structure with space group
P42/mnm , with lattice parameters a = b = 4.738 A and ¢ = 3.187 A
, and can be synthesized in variety of shapes and sizes using
different low cost synthesis techniques relevant for a wide range of
applications such as solid-state gas sensors, flat panel displays,
solar energy cells [1-3] .

Its unit cell contains two tin and four oxygen atoms as is shown in
figure (1) . The tin atom is at the center of six oxygen atoms placed
at the corners of a regular octahedron. Every oxygen molecule is
surrounded by three tin atoms at the corners of an equilateral
triangle [4].

Some properties can be drastically changed by the addition of
adequate dopants. For instance, undoped stoichiometric SnO, is an
insulator .

Fig (1) : Unit cell of the crystal structure of SnO, [5].
2.Infrared spectroscopy:
Infrared is electromagnetic waves and it has all the basic properties
of light, which are represented by the phenomena of diffusion,
reflection, refraction, interference, diffraction and polarization.
They are invisible thermal waves emitted by the sun or from
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artificial sources and have a high penetration ability as well as from
our bodies and their frequency is lower than the red ray frequency
in the visible electromagnetic spectrum. The infrared spectrum is
located between the visible spectrum and the microwave radiation
spectrum. It is divided into three zones, as follows:

- Near infrared (NIR): It is the closest to the visible rays, namely
the red colour, and it lies within the range [4000 -12000] cm™ .

- Middle Infrared MIR: located between the two preceding zones
within the range [200 -4000] cm™ .

- Infrared spectroscopy is one of the basic methods of studying
materials. It enables us to identify the structure of the material
without affecting its properties. It depends on the study of the
spe(itra absorbed by the sample, and its field is limited to [20 -1400]
cm.

Red radiation energy is not enough to cause electronic excitation in
most materials, but it is sufficient to cause elasticity vibrations and
flexion in the bonds. All types of these bonds respond to this
amount of energy in which vibrations of this type occur. Therefore,
they are absorbed in the zone beneath the red under the condition
that absorption leads to a change in the polar moment, and these
vibrations are quantized, and their occurrence means that the
compound absorbs infrared energy in a specific part of the
spectrum. [6]

Most spectroscopic analysis occur in the central infrared zone [20
— 1400] cm™ where the most molecular vibrations occur to
determine the molecular structure of the studied compounds.
3.Infrared spectroscopy principle
Natural molecules vibrate according to all their vibrating patterns,
but with very weak amplitudes. However, the photon has a
sinusoidal electric component. If the frequency of the photon
corresponds to the frequency of the vibrations of the normal
patterns of the molecule, the molecule will enter the resonance and
vibrate at very large amplitudes. In other words the photon whose
energy is Equal to the energy necessary for the molecule to pass
from a low energy state to an excited state is absorbed and its
energy is transformed into a vibration energy as in Figure (2).
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Figure (2) Infrared absorption

Only the photon whose energy (hv) equals to the transmission
energy (E,-E,) is absorbed and thus the emission of the emitted
radiation is impaired. As the absorption of some of the incoming
photons leads to the appearance of the lines of compatibility of the
photons that were not emitted in the curve of the infrared spectrum
of the molecule. This absorption distinguishes the bonds between
the atoms, since each vibration pattern corresponds to the single
movement of the molecule, so there is a direct correspondence
between the frequency of the absorbed radiation and the structure
of the molecule [7].

Research objective:

This work aims to determine the field of absorption frequencies,
that is the vibrations samples frequencies of the infrared spectra of
pure tin oxide and iron doped tin oxide by ( 4wt% ), and then
finding the absorbance, reflectance , absorption coefficient,
extinction coefficient, refractive index, optical length and optical
conductivity to improve the physical properties of tin oxide.

Research materials and methods:
The following materials have been used in preparing the samples:
- Tin oxide SnO, (99% purity, TITAN BIOTECH LTD, origin
India).
- lron Fe (99% purity, TITAN BIOTECH LTD, origin India).

Devices and tools used:
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1- Sensitive scale type (SARTORIUS) with an accuracy of (10
Y gr is available in the Faculty of Science - Physics
Department.

2- Small agate mortar.

3- High temperature thermal Oven ( 700°C) with a Temperature
Regulator.

4- Preparing the samples:

The samples are prepared by the solid state reaction method.
Accordingly the weights of the powders required for each sample
are mixed and calculated using the molecular weight method in
order to obtain the compounds required for the study where Sn;.
«Fex0, ; (x=0.0- 0.04 ). Then grinding these materials in the agate
mortar perfectly well to make the mixture homogeneous and
sifting it with a sieve of 90 um. Then it is put it in a container and
we add distilled water to increase the mixing process and
homogeneity of the powder. Then we put it on a heater for 3 hours
at a temperature of 100° C and the mixing and homogeneity
process of the powder occurs by stirring.

After that, the powder is placed on a heater with direct contact
with the air, then the water evaporates and then we perform a
preliminary roasting process inside the oven (pre-sinter) to
increase the degree of homogeneity of the mixture. We fix the
oven temperature at 700'C for three hours, then we turn off the
oven, which means to stop the roasting process and leave the
sample inside the oven until it cools and reaches room
temperature, thus we get rid of impurities that evaporate at high
temperatures.

Then we grind the powder resulting from the roasting process in
its first stage. Then we perform the second roasting process where
we fix the oven temperature at 100° C for an hour and then we
raise the temperature 50°C every 15min until we reach the
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temperature of 700°C where we fix the oven temperature at it for
3 hours In order to get the crystal structure in its correct form.

To study the infrared spectra, we use an infrared spectroscopy
device, which is a simple device whose main components are an
infrared source, a sample holder and a detector. This device is
considered one of the best spectroscopic devices used to identify
the chemical composition of the compounds. It is available in the
Faculty of Science - Tishreen University works at the range [400-
4000] cm™.

The spectrometer is characterized by a computer memory that
analyzes the waves gathered on the detector, computerizes them,
and draws the spectrum resulting from absorption. Or a vibratory
transmission of the atoms occurs relative to each other in the
molecule, which leads to a periodic change in the length of
chemical bonds or a change in the angles between the chemical
bonds in the molecule. Each vibrational motion results from the
movement of two atoms, or it may include a group of its
constituent atoms. The wavelength or frequency at which this
absorption occurs depends on several factors, including the mass
of the atom, the strength of the bonds that make up the molecule,
and the geometry of the atoms in the molecule.

5- Results and discussion:

The IR spectrum of pure tin oxide and iron doped tin oxide was
measured using the spectrometer asco type FT / IR-460 plus
available in the central laboratory of the Faculty of Science -
Tishreen University, working in the range [400-4000] cm™.
Where the transmittance T was measured by the frequency
function v , the absorbance A, the reflectance R, the absorption
coefficient a, the extinction koefficient K, the refractive index n
and optical conductivity o, Were calculated:

1- Transmittance T: It is defined as the ratio between the
intensity of the penetrating radiation to the intensity of the
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incident radiation, it has been taken from the device itself and
then by using the appropriate mathematical equations, other
optical parameters have been calculated.

2- Absorbency A: is the ratio between the intensity of the
absorbed radiation and the intensity of the inciden radiation,
calculated from the equation [8]:

100

A=log (72) =log() (1)

T%
T represents Permeability.

3- Reflectance R : is the ratio between the intensity of the
reflected radiation and the intensity of the incident radiation ,
calculated from the equation [9] :

R+T+A=1 (2)

4- Absorption coefficient a: defined as the ratio between the
decrease in the flow of the incident radiation energy to the
unit of distance towards the spread of the incident light wave
within the field, and is calculated from the equation [10] :

0=2.303% (3)

A represents absorbency, d=1mm the thickness of
the material

5- The extinction coefficient k: is defined as the amount of
energy absorbed by the electrons of the studied material from
the energy of the radiation photons that fall on it, and is
calculated from the equation [11]:

k=—— (4)

4TV

6- Refractive index n: which is the ratio between the speed of
light in the vacuum to its speed in the field, and it is

calculated from the equation [12] :
1+R ﬁ

=[P+t ()
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R represents reflectance .

7- Optical length L: the inversion of the absorption coefficient
[10]:
-1
L= (6)
8- Optical conductivity o,y optical conductivity is related to

the refractive index and the extinction coefficient according
to the following equation [13]:

Gopt= % nkv (7)
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Figure (3): Represents the FTIR spectrum for pure tin oxide.
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Figure (4): represents FTIR spectrum of iron doped tin oxide by
(4wt%).

FTIR is a technique used to obtain information regarding chemical
bonding and functional groups in a material. In the transmission
mode, it is quite useful to predict the presence of certain functional
groups which are adsorbed at certain frequencies; thus, it reveals
the structure of the material. The band positions and numbers of
absorption peaks depend on the crystalline structure, chemical
composition, and also on morphology [6]. To investigate chemical
groups on the surface of sintered samples, an FTIR analysis was
carried out at room temperature over the wave number range of
400— 4000 cm™. There are several bands appearing in the wave
number range 4004000 cm™. The broad absorption band at 3423
cm?, the peaks at 2977 cm™, and 1630 cm™ are assigned to the
vibration of hydroxyl group due to the absorbed/adsorbed water and
show a stretching vibrational mode of O—H group [7]. Absorption
peaks observed around 2380 cm™ belong to the stretching
vibrations of C—H bonds that could be due to the adsorption and
interaction of atmospheric carbon dioxide with water during the
firing process [8]. The bands observed in the range of 970-700 cm™
are due to the vibration of Sn=0 and Sn-O surface cation oxygen
bonds [7]. The very strong absorption bands observed in the range
of 420-700 cm™ are attributed to the Sn-O antisymmetric
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vibrations. In that region, the peak at 686 cm™ are assigned to Sn—
O-Sn vibrations, respectively . The bands exhibited in the low
wave number region 430-620 cm™ are attributed to the Sn-O
stretching vibrations [10]. The Fe doping shifts the positions of the
absorption bands. It has been previously reported that changes
observed in the shape, width, and positions of FTIR peaks are
attributed to the variation in the local defects, grain size and shape
of the samples [11]. In all samples, the vibrations associated to C—H
and O-H bonds are seen. This implies that the surface is highly

active and adsorbed these molecules.

Table: (1) shows the vibrations frequency of pure tin oxide with
corresponding permeability values for each frequency, absorbance,

reflectance |,

index, optical length and optical conductivity.

absorption coefficient, extinction coefficient, refractive

v(cm)™

T%

A

R

a (cm)'1

k

n

L(cm)

3432.670

21.092

0.6758

0.1131

15.54529

0.000361

2.014

0.06430

0.083093

2125.300

27.692

0.5576

0.1654

12.82585

0.000480

2.371

0.07790

0.080712

1641.130

18.841

0.7248

0.0866

16.67261

0.000809

1.834

0.05997

0.081178

574.683

18.813

0.7255

0.0863

16.68746

0.002312

1.832

0.05992

0.081140

415.585

20.188

0.6949

0.1032

15.98285

0.003062

1.946

0.06250

0.082572

Table: (2) shows the vibrations frequency of the iron doped tin
oxide by (4 wt%) with corresponding permeability values for each

frequency,

absorbance

., reflectance,

absorption coefficient,

v (cm)'1

T%

A

R

a (cm)i

k

n

L(cm)

G(opt)(Q.cm)i

3431.71

14.1154

0.8503

0.0085

19.5570

0.00045

1.2036

0.0511

0.0624

1640.16

19.4074

0.7120

0.0938

16.3767

0.00079

1.8835

0.0610

0.0818

1384.64

27.3105

0.5636

0.1632

12.9644

0.00074

2.3557

0.0771

0.0810

580.49

14.5440

0.8373

0.0172

19.2582

0.00264

1.3023

0.0519

0.0665
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extinction coefficient, refractive index, optical length and optical
conductivity.

Figure (5) shows the change in the absorbance of pure and iron
doped tin oxide , we note that the largest absorbance value
corresponds to the pure tin oxide at the value 0.7255 corresponding
to the wavenumber (574.683) cm *, and the smallest value of
absorbance corresponds to the Fe doped tin oxide at the value
0.5636 corresponding to the wavenumber (1384.64) cm™.

0.900
0.800
0.700
0.600
0.500
0.400
0.300
0.200
0.100

0.000
0.000 500.0001000.000500.00Q2000.00@500.008000.008500.00@000.000

v (cm)?
Sn0O2:Fe(4wt%) —e&—Sn02:Fe(Owt%)

Figure (5): the absorbance by the wavenumber function of pure
SnO, and Fe doped SnO, powder by (4wt%) .

The absorption coefficient variations have been studied by the
frequency function as in Figure (6), and that the largest value
absorption coefficient corresponds to the pure tin oxide at the value
16.6874 cm™ corresponding to the wavenumber 574.683cm ™, and
the smallest value of absorption coefficient corresponds to the Fe
doped tin oxide at the value 12.9644 cm™ corresponding to the
wavenumber 1384.64 cm™.
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Figure (6): the absorption coefficient by the wavenumber function
of pure SnO, and Fe doped SnO, powder by (4 wt%) .

Figure (7) shows the optical conductivity of the pure tin oxide and
Fe doped tin oxide by (4 wt%) powder , where the values of the
optical conductivity in the pure sample ranges between [0.0807-
0.0830] (Qcm)™ . where the highest value was corresponds to the
Fe doped tin oxide at 0.0818 (Qcm)™ corresponding to the wave
number (1640.16) cm™ for Fe doped SnO, , and the smallest value
corresponds to the Fe doped tin oxide at the value 0.0624 (Qcm)™
corresponding to the wavenumber (3431.71) cm™.
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Figure (7): the optical conductivity by the wavenumber function of
pure SnO, and Fe doped SnO, powder by (4wt%) .

Conclusions:

1. The pure tin oxide FTIR spectrum has shown some vibrational
frequencies within the range [400-4000] cm™ which are (415.585 -
574.683 - 1641.13 — 2125.3- 3432.67) cm™

2. The FTIR spectrum of the iron doped tin oxide by 4wt% showed
vibrational frequencies within the range [400-4000] Cm-1, the most
notably are: (3431.71-1640.16-1384.64-580.49) cm™

3. The absorbance value for the pure sample varies within the range
[0.557 — 0.725], and for the doped sample, the absorbance value
varies within the range [0.5630 — 0.8503 ].

4. The absorption coefficient value varies within the range of the
pure sample [12.825 — 16.687] cm™ , and for the doped sample, the
absorption coefficient value varies within the range [12.9644 —
19.5570]cm™,

5. The optical conductivity value oo, for the pure sample varies
within the range [0.0807 — 0.0830](Qcm)™, for the doped sample,
the value of the optical conductivity varies in the range [0.0624 —
0.0818] (Qcm)™.

150



W G a5l danl il 2021 ple 12 2aal) 43 Alaal) G daaly Aaa

8. The Fourier transformed infrared (FTIR) spectrum showed a
band O — Sn — O and Sn — O stretching vibration
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