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Synthesis of methyl phenyl carbamate by electrochemical Hofmann

rearrangement in the presence of sodium halides
Abstract

With the spread of the concept of green chemistry , chemists sought to
find environmentally friendly methods of synthesis . Electroorganic
synthesis was one of the most important of these methods , as it relies
on the use of electrodes to carry out oxidation and reduction processes
instead of using toxic oxidizing or reducing materials .Therefore , the
research resorted to using electrical stimulation in the synthesis of methyl
phenyl carbamate through the Hofmann rearrangement starting from
benzamide in the presence of sodium halides (NaBr-NaCl-Nal) as a
mediator and methanol as a solvent . The effect of the molar ratio between
benzamide and sodium bromide was studied , followed by the effect of
sodium chloride and sodium iodide on the reaction . The highest yield
and shortest time were obtained when using sodium bromide as a
mediator at a molar ratio of (1:1) with the reactant , the progress of the
reaction was monitored by thin—layer chromatography and the product
identity structure was confirmed by spectroscopic methods (FT—
IR,'HNMR,'*CNMR) . The biological activity against bacteria and fungi
was also studied. Moderate activity was obtained compared to the
reference substance gentamicin againct Gram-negative and Gram-
positive bacteria . As for the study of biological activity against fungi ,

higher activity was obtained than the reference substance fluconazole .

Key words :
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Isolation and Identification of Pathogens
Transmitted from Soil Samples in Damascus
Governorate and Its Countryside

Abstract

Soil is a significant natural reservoir for enteric pathogens, potentially
playing a major role in the transmission of enteric diseases. Soil-borne
Enterobacteriaceae cause infection through consumption of contaminated
food or inhalation of contaminated soil dust. This study aimed to
investigate the presence of some soil-transmitted enteric bacteria, namely
Escherichia coli, Salmonella, and Klebsiella, in soil samples collected
from various areas in Damascus Governorate and its countryside.

Sixty-two soil samples were collected from nine locations distributed
between Damascus (Al-Razi Orchards, Baghdad Street, Muhajreen, Bab
Touma, Sheikh Muhyi Al-Din) and its countryside (Deir Al-Hajar,
Yabroud, Maaloula, Al-Saboura). Serial dilutions were prepared from the
samples and cultured on general nutrient agar and selective media for
isolation of E. coli, Klebsiella, Salmonella, and Shigella, then incubated at
37°C for 24-48 hours. Isolates were identified using biochemical tests, and
identification was molecularly confirmed by Polymerase Chain Reaction
(PCR) using genus-specific primers.

The logarithmic total bacterial count ranged from 3.29 to 4.47 CFU/g
soil, with the highest value recorded in Yabroud (4.47) and the lowest in
Baghdad Street and Deir Al-Hajar (3.29) CFU/g. Counts on EMB agar
ranged from 2.56 to 3.56 CFU/g, while counts on SS Agar ranged from 1.1
to 2.15 CFU/g. The results revealed the presence of E. coli, Salmonella,
and Klebsiella in all studied areas with varying frequencies, whereas
Shigella was not isolated from any sample. PCR results confirmed the
expected bands for each of the studied bacteria, showing 100%
concordance with biochemical test results.

The findings indicate widespread occurrence of pathogenic enteric
bacteria in soils of Damascus and its countryside, with variations in counts
among sampling areas.
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L) S Gaang Al 13 Ll Je il ()8 saeal o)

18 lapec 4 dilia del)) (o 535 lall 8)lal) il panivnall 36 13l Hlas) .13.4.3
Aagine Byl aladinly @lldg A al) ang & el 84 ey 3Se Ablude))) (e 5l dhela
OsSs dela 18 34l 2°37 dapall 4 Cpmaall 2 A calsh Cualiia s Al Sy A
G eal i el 13 Ll Jelall o5 danll 3 ol calll il 1) Llay Je L)
LI Gaang aly 530 afise

S Bl e il Kae 10 2 Gl Jay 281 100lall dgdda sl L14.4.3
bl s Sl Jni 13 Tulagl Je el (S Jdele 18 aal 2°37 Al b ially
ay lia i Y o 1) Lale Jelall (S 2% Aapall 8 caal) aey Jila
o4 Al 8 caal

S pads e i 8 Akl g lel) calias s SIS jeaas il 115.4.3
138 3 Jexind) Jassll (gsingy lewany e 1Y) Sna & CEUAY) 38 (ye Sl
)bl ahall Sl Jslae (e %1 5 e JsS asodl amding Ogiall e laay!
dlay) e i g Jelal Al o aSall ol 53 G ol syl LEAY) A)e
D-Adonitol :iagall b desied) Sl Gag - 5aaY) ) dasl) sl iy Jelal
myo-Inositol s D-Glucose s Glycerol s Dulcitol s Cellobiose s L-Arabinose s

Mucates Melibioses D-Mannoses D-Mannitols Maltoses Lactoses
.D-Xylose s Trehalose s Sucrose s D-Sorbitol s L-Rhamnose s Raffinose s

:(;U:‘:‘?J‘ DNA J) gadadiud 5.3
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Phenol-Chloform a)ss)ss—Jssé dapla Jlexinls agiall DNA 1 (adlasal 2
@37 Al B ale (shae w4 A5 jre Aagiyn Spaniinne il Ayl oy Sy ([22]
<7500 rpm de s 3l 10 s2ad Jiths ashall Cativsall (e Jo 1.5 325} 5 ALK AL
TE (Tris=EDTA 10 mM Tris- Il &5 e 467 pl asinll bl 358 pag
cll 25 o(Uefde 10) apisslll e 8 pl Cilisiy HCI, 1 mM EDTA, pH 7.5-8.0)
20) K 3lsigydl e 3 Ul il 2237 Al 8¢ il alea b delusad Gl o
& ddelu 5ad 3750 daal) b gal) (uasts SDS (10%) I el 305 (Je/ide
e sl Jsid el e Hl 750 Giliads ¢(Jse 5) NaCH) e il 200 il
@slall) Al ) Caliay cdsda 15 5aa rpm 13000 de ps gpal) Ji & caal) 3l
45 5241 3f3)53 13000 Ay giall Jilyy Jsilpagsd) e I 450 (LB 3oLl e
cuasill 2 DNA I Jeal %70 Jsliy) e do 1 )l ) il & cdads
Cuagi o Ablad) ae Al Ayl skl ZSY ALY @iy Jgilis el
WY B Asea o gan 8 (%100) Glad) Jaiy) of 3 bl 4dlia aies DNA
G5 A 4 daall & 356 5 sad rpm 13000 dejen i) Ji S iaY DNA
plaatinly DNA 35lai5 585 uld o5 5 TE I (g (e W 20 Gl o ccony s ol
Lall i Gua oM 280 dase s xie Nanodrop sl dbiaall (uld Slea
Aol (oSl L) Jadahg L il 9y Cadas all (ofs A giia 2.0-1.8 0 280A/260A

calai) sl 2°20-

((PCR) Jhaslgall A} Joldil) jLad) 6.3
oinl) e Aailas sal Sl phatinly Shatsll QL Jelill [laa) elp) &
Sludpall Gl 5 i o1 ) s salldly SlassdSlly Ll L) e IS g5
3850 A DNA D dse G 2 pl Jeliill ecaty (LS «Js5an) Macrogen 4S8 (e
50 »Sal 3 MgClz e pl 1.55 <X10 3850 53 sl e pl 2.55 <ng 100
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0.25mM 10 53S0 3 ANTPS (S ¥ da giia culagislil) o pl 0.5 5 <mM
iy bl e il 255U 3850 53 Tag DNA polymerase Shaadsdl il oe
O SR hial el alasinls pl 25 ) aaal) o (1) dsaall pM 100 S5

iy e PCR jlea slasinly Jelal) g5af ([23] Nuclease-Free Water LSl

2 Jsaadl b dsasall clshaally e s2IBiORad

Ll (B dasiiosal) ciludzall 11 Jgaad)

Bacte_rla Gene Annealing Sequence 5'- 3° P_roduct
species Tm size (bp)
. CGCGTACTATACGCCATGAACGTA
Kebsiellasp. | Gyrase A 60 ACCGTTGATCACTTCGGTCAGG 441
. ACCCACTACGGTCGCGTATG
K. pneumoniae | 16 srDNA 59 TTTAGCCACGGCAGTAACACC 480
Salmonella GAGGAAGGGAAATGAAGCTTTT
enterica tyv 58 615
(typhimurium) TAGCAAACTGTCTCCCACCATAC
. CAAGACATCATGGCCCTTAC
E. coli 16SrDNA | 55 ACTTCATGGAGTCGAGTTGC 150
PCR. 3 JL3d) Jalp 12 Jgaall
A3l 5 Bhad) da Jeldll Jala
46 30 295 &5V Fesal) Ay
il 45 260-54 sl Al (35) chsdl) 2
dagds | 2”72 ey dla e
alas 10 272 Al ULy Alsye

HUall gl el 7.3

o) e dalay e aun TE Jsall Jsladll (30 Jo 100 JS0 35581 ¢ 1.5 Gl
Cilysly asen Jls) in calaly @lyatll g 265 dapall & L) pleal) b g o
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Cilshy Caall QI 8 Jo 30-25 (il 5 DL il eyle V) Al L eV
A e pals Ladie alashs s miall ae dlas iy asail) (S50 (e il pny
Grenill Aasa e sy e 3-2 il abeatil 4880 15 330 lasey iy QLT Jaal
J< J Loading Dye 6X (Thermo Fisher Scientific, Waltham, MA, USA)
Jlexinly (TE sall Jolaaly il et L4580 dald) Jleainly Lal) cilie (e die
Jiaall i3 DNA Marker dple s dauls Jo 5 ¥ il 8 alas) 43l Ll
(Thermo Fisher Scientific, Waltham, MA, USA) 45,5 5 bp 10000-100
il 3 sl o e sl (ldipa + e ol bl alal) 5aY1 5 8 il
O Galall il & sl (DNA) Ll cilie e A JS e pl 10 33535 (Jelal
Jsases (UV) Gonudill 38 AU 3530 Slen 8 adass dbiny I 253 5 2
Ay po Liliay Cilanll alaal 3e)8 e (K0 iald Cilinasm o)sh 3550 igulally

[24] Ly

il 4
Tol ey il (3halia (may i A adball (gpdal) Sipleslll o 3 Jsaall sy
Vs (Y olasy) 83 Alaiay H<Y) dadl) CulS Cua Ay ¢ /CFU 3.8 53.29 o
oy dadlae 8 (25m) 4.47 5 (baad) 09 3.29 ozl Laiw Lalakg g)ld dilaiag
2.56 sl EMB 1 dass e 4aalil) afilall (g pdall aipple sl L (3 Jsaall) B
Gden ililad (Ysled) 3.56 5 (Laall ) 2.56 5 (@b ol 3.4 5 (Cwaled)
S-Sl dawss o Apalill adilall (gyliall Syl slll =5l Lt (3 dsaadl) Sl e Leay)s
O Cua ¢3dad Cayy dbilaa2.15 5 1.1 Gaea dailaal 2.025 1.23 wAgar
Yolaas cpll e gl Jhie A SV hsmally Lo b bt b J8Y) Slaail
(3 dsaall) Jsill e ledyys Bias Sbiladd
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Ghlia 330 (e Wgaaa ol (l0g1o CFU/Q) 4usi ale IS (& (g sSaall Sanil) 13 Jgandl)
Ngdi)y (3ad ilablaa

il (gpdial) iy e Nl gpdal) aiy Bl | 2l (gpdiad) iy _
S-S Agar o g Suall EMB i 5,8 oo oala o (1S5l
1.23 -2.02 2.56 - 3.4 3.29 - 3.8 (Aikaia 34) Bdas
1.1-2.15 2.56 - 3.56 3.29 - 4.47 (ke 28) (3 iy

Lidas daad QD e elase EMB ) Lavy o gl gl Ldpud¥) il jeniven Capel
fabadl Adla) (5085 sl (Ssmall emall Cnd ay Aal A5 il panine (sl dmyg t)uiad
i paniane S=S Agar 3 haus e Msallad) ciyels L 21558 5 80)00 LAS Gyguac
sall seaall Ause it Cielhy ¢ G5OU e Cua gl Lays gl JSe @l
EMB 1 Ly o Sl Cilpantine Cajelag Asiia je cdypaac caball Adle afilaS
ddalae alpll Al Jguall jeaall cind Cijedag ¢ Same guadl Glaal G dg0)5 cAplalis
LIS Aggeae Taa Bynal ol 0S5 Ao o LA ol 550 sidaina

@l & Mcfarland 0.5 3)8e ) Jsasll PBS 85l Lela g 8300 ol paxtiona ¢ G0 3
o2 il 6 S ¢ 4dshall g Cua i 96 Aapiia aladinl dygaseS il
e 2l JAa) s ¢ Il e SluglSlly Slsallally dasleall LudpidU chlasy)
95.6% 98.7% « 94.5%ulS alil) i of 5 ABIS-0Nline ssulall iyl
120] (o Oils e Bl S ¢ Vsl e

maly sy OYESN fe IS0 dunge dislll Wil adba of 4 Jssall s
Alsdls el fiandls ¢ oS~ ¢ 3lanmSsY) il ol La el g sl eJiisal)
RS 5yadl s ¢ 5Oy ¢l ¥y ¢G5Skl 1 SISl yaik culSy . Hy Szl
sllindly 5ehlls ¢ g plSalls ¢ 538l
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Lol a glad) Al
ALY g,

2026 pls 4 1)) 48 sl

Agiglgl) Lidipaddd &g gl i LEAY) geili 14 gan)

12 11 10 9 8 7 6 5 4 3 2 1
Citr | Ace HyS Indo Vp Mr Nitra Ornit Argin Oxid | Catal Mot
ate | tate | te hine ine ase ase ility

- + - + - + + - - - + +
Lact | Inos | Gluc | Glyc | Dulc | Celle | Arabi | Phy- Urea Gela | Escul | Tart
ose | itol | ose | erol | itol | biose | nose | alan tine ine rate

+ - + - - - + - - - - +
Fruc | Xylo | Treha | Sucro | Sorbi | Raffi | Man | Man | Malt
tose se lose se tol nose | nos | nitol | ose

- + + - + - + + +

al Ornithine-Decarboxylase (HyS 5 « VUG dage Sisadlidl cul€ Laiy
Aol (a1 ¢l iS5 ¢SV Dllay sl aag ey (i)
il ¢ e ¢ e Sl s padd e ¢ 3siladl ¢ sitlal ¢3Sl ¢ sl N1 SIS 5 yadia s

(5 Jsaal)
Sipalladl 4y g gasll e LEAY) @il 15 Jgand)

1 2 3 4 5 6 7 8 9 10 | 11 12
Mot | Cata | Oxi | Argi | Orni | Nitra Indo Ace | Citra
ility | lase | dase | nine | thine te Mr Ve I H2S tate te

+ + - + + + + - - + - +
Tart | Escu G?' Phy- | Arab | Celle D.UI Gly | Glu I_no Lact

. atin | Urea . . cito | cero | cos | sito
rate | line e alan | inose | biose | | e | ose
- - - - - + - + - + - -
Mal | Man Ma _Raff Sorb | Sucr | Treh | Xyl | Fruc
. nno | inos |
tose | nitol s e itol ose | alose | ose | tose
+ + + - + - + + +
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leie S alaadd $yaddy ¢ HaSedsaV) cdiisall yeal ¢ gy (ulS5h ¢ 3l V)
(6 Jsaall) HaylSdl ¢ Gudbll ¢ Gsilall ¢ glla) ¢3S lall ¢ sl Y1

Slapl€ll £ gn el CLEAY) geili 16 J gaad)

1 2 3 4 5 6 7 8 9 10 11 12
I\/_Ionl Catala | Oxida | Argini O_rnlth Nitrate Mr Vp Indol HoS Acet | Citra
ity se se ne ine ate te
- + - - - + + + - - + +
Tartra | Esculi | Gelati Urea Phy- | Arabin | Cellebi | Dulci | Glyce | Gluc | Inosi | Lact

te ne ne alan 0se 0se tol rol 0se tol 0se

+ + - + - + + + + + + +
Malto | Manni | Mann | Raffin | Sorbit | Sucros | Trehal | Xylo | Fruct

se tol 0S 0se ol e 0se se 0se

+ + + - + + + + +

o el Gl 3 53lsl (ailiadl e dasmpasll hLERY) il il e Ly
=30 Amgmall Al GliaY) Jis Ae 23 i) & cgie CatSll uglhall adihall
ole M) lia) adiely cafhall o3 Lo Cijels U Ghliall gpes Jia LY
Jsonl) gy LS el o3n Cie i A gimsa€l) CHLEAY) 8 puingy ol pantvnall 35l
G Gl 8 len Jlerinls 035 ook Lein DNA (oDl & o o7 )
PCR Jelis ) & a5 (NG/ 285-190) o Lpjis 75l 53015 Nanodrop

ABad) ) LEao §yliac) Al A giad) il £55 17 Jsaadl

DNA 5
On paliiual) sl raa ahall aul A
(ng/ul) eyl
285 S Gl El
233 GO Ol | g g s ey E2
205 Croaleall E3
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200 39 E4
225 TP E5
223 TP E6
220 Y slxa E7
230 Y slxa E8
220 Y slea E9
185 oaall jn E10
199 Y slxa S1
200 Y slxa S2
250 Y slxa S3
274 TP S4
i gallual)
236 39 S5
210 Ol e gl S6
199 Ol e e Y
245 SO Gl S8
263 @I ol K1
255 Y slxa K2
250 Y slea PERRRIS K3
199 Sy K4
210 TP K5
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S0 Mgy o) dsag %15 jp)lel Adla e PCR ) Jelis il dinfi
Al 2135l llaall ey Aida 45 522 V 75 Akl vie Ja/3Sa 0.5-0.2 e
Lall ot A il JIshSU 1 JSEN 8 daa e 3lills NM 254 dase sk xie UV
o) (s 255 4805 441 as Jelitll 3 Loriial) Alalad) culysall JIshY 48 gall
Ge IS G e 3 1505 6155 ( sl e Gl gy Sl Guin (e IS
SsglSll afiha Jlastia) (M) 5)LEY1 jands ¢ sl o duglll Ll 48l S gallid)
(Apsaadl 33 A8 35 (g Lgle Jgmnd) &) Gu) (e 253 480 Jshay dyyledl 435350

PCR I e 3LiS hiall ¢ lally Jeliill lay) aalis

Ol A 3(4-1) chlad) Cun :%1.5 5,89 Adlgd Alugsh oMl milgd 1: Jill
:4 ¢ 615bpauis Ssalls :3 480 bp A5ty SenlS 2 441 bp Sl (i 21 ¢l
O5%) (b 8L 15 €480 b Aysi )l Dl dyylie e 16 ¢ 150 bp dsishsall Ludpuy)
100-10000bp. ¢kas s auls :MW ¢( DNA

lede sl il daspall cyarinall S e PCR ) Jelis ela) 5 4l ) 5Ly st
il el gaead Ll Tyl cpglal illy ysom g LY
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4B L5

Al Jalgall ) Toltins) dsussi) lesann Gaed ) Al e Uil (bl Candd
caiball (Slus il e sanall 238w L lel] Eoa)lly Leiuhy dagad Cargn ellbg clgd
sl Gilaa) e 5uld i S5 o(Nematodes) k) olaally ccilyhdll clilalal)
-oabaYls

el any b Galii) 8 el Ay aag A5l Llin ) el sy of il
Ma5) Gy I LAl Ailly 3alid) delsally it W WS ol cpe i) e
ol Sl - lendl il cpmpall Gigan e 51 T Ll Jelsall sl cfglad
Lol A Gial et Al Ao Lain) CallSilly spenall BV Julial b delua S
[25] a5

i) e adslly chadal iuhal Alad) luhall e aaal) of 58V Gl 4 s
olaas g pal) L3 Jaslaall o i€ 2023 ale 8 Al A 88 450 8 Lyl
lan€ il gl gy Baanse Ay5i (g 33 Jraladd) f dalladll ye sl Capal)
A8V Dlginly dagpall 80 Aadl (abad) e 2 ol il aw @l (gpne
80 Jie osialll g ki) 2008 e b duslys 8 Y] S ([26] dajlall il il
el el Cua Gl e s OUI ol At (g laladY) Alsail 2a)l aihall (e Al
lilal Lage leagine 2 A3l ol oda Gy Sl il (gl slall Adle daslia
Ll LUSY Gy il daiiall cililbead) e saaa ) Adlaa) [27] dasliall ciliysag
LanaV) die e 2023 ale b dulp b ofialdl g Uain) LS .[28] ESBL <kl
[29] Jralaally ddagijall dpe )y 5l &alls 45500 (e A 508l

LS sl clia ye 5 o Ll oS Cun dadall olaY) ol AaDle 4l dyshay o
O A5 [30] AnsSaad) SLLELY 2 Sala LetsSiy alhal) ant Dbyl Al (o siag
zmsdiall 5yl <l Al Ayl of Ablall A5l A gmall (ayaal) Jalad) o liy Y ra
[31]e WL Llany) Lo
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ailsadl & (PH) Ll Acages Anpn bl e ol Auball o3 o ) BLEY) s
aiball Jlimls oliy Ao il & Jaladl 3] Cagpeall sl e a2l o g paall
o aiball Sl pailad e it Guaguedl a0 o ) [32] JLal s L agsedl
Gliga o Wil oY dpaeall 50 8 Uad Jaeay s adihall of 3 sl cliga
@) am Sl ol 855 axe o) Al Laall Caglall (e leeay Lae cayy 45
A Auhall by gasa
laddant ¢ Uiyl a5mrs ool el (il cgy) Toland oY) Slaliall culS Linly b
Ghlia) b dals) Ladldl dshll e miie ) ma¥) e (gsmalls SSU) asial
W cadhadl sl sail ddlie iy s Lee cdoleiall o Ay Lages days (Re)y)
Il dlaall (aladl dgay 8 (3)guall lag Qb calar g )LS) Talaxs o) sl
o Aaaen) e e Auaes gl Sl (Al Appiaall Bhliall ) dighayl) (alis
Cilalail) 8 Jasalel) il e (Say Aygmall afihall Aalds cafilall IS aia (4508
Al A8lasls A5l (alladll & YY) ¢ pa 3 duhall Bl duagial)
Olsall AL 4y pianl) algall 2355 Cam Ay guiand) Balalls Aysha)ll (o Wlgina s 405l ¢ 53 dualss
o dangl a8 elmisiadl Hhall cilayy Juadls Gl b ds ol e afihall 58
Mawil) (aliss) Bsale JS 3 dysie A 40 (Y Aasie 4000 15 a3l dn)2 g 1))
6] (2555l
cilalainly Ll (ailadll & €0 lesi Call 8 agial) slaaill b cplal) (e
dalizal) AL ) Zals oAl Aats due )y bl o ol S iyl Blabiall Gn (o=
e e b Luilas Y Ayl A5l 45
ISy cpilailaall (pn al) o)l 38 EMB Jaws e Al Zygaall afihall dully L
Buad iy A5 (@ ol) 3.4 5 (Caleal)) 2.56 Gn (Bued (B sl G (Y
o2gd Ly Guilaie Jlal ) colal 13a il (Yleo) 3.56 5 (Laad) ) 2.56
Llaall Jie 3S5ike dalsm a1 e silie il dikie JolS 3 daasiall de sendl)
s Glayd ae Ll il . Aplly (gypandl Galanall IS 3 el ol (g 00d)
Agpmall dadiy Ayl i) G S JS Galiny Y Al A E. coli il of caaa
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Al 8 %T6.7 5 dgeaall 45 3 %80 s cialy Apliie dgas cani il Cua
Jilaally .yl AS 8 Al 06 28 ) Sl jobian o Y s Las dgpaal) 4ud
) Loy oyl e J8 )8 dae 3 EL colil liml A of aasg Auhall il g
aabal L5l g1l (s 3 EL €Ol asay o of Al il ey WS L[33] %44.7
DL (8 maaly )l o du Lo sy e e bally Ll (e IS (8 %73 ) dead 8
sl i) Aimpeall Ll 3 (s Jpean oSay Ly [34] ddbiadl @lid) o
& Al chlad) daglia (e ol Gligine day &5 Cua Caglls Al asiyal
35180 GBlalial)

ST Ll Sarally M salldly (alall SS Agar by e sl jelal (Jilaal) 3
§/CFU 1.1) Glalidl) paen (p Aillae dad 0f Javss @) (Biad Cayy 3 duaals claguag
Gl 1.23 G (3 af Cangl i Laiy o(Vslea 8 ¢ /CFU 2.15) dad els (5y5mall 8
Jalgall Zagipal) de samall o3 Al Cplill 138 (uSay L (Cpal) o ) 2.02 5 (Less
e gl (gginall (dyshayll dapy Al dapds Jia o(Micro-local factors) dasall 4 lall
s Apanll 3aenYl alatind S Laldl S Lo )3l Al saaae gl jalas dsasy
Salmonella La o) duiy )l dae )y 30 4l dalaldl el jall ¢ yedal Linilial g lia 4y
501 alaids e 3l Lalaally 38y JSE Uadipe iy 41 E. cOli 0o il 52le o
E. coli daus sy Ly <%0.418 4oy Ll Salmonella afiha cila 38 4l 50l
elilaa¥) ofad Lage L W Jias Ao )3 Lol o 2S5 Lea % 11.3 Ayl i 3
[36]aslsn sl (e (A Shlial b dals
Jal Cum (e dypmall D) e Wl ST Ag) 2l o ) @l et clle K2
e om e T b (rseall) Wil (255m) adll el Cilas Cum dygill b 5500
a5 Ayl datiyal) Lpnaal) Slalaal o vie 45831 Al Jalsal) Al eal bl
Al A8hasS sl (ailiaddl by Al bl Gluhall e ajall el 8y pa o
SV sl cpelal Al Ayl Bhliall 8 daals g Sad) Jeally
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cha o 28801 e La¥) 2 eadl) (e ki) 358 At g o T sled) s
Y Dy o S Y Al clibl) & ) el oSl ¢ BSl el e Ly 45
OsSs 8 Lmsdil) (35 AV B0 (o 5 (Bae (e Canen Auball o2 A clie
- [37.38] 4 dadall ela¥) cliy 3 sgusy 38 Los clisall 038 e Tasaas

Gl 8 5l e e a3 celally gl A e Al 8 388 e Lal) AS)a adien
Ll B hm L el iadiig dacay S5l Y 3350n0 lilis e () o Ll daniiall
aihally Ddsall oluddl gl o cluhall cuplal a5 L[39] Ayl clia e byl
Lgna afiha dsay o ISH & ayall HUadY) sl b BIA 2y Sl lly
[40] i gall o3a wa Cpalyilly dipanlly Aaiall Y1 8

Cangs cdabpall oda 3 Al Clie e Tacse L]l Jomd HLia) &8 ot Lo ) Taliin
Nghyys (3o iliilae e Ailiaal) 3lalidl) 8 dygeall afilall e CadSH ddlaal saly)
i Bhlial) e (& SlanlSll5 Sl gallidly A slglll L)Y afiba 5a il Cajelsl
algll 138 i Sars lete gl (8 Sl adha el ol pa ( clinall gt Cinan
Lgall HUadY) ieals G Hlad) Jsha 5l Leaal dalse 3amy Lygeall aiihall aulsl
e (sand) 3aaully Aglpally Ayyid) CDLailK) ybas e adlall ol Ji
Gld Lty Wl 22 500l sl Calidie 8 Layliil ) oo Law ccapuailly adaud) Glyjal)
Al Ll Gl Bl lgabia ) apm 88 (Dlall pea o Saadll afia
Jals Al Bhalie b GASH 1agy Al gl jalias Lpagane I f () cliladYy
L aliss) o by 8 A5l Gl G sl cle puds U Zleal) (35580 al
Laidie Loee dejn ) Dadl Ui G Ol palldly 4)lie Caumall s i) e
Ll gl jame of WS [4] Al 8 Dgha A a6 Y Al g plall Al LS s
Daban (e diaay o oS Sl pallial gl Laay oJad Zppll cdladll o sty Ssilly

[3] e sia Gy Aty
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) 2ladlS) Lygumall saanY) alasin) Jea laind eha) Auhall oda Glad (el ol
Gulall e nli) LSl ellyy (lind) pea pdlse A (sl S gyl
saan) (fs duals dAdlall Auhall Glhasane saa) sl 130 22) L S aslgns Saal)
Aggaall athally 45l St Laga aas i dyguianl

¢ alaall 45l L8 e Hie 38 A g paall Gl Gy b (gaaand) (ssiaall alias) ()5S S8
Al Algial) (alyeV) i b agas el [41] bajlily adhal) ol o oysn i Laa
e all 33l Clgladlly Jadiyy (alpa¥) oda Cugan (alidsdl of ) coladyall colsl s
J19] bl mny 8 A5l Hsa

sa el (6 a5 Slsallll e ST Al LdipadY) sl il o 3 Jsaad) e
Wa haae 0585 38 4l of Jaagd a8 dgynall Gl ey 6 gpemall dland) alasid
e E. coli a¥dle Jie 5131 4l Jaly Sl e Lg% Coy E. €Ol O157 iyl
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Say 4l [46] o53e35 Feachem elal s ¢yl 5 Lot Al gda 5558 o1l 5,8 ulilaadl
o [47] odays Johannessen peash LS ¢lasy 20-10 ¢ sl sl 3 cililaay) ol
di O ol 3¢ el Bl W Gl (e sl Badd Al Ldpdy) (A5 ) oS
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V203 sadd Ayl e aslall 3 a5 o Say Siasalldl o [18] (2004) o5
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[48,49,50]. Ayl b oladl s a8 ol o3a 13g] ¢y 5l

s Al L Jleainly i) sl (adis Je alie¥) & dubll oda
aaaiid lly Ailasl Lysmll LAY (o desens s hals lesia gyl Jpall (pauai
o Gs Lo 1y ADELY) lpailad e Toldie) dahiad) cliladY) g sl G Sl
gl dgigall a8 skl aes [51,52] Jlaall 13 & dgmapal) clishall Cle]
coille Ao g dplun (e 43 3l L cgpiall il aSh 8 4pulud 510 PCR Ll
Las ¢g)al daradio cillyse 5 16S IDNA )jpe Jie Lo s il (o i€l prans 3)
el e o) Uasd) Alaa) Jlisg dagindl g lsV) o Capel) 382 pd) 3 ages
[53,54] (gt

dzaal @ld 165 IDNA &5l o dgegiyall el 2B Ayl cohlia¥) il ey
Zysall o2 23 3 (Al Dl Ao L) daldy liladY) S b ddias
Ol S Adee e A e L o WS Aag ol sl Jali) (Slal aaat sacld
(bp 500-250) e spmill JIshaY) Jlasias) o Camazny 2025 ple & cual Ay
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L agllad) Wiy 308 ae (38055 Lo 138y <[55,56] SpusnlSlly A5l &1 L) el &
Gl L say bp 44105k 208 Jiajil) ey cilae 888 Sl e Sl daally
e DNA gyrase ail e A Lejill sasgll jah Jlly gyrA sl 2asind we Laaje
pasadll aag oy skl LlBle aaaty DSl Coiall A AadlaS aly (3l
Leipaal s Lot 3laliad) €Ty e b 441 ek gy Al QYrA &5)5all dalad 35
[57,58] Gl Jals dyylid) 4kl cile ganall G uall e 4l

tYV &) sal Adagione Cilipe apanal Auhpall Crandinl 28 S galldl g 15l Sl Ay W

wlalll 23 &% .Salmonella enterica & tyvelose epimerase apsy e U

S. & Lin &S, Typhi afln & dalldl Lysall dsas xie DP 615~ Joday daai
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Solution of Solving Second-Order Linear Fuzzy Differential Equations with Constant

Coefficients (Without First-Order Derivative) Using Fuzzy Laplace Transform

University of Homs - Faculty of Science — Mathematics Department

Abstract

In this research, we will present some fundamental concepts in fuzzy logic and highlight the
algebraic operations of fuzzy numbers that have been utilized in this study.

Additionally, the fuzzy Laplace transform and its properties will be defined, followed by the
methodology of using the fuzzy Laplace transform to find the particular solution of second-
order fuzzy linear differential equations with constant coefficients without first

Derivative .

Key Words: Fuzzy logic, Fuzzy differential equation with constant coefficients, fuzzy
Laplace transform.
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e ganall ALSUPP (A)  Sojlls 4l oy sl A dglaal
supp(A) = {x€X ,p, > 0}
[2] :(3-1-5) iy s
A oyl giss Ay X 8 dplaall Gilesandl) (e dlile o T dpluall Ll
o, XeT (I
ANBeT xxe AB €T Js1y(2
vueUA, €T A,eT;iel g1y (3
cona baslpil sliad (X, T) o)l cmmas X (o Gl baslonla T e
[3] :(3-1-6) iy

simsall o ol degana iy ¢ X e Aplin A5 desane A o (il inglls 3lad X (g0

e panall Loy A(T) 5 1) oy s A Gyl 38al) deseadl 0 ST S

ACr :{xEX;,uA(x)Zr ; r>0
cl(supp(A)) ; r=0

A il 485 de gend) 2Ll a cl(supp(A)) s

[3]1 :(3-1-7) ciyps

w:R— [0,1] Guki s bzl sl
A al ) By

e 4l gle u (1)
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Gl phon cma u (2)

u(Ax + (1 — )y) = min{u(x), u(y)} ; x,Yy€ERA€[0,1]

Ixg ER, ulxg) =1 b u (3)

suppu = {z € R,u(z) >0} £ Jos o0 U i cl(SUPPU) desend) Lilal U (4)

Gligisad 3ale Says U bzl 2l Glgind) pen & 5 B e dyluall slaeY) Kidesns B il
rdSall [u]® el w ozl sl

{zeR,u(z)Za; 0<a<l )}
cl(suppu) - a=0

[u]*=A{

533 Gilie 558 4 (ol 33l @ g e gena ) |2 (@), UW(Q) ] 51 ans

: ISl Lyl haae ojliie) oS Y US of G

y(t) — {%) ’,tt:;b%;

1AlaaNa
Al SaeY) en e gendd Sagis ¢ [@1(0),20(r)] ocan L A(T) s Tl T e A i< 1y

Fr 5o R e 30

dplazall dlac Yy Aibal dnluzall AlacY) g dulacall Laaal) dacY) e gluld oleg aag 4l ) 5)lay) s
Aghia) Aplaall slael) e Wuls & ity Ll

[1] :(3-1-8) Ciups
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Aygenal) A bl Jial) OSN3 e 4 Al 8 saad) e Jsi Baie Ll Lids e A (<4
JSEN (e 4l Py

| /\
]
1
1
1
"
a I B

e

BB el 3l Apinad Bl SR 11 JEEB

PO aed B bl saell dygumall Ally G Tl

(0 if x<a
xX—a
P fa<x<b
,uA(x)=<x—c
fb<x<c
b—c
kO |fx2C

S spa (C) =0 pa(a) =0 pa(b) =1 Jgatl k) bl sl e e A= (a,byc)
g amasb<c

simnall (po chaill e sana Aapa axisl Gl sl 2l A= (a,b,€) s

A(r) =[a+ (b—a)r,c+ (b—c)r] (1.1)

Agluzl) Adaal aaeY) o dgludal) 4yl claad)
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Gllaad) & 5N jaady dglaal) dgaad) dacY) e dlual) dppall cllen) aal 558l o380 & Gy
aladinly S Ayluzall agall Mae S Lysmall I aladinly Cajed dpluall dagall daeY) e dyluall 4yl

[1] :(3-1-9) iy
:olh vue NER G muty ABeFy i

Gis Maop) A isad b e ADB s Jiis s 0 AJB bl Gaas) el gsens ¢
thyyl) sac @

Roaen (Z) = Sl(ll;min{/vbA (@), p5(z) )
od(z

o(z) ={(x,y); x+ty=:z} (&

Gisan Al dypamall Al ot AA L S8s 20 5 N el Aol A Ll _3dsll saell open (Y
Lyl sacld

sup {ua(x)} fA#0
{x:Ax=2z}

X(03(2) if1=10
ps(A71z) ifA#£0

xo@ =0

taa(z) =

{0} e panall syaadl 21 & Xy & &

5206 Giy Baop) 4 dygeanll dlly i AOB s gis s wAJB bl gaall sl 58 )
Ly

HaoB) (z) = 3)1(113 min{u, (x), up (¥)}
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(@) ={(xy) ;x—-y=2} &

GoshbaoB) Al dgsanll A et AOB Ll ds 2 0 AJB sl @il gl slaa &)
syl sac s

Huaor)(2) = ;1(11; min{u, (x), up(¥)}
4

o) ={(xy) ;xy=2} e

s Glazj% Sl Ads de }AB el sl 2l e A leall adall anal) dand x5l G

gl 2206 G iy ) &) By

Ka/p)(2) = ;1(11; min{u, (x), up(¥)}
Z

supp(B) 0 (b d(a) = {(xy) ;% =z} O &
[31 :(3-1-1) diaym

A(r) = [ai(r),a;(r)], B(r) = [bi(r),b2(r)] & Layity NER & Lty A,BEFR i
58 e Gl e Legie JSI (sgtnall (po pill e sane Lot

(A® B)(r) = A(r) ® B(r) = [a1(r) + b1 (1), az(r) + by (r)]
(A© B)(r) = A(r) © B(r) = [a1(r) = by (1), az (1) — by (1)]

if
AOMHM =10 AM) = {EZ%: jZf gﬁ : i i 8

(AOB)(r) = A(r) © B(r) = [minP(r), maxP(r)]
P(r) = {a1(r)by(r), ar (1) b, (r), a; (1) by (1), @z (r)ba (1)} &
(A/B)(r) = [minD(r), maxD(r)]; 0 & supp(B)
D(r) = {‘11 (r) ax(r) ai(r) ax(r) }
b1(r) " ba(r) " ba(r) by (r)’

:Jlia
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A =[1+713—-7],B(r)=[3+71,5—71]
o 2 T Bl G L
(A® B)(r) = A(r) ® B(r) = [4 + 21,8 — 2r]
(ADB) = (4,6,8) a Juaw,
(A© B)(r) = A(r) © B(r) = [-4 + 2r, —2r]
(ASB) = (-4,-2,0) 5s Ju,
40O A)T) =40 (A()) = [4 + 47,12 — 4]
(4A) = (4,8,12) ys Ju,
(AOB)() =AM OB@ =[1+r)B+7),B-(E~1)]

A(r)

(4/B)(r) = B - [A+7)/5=7),B-7r)/B+1)]

Lapall el ¥ Lagd akaidll (sine Y @lldy (iifia i Cpitiia cpaae L %,A@B P

(1.1)

[3] :(3-1-2) diaye

A(r) = [a(r),a,(r)], B(r) = [bi(r),by(r)] 5 NER i aysty, A, BEF (0
{08 e il e Lagto JU (gl (0 gl e sane Lop

ADB)DB+AKRADA=AD (-1).4 = {0}
[4]:(3-1-10) ciys
Xp e lolun GELDUALE [ A4 of Ji T € (@,0) Cun dyluca dad i s [ (a,0) = B o<1l

sl [ (o) €E i s 13
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. flxo+h) O fx)) f(x0) © f(xo — h)
(@) limpo4 A = limy_ o4 n
= f'(xo)
. f(x0+h)ef(xo)_ . f(xo) © f(xg — h)
(b) limp_o— . = limy,_,_ n
= f"(x0)

[4] :(3-1-1) Liaa

O<a<lew f(b) = [f(t,0), £(t,0) | Setsissn s e iy f:(a,0) 2 B o

Wy ayWl sl
0sSs ¥aie (3—1—10) caypall (@) Ul 6 LS Gaidl AL f el 1) -1
O}S-‘.J éw :’J-.’G.?(taa) I _f(t,()é)

£ =1, Fta]

Fta), f(ta) ossse (3—1—10) il (b) Al ;b LS GEDIALE f culs 1y -2

OsShy (a4l
F'@®=f'ta), f'(ta)]
[4] :(3-1-2) diaym

Saf () = [£(,00), F(£,0) ] 3oy o s i s f2(0,0) = F o
Ayl ey s <ol
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Cayell (b) Wl 8 L play 406 £ F cals 13 i(2) AUl b LS sy ALG F ) F cals 131

sy JE2Y 6 £ (6,0) F(60) o e (3-1-10)
£(t) = [ £"(t,0), £ (t,0) |

(b) sy s gy aus £ (b) i s L f aa (a) ) 8w gsy s f oy -2
sy a6 £ (6,0) £(,0) o e (3-1-10) Cagsll (2) Al i LS sy a6 {

PO

£'(t) = [£"(t,a), £ (t,0) ]

[3] :(3-1-11) iy

uE Ry, [u]* = [uo, U] ={z€R ,u(z) Za}; 0<a<lew
[u]® =cl{suppu} =cl{z € R, ,u(z) >0}

U (0, 1] o salie Jlad) o byains

Uy (0,1] o iailin Jladl (a Byaine

=0 e gl Geisdine Uy , Uy San

U S Uy, 0<a<l
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Adoalit ¥ abee Jag gkl o sl Gl lall QLY Jasatl Gl Cilat Gy Candl 138 3 o i

LS A e i e (ggian Y s A Al (e Al JBel 3 dyliia Bk

[5] :(3-2-1) Gy

fuve f(to™) # f(to )5 dasmse Hm f(2) , Hm f(2) culS 13 dplom dad il alls f o
t—t,*t t—rty~

o oo dakiia 3338 lgal

[51:(3-2-2) iy

€13 [0,00] e 5yt dplun dad il Ll QN e Jsis

53350 lim f(2) = f(07)

t— 0"

Jladll € e spaina [0, 0] Ll (e same axe Tae by, T, e, by Watic dakaiia 558

:[51(3-2-3) ciyss
OIS 13 B350 Ll s Ln Tase M a2 b s f ol

IfOI<M; t;<t<t;,,i=1,...... )
[4] :(3-2-1) &k

b 09 [ £ (x,00), F (x,00) | Sl Lels [8,00) Jladl e L e i3 o U3 £ oS0
b>a Jg [a,b] Judl e sl s AL ALE £ (x,00) , F(x,0) of pail, TE [0,1]

[P 1f@ldx < M(a) 5 ) 1F G a)ldx < M) ; b>a

s Jsall [8,00) Jladl) Lo bl layy JalSs a2l 316 £(X) ) ()58 de
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faoof(x)dx = (faoo]_‘(x, a)dx, faoof(x, a)dx)

Jadll e layy o5 JolSll L T dia el I Ginlaia ola 8(X) 5 F(X) s Ak,

;5% de I'= [a,00)

J,[f () @ g(0)]dx = [, f(x)dx @ [, g(x)dx

[5]:(3-2-4) ciypes

P, M >0 i bl o8 Al s f o

If@)| S Me™ .1, t=t),t,=0 s

ol D i g f o) Js e
[4] :(3-2-5) iy

Ll oSf () 5 Al 22 81 0S8N Gipny ol (O Jypn Nvie s Jalea

o

T
P& =Uf@)= [ e O fede=Jim [ e 0 forat

F(s,a) = l{f (t, )} = [I{f (t, )}, L{f (t, )}]
!

[0e]

lq@an=J fﬂez@@m=g$i;f“@£@@m

0
0<a<i1

o)

Kf(t,a)} = Jo e St O f(t,a)dt = 7{1_)72)]0 e St O f(t, a)dt

O<a<1
[6] :(1-2-6) iy x5
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AL ary f(E) Wl laal) (DY Jigas oIS 13

(0]

F(s) = I{f (D)} = f et O f(t)dt = Jim fo et © f(b)dt

0

f®=|Fta), fta)] :rel0,1]

Sall GOLY Jiat e
I{F@))y=f®),t=0
[51:(3-2-2) &iaje
t¥ive Gf €y, Co Sy (liiae dplum ded 3 ol fl g oS
Uea O f@®) B ez © g() = (c1 O U (1))) B (c2 O L(g(D))).
ol

U Of()) B, O©g)] = fooo ((c1 O (1) B (c; © g(t)) © e~ tdt
= [, Of®)Oetdt® [, (c; O g(t)) © e~ dt
=0 fooof(t) Qetdt®c, © fooog(t) O e Stdt
= (c, OUFOD D (c; O Ug®D

:4dh g
oSl f () e dglam i iy s [0,00[ 6 AER 1y
MO =XN[f®)]
[51:(3-2-3) Ay
e Aglan dad by i Al f(F) o
e © f(O] =F(s—a)
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[51:(3-2-4) Ay

o D i Lty 0,000 Jlaall e paivny dplouall el cldf Al sl 13)
F(Gs)=Il[ft)] —0,s— 00

[5] :(3-2-7) iy

A e Jsif 1 JKaIL € 13 b dlan A L)

/abf(t>dt= (/abfl(t)dt,/abfz (t)dt,/abf3 (t)dt)

:adaada

JRAIL A jed) Aylaall Al i3 A ol < f(8) = { i (1), £ (8), (1) ) o) e slaieW,
PJSL el GOLY Jisas iy (3-2-6)

W] =CIAOLLILOLLIA®])

Can L L SIS GO i

[7] :(3-2-8) (ol Calialy) Ciy s

t>0 umdgfd\f,g callall Ll oK)

t
(f * 9)() = jo (D) O g(t -1,
e U=t —T _al
fxg)@®) = fo f@Ogt—wdu=(g=*f)()

b aball N Lgiay ) L) aal

(c(fxg)=cfxg=fxcg, c b
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() f*(g*h) = (frg)h
(i) <)
[f * (g * IO
- fo f(2) ® (g * h)(t - T)d

f f(T)@(f_ g(x)@h(t—r—x)dx)dr
0 0

f (f - f(T) O glu—1) O h(t — T)dx> dr
0 0
[(f *9) * h](D),

[7] :(3-2-5) (boall caliany) 4y 0
KU frg e spain Bmale Lad i ills [0,00) 4l Lpe P
Kf+9 @) =I1[f]1Ollg]

sealdy)

HU (0O {(g®)}

<f e T O f(r)dr) O) <f eSO g(u)du)
0 0

_ j : < J T s £ O g(u)du> dt,
0 0

e dE=du , 6 T  Gat=T+u jag

_ foo (foo et O f(D) O g(t - T)dt) d.
0 T

Cplig(2) =0 @t <0 o g(t—7) =0 2 T <7 Jully
HU®} O {g®)}
_ f (f e-sth(T)@g(t—r)dt> dr
0 T
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fo fo e™9 O f(r) © gt —1)|dr

ol ot QS (455 sy
HU(®)} O {g®)}
_ f f et O f(2) O g(t — 1)drdt

_ fow (fote—st O f(@) @g(t—r)dr) dt

— j-oo e—stc)(ftf(r)@g(t—‘[)d‘[>dt
0 0
= {9 O}

s ol ip iy [0,00) Jadl o by dplun dad 3 Al f oS30 :[8] (3-2-7) Ak

[0,00) Jadl o Tk 5pdina Gl dad i Qs f/
e (@ ) Vall 8 LS GEdlalE focls 1y
I(f'(D) = sI(F(1) © £(0)
rdve(b) Wl 8 WS Gl AL f el 1y
L(f'(®) = (=f(0)) © (=sl(F (D)
dve(@ ) Al 8 WS gasiays f ) f ey
L[ (©) = s*l(F () © sf(0) © f'(0)

sdae (b) Al 8 LS @l Al 1 calsy (@) Alall b LS G a6 f cls 1)

1" () = =f'(0) © (=s)I(F (1)) © sf(0)
e (@) Al 8 WS Gasdl A6 7 el (h) Alad) b LS bl Al el 1y

[ () = =sf(0) © (=sHUf (D) © f'(0)

raie(h) Alal) b LS g ans f ) f7 calsy
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I(f"(®) = s*L(f(t) © sf(0) © f'(0)
el GO Jigad o Gl
e sad Y allg ALY JEY) @ld LGB Adyal (e Agdadd) Anlual) Alalinl) e slaal) (e pald £5i Ja
LAY A (e @b
s Aloalanl) Alabeal) Ll oSal

W) B ult) = [A]%t >0
u(0) = [B]% u'(0) = [C]*

Gun Aghaal) Laldll g bl ol GO Jigni 3GA, B, O Gy dpln 4k e e 3l
3. |

palal) GHBll (3-1-2) Akl Al Lalall ae odlef daleall luall (LY Jysan 23

(@) Vall LS Gadl alis o, w/ <l A Al

52 1(ug (1) © suq(0) © ug(0) + L(ug (1) = L([A])
tsle duant laall (DY Jisas 2l g

521 (ua (1) — s5ua(0) — ue (0) + Wug () = (4a),
Szl(ﬂa(t)) — SUy(0) — u, (0) + l(aa(t)) = l(/Ta)-

e demas i) Jally,

Ag SBy Cy
l t = — )
(E“()) s(sz+1)+52+1+52+1
A sB C,
[(Ug () = - - -

s(sz+1)+52+1+52+1'
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tde dand aall oluall (OLY Jisan 23l
Uy (t) = Ay (1 — cos(t)) + Bycos(t) + C,sin(t),
l,(t) = Ay(1 — cos(t)) + B,cos(t) + Cusin(t)
:(h) WAl 8 LS G ALl ) il (@ ) Al LS Gl alE g4 calS 13 AGa) Allad)

—ug(0) © (=sH)U(ua(t)) — sua(0) + L(ua (1)) = I([A]9)

—ﬁa(O) - (_Szl(aa(t))) - Sﬁa(O) + I(Ea(t)) = l(éa);
~1,(0) — (=52U(2e (1)) ) = 5ua(0) + L(Ha (£)) = L(A,)

tole Juans il Jall

Co ,S(Ba—4a) 5°C. s°B
_ Ay a a [24 _ 04 _ =
Z(Ea(t))_s(l_s4)+1_s4+ 1—s4 1—5s% 1-—s5s%

tele diand el bl GOy 33l

1, 1,1 - 1, 1 .1
Uy (t) = Aa<1—ze ——e ——cos(t))+Ca<——e +-—-e +—sm(t)>

4 2 4 4 2
_ _ 1, 1 .1 T, 1 .1
+(Ba—Aa)(—Z€ —Ze +§C05(t))—£a<—ze +Z€ —ESII’I(t)>
1, 1 .1
—Qa(—ze 7€ —Ecos(t)).
alie (84
_ _ 1, 1 .1 T, 1 .1
Uy (t) = Aa<1—ze —Ze —ECOS(t)>+£a(_Ze +Ze +§sm(t))
+(B A)(ltl‘t+1 t)5<1t+1‘t1't>
B, — A, 1€ 7€ 2cos() a\"7z€ tz€ 2sm()
E( 1, 1 _, 1 t)
a\"7¢ 7€ 2cos()

(@) AW LS GEU A g ol (D) Al b LS GE ALE g calS 1) A A
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—5u, (0) © (=) 1(ug (1)) © uy(0) + U(ug (1)) = L(A]%)

—Sl_la(()) - (_Szl(aa(t))) - l_ta(()) + l(ﬂa(t)) = l(éa),
—514,(0) — (=521(e (1)) = 0 (0) + L(Te (1)) = U(A),

e Joans diadl Jally,

A, Co  s(By—4) 5%, s°B,
l t)) =—— - -
(Ha()) 3(1—84)+1—S4+ 1 — g4 1—s% 1-—g5s%

tsle Jan el DY Jisas 23y

1, 1 .1 T, 1, 1
Uy (t) = Aa(l——e ——e ——cos(t))+ga<——e +-e +—sm(t)>

4 4 2 4 4 2
+(B A)(ltl‘t+1 t)5<1f+1‘f1't>
” « 4e 4e 2cos() . 4e 4e 2sm()
B ( 1, 1, 1 t)
B, 4e 4e 2cos() .
4lie J<h
_ _ 1, 1 .1 - 1, 1 .1
i, (t) = Aa(l—ze —7¢ —Ecos(t))+Ca<—Ze +Ze +§sm(t)>
+(8 A)( Lot Loyl (t)) C( St et 1'(t))
By —Aq 7€ ~ € 5 cos Cal—7e +7e > sin
B ( 1, 1, 1 (t))
2 5 €os .

(D) A LS BEadU AL g, u) calS 1) Aagl Al
s21(uq (1)) © suq(0) — uz (0) + 1(ug (1)) = L([A]%)
Oiblas e Jans

21 (g (8)) = sua(0) — ua(0) + (e () = 1(40),
s21(@a (1)) = s (0) — Ug(0) + 1(Ue (1)) = (Aq),
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sB C
l t a (04 a )
(e ))s(sz+1)+sz 152+

_ Ay SBg Co
l t)) = .
(@ (1)) s(sz+1)+sz+1+sz+1

ol Jant el GO Jisas 3y

Ug(t) = Ag(1 = cos(t)) + Bycos(t) + Cysin(t),
i, (t) = Ag(1 — cos(t)) + B,cos(t) + Cysin(t).

:Jla
Ay ALl Alsbeal Ll oS4
u”(t) @ u(t) = [0]%y(0) = [1]%,¥'(0) = [2]*

0] =[-14+a1—a][1]=[a,2—-a],[2]* =[1+a,3 —«a].

:Jaldl
t sy Al
U (t) = (=1 + a)(1 — cos(t)) + acos(t) + (1 + a)sin(t),
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weekly Generated in Finitely Generated Abelian Group

Haifaa Swies ! Dr. Eaman Al-Khouja? Dr. Adnan Al-Taybani 3

Abstract

In this paper, we introduced the concept of a weak generation of an
Abelian group, and showed that every a weakly generated subgroup by a
set X is indeed a generated subgroup by X, in addition to introducing the
notions of a weakly independent sets and weakly linearly independent sets
as a generalization of linear independent and independent set in Abelian
group, respectively, in addition to, we defined the concept of aweakly S —
independent set to study minimal weak generating set for certain Abelian
group, we proved that a minimal weakly generating set for an Abelian
group is weak generating set for this group that does not contain a proper
subset which weakly generates the group, while the convers does not
necessarily true, several further results concerning minimal weak
generating sets of Abelian group were also established.

Key Words: weekly generating set, weekly Independent set, weekly
linearly Independent set, week Basis, week Free Basis, weakly S —
independent set, minimal weak generating sets.

I'Graduate Student , Department of Mathematics Homs University
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