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Electropolymerization of Poly-O-
toluidine and poly 2-nitroaniline Films as
a Conductive Layer and thermally stable

University of AL- Baath — College of Science
Iman Al-Hasoon
Prof. Seba Nassif

Abstract:

Poly-O-toluidine (POT) and poly 2-nitroaniline (PNO) were
deposited on the surface of the graphite electrode by
electrochemical polymerization. using ammonium perchlorate
as supporting electrolyte, 0.2M HCI. Current density
1.642x10-3A.cm has been applied. The electrode modified by
POT was characterized using FT-IR, UV-vis, DXR
spectroscopes, The electrode modified by PNO was
characterized using FT-IR, UV-vis and 1H-NMR
spectrometry. The Differential Scanning Calorimetry of the
prepared polymers were studied, it was found that both
polymers didn't melt at a temperature below 400°C. When
studying the electrical conductivity, it was found that the
conductivity of POT is greater than that of PNO.

Keywords: conductive polymers, electrochemical
polymerization, modified electrode, poly 2-nitroaniline, poly
O-toluidine,
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Abstract

A chemical study was conducted for two mosses Species of
Pleurocarpous  Bryopsida, = Rhynchostegium  murale  and
Eurhynchium praelongum, collected from Al-Haffah area in
Latakia. A 70% ethanol extract was prepared for the two Species
using the ultrasound-assisted method. Some secondary metabolites
were qualitatively detected, then the total content of carbohydrates,
proteins, phenols, flavonoids, some pigments, and antioxidant
activity were estimated. The qualitative detection of secundry
metabolites was different between the studied species, with a total
absence of glycosides in both extracts. The average concentration
of the total content of carbohydrates was 49.02 + 0.55 mg.g™ and

40.22 + 1.35 mg.g™, and the average concentration of the total
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content of proteins 4.28 + 0.08 mg.g™ and 5.1 + 0.05 mg.g™ for R.
murale and E. praelongum respectively. It was observed that E.
praelongum had a higher content in flavonoids and pigments when
compared to R. murale. The extract of E. praelongum also showed
a higher antioxidant activity than R. murale, reaching ICs, at 1.98
mg.ml™ concentration for E. praelongum, while it reached 3.08
mg.ml™ for R. murale. On the other side, primary and secondary
metabolites were positively correlated to each other, this gave a
supplementary nutritional value to the studied mosses in addition to

their pharmaceutical importance.

Key words: Mosses, Pleurocarpous, Qualitative  detection,
Antioxidants, Al-Haffah.
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Synthesis of New Complexes of the
Macrocyclic Ligand Tetra (Methel
Azometine)-Di Ethelen Hydrazide

M.H.Hasan*) , M.M.AL-Khuder**)

ABSTRACT:

The synthesise of a new ligand N, Tetra (Methel
Azometine)-Di ethelen hydrazide (TMADEH) was carried by
condensation of 1,2-Diacetylhydrazine with Ethylenediamine, to
getting ligand (TMADEH) .After proving the structure of the

bond using( FT-IR, UV-VIS, *H-NMR, **C-NMR, Elemental
analysis) techniques , its metal complexes for (Zr*", Mn** .Cd*")

were prepared and studied using (FT-IR, UV-VIS)
spectroscopy,electrical conductivity,metal ratio.

[Mn (TMADEH)CL,].2H,0, [Zr (TMADEH)CI, ]Cl, .2H,0

K [Cd (TMADEH) Cl;] /

Keywords: Macrocycling ligand, 1,2-Diacetylhydrazine,
Ethylenediamine

*) PhD student, Department of chemistry-Faculty of science-Al-
baath university Homs-Syria.

**) professor of inorganic chemistry, Department of chemistry-
Faculty of science-Al-baath university Homs-Syria.
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M=Mn(11), Fe(l1), Co(I1), Ni(I1), Cu(ll), Zn(I1), Cd(I1) and Hg(I1).
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The Apparatus and Instruments Used:
i (FT-IR) sheall can 2ail) ddldas jles @

Jasco — Infrared Spectrophotometer Fourier Transform spectrum
FT- IR - 4100 (KBr)

T £350S5 (Ssig ouhlinal gogll ukall ks Gl @

400 MHz

: (UV-ViS) ddpall 5 dunndid) (548 dad) duillae Jlea @
Jasco - (UV-Visible) Spectrophotomete

¢ Aadiial) duibiassl) 3)gal)

5 oLl sl a5l coupbaned) Jind A =2,1 Gsel Sl (i

e AU S saadl) a8 ¢ SO SN iaial

ise Sl wal oy die Sl (Jglie ¢ Jpliy) ) Aibide Dypme Cilniee
(S

. Sigma— Aldrich , Merck , BDH s, g ¢
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e delu sad Aty Jolaall dyis 3Sall clall slS (laea (e b 3o Capai—2
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.40°C
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dal) die delu 48 sadd Jelil mpd (ReflUX) Sipe e (gymi ALYl (e oLy
.78°C
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s e JCI e U g Lae 6V 35l

83



330 Gl AU (Ol Jifie )18 Al Aag pall Bayda Giltina g likaal

t oY) delally Gilul) g llaaY) e i

H3C CHs
H  H H, H, EtOH

C—N—N—oC + 2 H,N—C —C —NH;,
/ AN Refulc(48 h)
O O

1,2-Diacetylhydrazine ethane-1,2-diamine

CHj;
H?’C\ Hy Hp /

H,  Hy
C——N——-~C —C —N—/C

/ N

H3C CH,4

3,8,11,16-tetramethyl-1,2,4,7,9,10,12,15-octaazacyclohexadeca-3,7,11,15-tetraene
( TMADEH)
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comnl (sl Gy IS e L

A A dal A 2 Glye sae CALW J el alusg w8l couhll i =2

.(%54.687)

[Mn  2H,0= (TMADEH) dbiull aa Mn (1) jeiiall dire g Ukl il
:(TMADEH)CI, ]

L Alass & daiad) dhaiipdl 0 (0.140 g, 0.5 mmol) s (1

(15 Ml) & usSe dymas oanhline Gy 53530 (250MI) daw dacdl
cAdadiell Jal&I) Plas¥) Js Jgiline
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' g\mol) | ° °C | s | dsisa B | JDMF
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:(TMADEH) &agijall ¢)paal) ciad daiy) ddlaa 1Ll

( J<a) (TMADEH) dagiyall ¢ lpeal) cias &) Cina Gy PUA (e (a1
(3-b)  Js.all 1,2-Diacetylhydrazin J 3ds¥1 salal)l Cigda s 433 )lia s 3-2)

LY 5ol Cagha

syl 5a8lall aliaial) liae oLl Jaadl (3-C) JSall Cual AU 0 b
silbas cLiidly 1698 cm™ jalaidl vie s35a5e cuilS Jilly C=0 s <)
3353 5 pabaaial dic sasase cilS il NHp (se 853 33ad) (aliaia¥)
1597 cm™ 5 1636 cm™ sie alisial Jilae 5el 5 om™, 3281 cm™
alaial lac s ¢ ddlal) (€& e Jay Lee C=N 3yay by sile!

1506 cm sie (aboaial dliacs o(NH) 3ye) Llkia¥ 325le 3185 cm™tase
salaxile 1385 cm 'aie aliaid lacs o(C-N-H) by Llkia¥ sxile’
osed e Smd CH,  slsaile 1348 Cm™' sie (alisial 4lacs « CHy
saile (2925 Cm™" 3010 Cm™' )aie 528l Jimidie Galisicl Jilae

.(CH 5p°)de sane Lallaiay
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ihipall (UV-Vis)  dipally Zsaiidl (358 4x8Y) ddllae oyl
oo Ada aladiulyy (DMSO) anSsile die o cude 4 (TMADEH)
260 & ofisaly ohd ARl Bl Aapus ¢ 1CM e @iy 5K
Apg aSN) eV EN) ) g3 ol oSa (4) IS mas LS (NM,296nm)
(Amax =260nM) xie e 508l @3 A9 4adll Jig Cua dlagiall
Lis) oAby elial dam (T wH) gl Ge (SN JEY)
) e (amiad) sadll @ld Al Al W o (C=N) Gaa)) desens A 4l
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glols (C=N) Cuall) desend sile 4yl zlg)l o dhiall slgiaY
(NH) oaedl 535l 4 5
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Abs
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0.03
0.025
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0.005

0
200 220 240 260 280 300 320 340 360 380

Wavelengh (nm)
(TMADEH) &g yall (UV-Vishil) ik (4) J<a
tgpaind) Julal) 4085 aladialy (TMADEH)dkisell 49 aaad tla)y

Ltat dysunall ol pe Lilee Lgale Jgumnll 3l 4530
ddasiyal) A5y & Adal) @Al g paind) Judail) Jgaa (4) Jgaad

.TMADEH
4 C12H24N8/ o
Yobles dpudl) Yol kS Lyl
49.32 51.40 C oSl
8.11 8.62 H G goued
38.01 39.9 N <Y
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NH NH
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NH NH
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NH NH
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HaC CHs
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- 5sShall el b bl Gigan e Jay Las diadl)
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2H20

[Zr (TMADEH)CI,] siadll dpmuind) (58 5 dgiyall 4edY) Cipla 4 B2
sale A5 (A =260 NM) 2ie a8 AN (i 3505 (7) S Cly .2H,0
(C=N) & 45l Ly o dinall ¢l dafs (71 o 7 %) g aSlY) Jladl
JEDU sxile Ay (Apge = 290 NM Jaie ai Al 408 Ll o o
Gt Glo Bagase Ba Ag SN zlo)) asasl Aai (n o ) (S
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Abs

0.3
260 nm

0.25 290 nm

0.2
0.15

0.1

230 330 430 530 630 730 830 930
[Zr (TMADEH)CI,] Cl, .2H,0 sixdl (UV-Visbil) cah (7) Jsal
[Zr el sl oo CiaSly Ayl el ALY (Wl B LA
:(TMADEH)CI;] Cl, .2H,0
Aol aysd Jofine (53 e ladi iy daall A6l eSU A BUY sy Lidd <
DbV Gy 3aY) e 190 1§ (gslass ainall 388l CuilS Eum (DMF)
c e sl o e Jay 138y 2 . s daal) 4880
A0 Aaplall 38 jumad) dieall & KN siae e CalSH S o
s Jie (50 (e Aplie LaS e uaaall aeal) dixdll (e (0.01 @) Ja
s330all AQNO3 dzadll iy (4 (0.05g)  alazay U1 axy (DMF) 2]
Laadl ¢ elpaill ae g3V pana (re Lol sac Led) Ciliaally il e lally
Al BSI 8 il asas ey las ) S
el iyl sy g adeall Agdalall 5y<l) e Aglad) Al Aaly xodis

foadl) iy ABLaly g 3 S Ay s ) G (e kel Bac Adlaly
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ARl SLl 5,8 6 el spay e Ja Lea Gl coady JS8 aadlis
cdiaall 5y pliall ALl dpall -5 lileale

rclaal) (B el g ginall ayaat tlay))

Baf b Gun ne gl Al PR e Somal) daall S Garal) A Ay Gt
. 800°C 3)hall e Alle chlayn die Alal)

P SIS arall A laas aiall 2V 5559

V) (a0 1.5 Ml agl) Canals 25058530 dixe 0 0.0159 g &
2] Ll J<8 Canaty Aol 32415 800°C dspall s asegill 5 5 5Sl)
0.0033 g 435 (1S5 ZrO; assisS, 3l

ML PN [N FUE IVEN

100 x ZEZE < gy dn v
SB3)

91.244
549.441

16.60%= 5555 30 s yLal) 4 siall 4l
! o5 sS 3l Auleall 2y il Al v/

Zr 52 91.224 § 553 Zr0, e 123.2228 g JS

16.60 % =100 %

Zr = X g3 ZrO, = 0.0033g JS
X =0.0024 g

15.09 % = 100 x 2222 = sl b dulaal) JSl A il
0.0159 N 5

15.09 %=2 52 5S )W dlaall 4 siall duill
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sapall @llays sl golal dine g8 2505850 diaa o X5y 13as
[Zr (TMADEH)CI,] Cl, .2H,0

A g pmaall Siaall ALl ailadlly Al Lgdl Al e laldel

Sl Ay dllay bl wse siedly [Zr (TMADEH)CI,] Cl, -2H,0

055

HaC CHs
\ H, H; /
C—N——C —C —N——=C
NH NH
Cl Zr—Cl
Cly 2H,0
NH NH
H, Hp
C—N——C —C _N—C\
/ oty
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: Saihial) dhea Ay sLals

: &) Jelall 3[Mn (TMADEH)CI,].2H 0 uisiall siae g lilaal

HaC CHs
\ Hy Hy /
C—N—C —C —N=—C
NH NH MeOH [24]
N MnCl, '
Reflex
NH NH
H, H,
/C:N—C —C —N_—C\
H3C CHs
HsC CHs
\ Hy, Hy
C—N——0C —C —N——=C
NH NH
Cl——Mn—2Cl .2H20
NH NH
Hy H
/C—N—C —C —N—C\
Hol CH,
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: (UV-ViS , FT-IR) cililhae DA (e dajitall dieall iy Gy
:[IMn (TMADEH)CI,].2H,0 siaall &)l ciad daid) Ldldas : Yol

[Mn  Siedll chaall et 2dY) il (8)  JSA) B
all Ayl abh e alie PA (TMADEH)CILL].2H,0
il Jalaie¥) dlasl Lyl By &ua ¢ (3-a) J<all (TMADEH)

Ll ) ¢ Aagyall 5 (1636 cm™') el (e (C=N) il Lalsiay
- ysS3al adlsall 8 bl Cugaa e Jy Lee cdind) 3 (1628 cm)

( TMADEH) iasiyd) go MN?" iasall 058 sl 0b D5l (K G Laa

- (C=N) Oisas V) de sane G 53 hd DA G oy o oK

/>
C=N
1628 cm’!

N\ _ H,0 (Stretching)
3406 cm’!

200
WWareenumiber [cm-1]

[Mn (TMADEH)CI,].2H,0 sixall ¢ hpeall cuat 4259 Caida (8) J<all
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L L L
piataT] =000 2000 1000 400
wavenumber [em-1]

[Mn (TMADEH)CI,].2H;0 siaay ddaiall Gk ¢y disllaa (9) J<

[Mn Laall L Bl 9 g Aipall A YY) L dldaa (Ll
: (TMADEH)CI2].2H20

[Mn (TMADEH)CL,].2H,0  aixall dpuiial) (358 4a8Y) gl 3 Jaadls
JuED sdle a5 (Apay =260 NM) e a8 Y1 Gxiad 3525 (10) J<l
s A o(C=N) B Al gy o diadd) o )giaV Zagis (T > T %) S 5SY)
S AN JEd sxile a5 (Apgy = 324 NM )aie o )y 4B 2l o
dogane i e Bagase b Aig S 2l sagddam (n o )

o 28 3smg SY) Ramsall Y1 s cinlil (Al Gaeal) e (i V)
iagpl Alls i adde o Lea Al ¢ d-d JEY 53le (A0, = 464 nM)

- Aanall 3)lall lisd ae 2Ll A @lldg (4) J<a) (TMADEH) 35l
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0.45

04 260 nm

0.35

0.3 324 nm
0.25 464 nm

0.2
0.15
0.1

0.05

200 300 400 500 600 700 800 900 1000

[Mn (TMADEH)CI,].2H,0 sl (UV-Visbil) —ak (10) J<

[Mn Siaall jol<l oo CadSlly duily gl ALY (uld GG
:(TMADEH)CI,].2H,0
Ol e Julaas 4.5 ps ssld il . Al eSO ALY by Ll o
aal) BRI 8 G ) JSim o) 0 e S PR (e o
oy el Azl i Al @ @) es Al Sl i

AR wball 38 8 el sa e o Jay Les (and
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reainall 8 Saeal) g ginall yass clay))
12.5% g5t i€y Aglaill dysiall Al Gl 2 AL A8kl iy
11.45%: g5k iS5 dlanll 4y gial) dpasilly

[Mn  Gpall dllas gl golal diae o8 Suaiadl siae o X5 )
(TMADEH)CI,].2H,0
A 5 jumaall dieall Lal5all Gatladlly 8L Lgdl) Au) e Taldels

N3TS g’_a\.i} oy elly 9 alaal) ‘"su‘d.u Jazall g [Mn (TMADEH)Clz]ZHzo

HaC CHs

\ H, Hp
C——N——7C —C —N——=C
NH NH

Cl—Mn——U¢Cl
2H
NH NH 20
H, Hp
C—N—C —C —N—C\
HsC CHs
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tagadlsll Nina Ay ;G

: V) Jelil 33y [Cd (TMADEH) Cly] 252308 tins g libaal

HsC CHg
\ H> H> /
c|:—_N—c —cC —N—_c|3
NH NH MeOH [10]
+ Cdcl, —
Reflex
NH NH
| Hy H |
/C——N—C —cC —N_—C\
HsC CHs
HsC CHs
AN H>  Hs /
T:N—C —cC —N—(|:
NH \ / NH
| Cl——Cd——CcCl |
NH NH
| Hy Hy |
/C—N—C —cC —N—C\
HaC CHs

: (UV-VIS , FT-IR) cilildae A pe da il dieal) Ay Guslys caay

:[Cd (TMADEH) Cl,] Sixall ¢)peal) cuati daiy) Ldlaa : Yl

[Cd (TMADEH) Cl;] aieall ¢hpeall ciad dady) capla (11) IS 8 3y5
Cua ¢ (3-a) Jall (TMADEH) sl dhagijadl cada ae aiijlie Pla o
1636 ) 4l (o (C=N) ddaghll Lalliial Zaylil) (aliaial] dylas] ~ Ly Jaadl
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Sle Ju Les diaall 3 (1586 cm™') Legll Y dell U ¢ dbasyd) & (cm!
- bysSall adlgall b bl Gagas
( TMADEH) iagiyall g Cd 2" awall (51 3t 0l Sl (a0 o Laa

- (C=N) e V1 Ao sana cpmg i b3 DA e s o (S

//)»
(C=N)
40 1586 Cm’!
3|:| 1 L | 1
4000 3000 2000 1000 400

Warvenumber [em-1]

[Cd (TMADEH) Cly]aiaall ¢)yeall cia 22y il (1) J<al

an L
anoo 3000

L L
2000 1000
WWavenum ber [cm-1]

[Cd (TMADEH) Cl,] siaas iyl Cida (s disllaa (12) (<0

108



Lulaly) a glad) Aleabes daayl) daaly s
»adl) pbadaaa . GuaglaJue 2024 ale 11 222l 46 Alaal)

: [Cd (TMADEH) CI2] sirall doaudisl) 58 9 dgiyall i) Ldlas 1100

[Cd (TMADEH) aixall dmiid) (358 5 aiyall 2V cagda 8 12Dl
JED s8le a5 (Anax =256 NM) e a&i I (i 35a5 (13) JAICH,]
O (2 (C=N) (B4l L) o diaa) o5l dain (7T > 7 %) (g 58N

e ad Ally Al ) o

Sasddag (N oK) SN JE sxile a5 (A, = 300 Nm)
Canlii) Sy anall aa (s s Y] e gana Cmg St o Bagage Ba Ay S 21y
JuEY saile (Apa = 420 NM ) die A dsagy ¢ AeY) Lngall JIshY] sas
ALl (4) Ja) (TMADEH) ya) Lyl la b e 52 Lea L55li0d-d
- Al sylall gl ae bl Aags

Abs

0.09

256 nm
0.08

0.07 300 nm 420 nm
0.06
0.05
0.04
0.03
0.02

0.01

230 330 430 530 630 730 830 930

[Cd (TMADEH) Cl,] sixd (UV-Visbil) ci (13) J<ai
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[Cd (TMADEH) siaall jgl<l) oo CidiSlly duily gl ALl (uld (G
:Cl,]
O le Ju 1aag 75 s gkt cuil€ G Al eI AL by Lid o
La)all 580 4 pmnd Caly O Al S0 e KU DA ey
Gy eds Aadl) i Adla) & g (e ddlial Sl iy
Adalal) bl 38 A el e e e Jy Lee

relainal) 8 Saeal) g ginall yass clay))
24.24 % : g5l il Al Ay giall dpail) Ol 23 ABLl) Aiplall pudig
24.26 %: g5kt ilS 5 leall 4y giall dpasilly

[Cd  Gall dllas ool galal e 8 ClLKH Siae o X5 Nag
(TMADEH) Cly]

L) 7 el Caliinall L5800 Gailadlly 46U Ladal) ubal) e Talaiel,
!@aaj\

0929 Lf'w :*:Lu Aﬂl@d Jbaal) L_;m\i.m dax ) B [Cd (TMADEH) CIZ]
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HaC CHa
\ Hy Hy
C—N——7C —C —N—=C
NH NH
Cl—Cd——Cl
NH NH
H, Hp
C—N——C —C _N—C\
/

Bypanall Glsall (FT-IR) wibidal A daala) clilsidl :(5) Jgaadl

HsC

C N-H (C=N) C-N-H CHj; bend CH, bend
omp. s(cm™) | o(cm?) | s(Cm?) | s(Cm?) | s(Cm?)
1636
TMADEH 3185 1575 1506 1385 1348
[Zr (TMADEH)CI,] 1619
Cl,.2H,0 3208 1578 1509 1384 1348
[Mn (TMADEH)Cl,].2H,0 - 1628 1509 1384 1339
[Cd (TMADEH) Cl] 3151 1586 - 1348 1340
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8 panal) il pall Ay jally Lipadil) (368 claliaia¥) (6) Jgand)
Comp. TTDOT* | N> T* d-d
TMADEH 264 nm | 296 nm | ------

[Zr (TMADEH)CI,] CL.2H,0 | 260 nm | 290 nm

[Mn (TMADEH)CI>].2H20 | 260 nm 324 nm

[Cd (TMADEH) Cl3] 256 nm | 300 nm

el A Asall (g ginal)

Lt milis 1 (7) Jgaad)

Metal ratio

Comp.

Calculated %

(Found) %

Zr (TMADEH)CI2] CI2. .2H20 17.76 16.60
[Mn (TMADEH)CI2].2H20 125 11.45
[Cd (TMADEH) CI2] 24.24 24.26

: §yanal) clainall A0 gall il <) AU (uld il (8) Jgand)

Comp. A galldpily 44l A8
(Q*.Cm”mol™)
Zr (TMADEH)CI,] Cl, .2H,0 190
[Mn (TMADEH)CI,].2H20 4.5
[Cd (TMADEH) Cl;] 75
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gl 5
bl Al (el dise ) 1) agan ddla Aadipe g lidaal o5 (1
Ny baill (s (TMADEH) 338

caspaalSlly Saiially 050 sS)50 CligY Baa Cldiee EOG g Ll 5 (2

P NPT AP ' PN S PP [ W 5 [ W RIS\
it aseallly Saiial gaiee o cpa 8 el ADE clid)e<)
EREPES

dlhe PLa e paianall Clabaally iagpall o JS Al Cuyelil (4
U V-) Ll (38 2289 Ldldass (FT-IR) ¢ henl) caas da Y|
 Byandll Cldinall da i) jaall e \giils (Vis
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siloghaioll g8 silyaduilly iyl L4l i

5% daaa JalS 0 *F ule e Al *Folals g
o) daaly —aslall A8 — bl ) acd 8 (o558 ) Ll ciludy allle®

Gl daaly — aglall A0S —ciludalill acd B 538 dliud **
Eod) daaly — aglal) A8 —ciludaly ) acd B gisa *

toadlall
A A Sl ilaghaiall (gonall JLELNN Aus (A iy Hsn Geail) 4kl
A i) aslally cluiglly alall dabiaall sl 8 Lty
Lalal claghie (e Jim Gim bl o i) Uleal sagi sa Caadl Jaa
lyens sl Laglias) ey Al A5l Jalail) el & s W) Le cand) 2805 ) 2e)
sl o s vie Wil deje)
g e gl ) ey 8 Jiles L) Tl Lgizilie cog ) A5l Ll
) e el dila) die lia was o o8 Sy Y Al il @lld pa (Sl
cle U Ahall 5 A Sl cilashaial) o5l Jalial 4y il 1aa 8 asis
et o shaiall Ay LA (e 2aal) 4505 Gashaial) 6 Alalall il il
Ll Blas les (A L] A3kl

:dalida clalsl)

alsl) b all Cani ez yead) il (Apalalill JICEY) cigm i) saiel) (e
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Classification of Fixed Points
and Bifurcations in Two -Dimensional
Dynamical Systems

Abstract:

Bifurcations theory has a key role in the study of structural stability
of dynamical systems encountered in various branches of scientific
fields as humanities, engineering, social science, etc.

This research is an extension of our previous work on bifurcations.
As we move from one-dimensional to two—-dimensional systems,
we are still looking at those fixed points that can be created,
destroyed, or destabilized as parameters are varied.

The bifurcations of fixed points discussed previously have analogs
in two dimensions (and, in fact, in all dimensions). However it
turns out that nothing new really happens when you add more
dimensions.

In this research, we present a study of the equilibrium points of
nonlinear dynamic systems in general, and the bifurcations
occurring in the two-dimensional system by studying the
corresponding linear systems in the vicinity of the equilibrium

points.

Key words: Saddle-Node Bifurcation, Transcritical Bifurcation, Normal

Form, Pitchfork Bifurcation, nullclines.
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< -

t4adSa

Dbia) i ua (G (S Ange dad) Aalal Al cleLimd 6 Gaxill ()0

ol Alall clelizmd 6 Ll asl p Ll §f aydae IS8 elyaill e chluall apen
35y Saal (e i llaly aysliall 5T Jlae hlosall ()5S ¢ el ALy
cCpamall i3 Adadl) il ghatall A3l o2a & (il L Spalall gLl augl (3las
el dhal) e o shanall A5 Jalal) o 8 Lega g0 canli il
A8l Al ye laghaiall dalall (ailiadl) ls U adadall & WL JSY)
Golaal) Lileal 305 g Callil) adaall LA ladd) e glaially Libyea e ol cala!
Cilal) (8L aad) A3 ) sl Aala cilashie e Ji Cua il e

.[Kuznetsov 1997]les dlalall
tbAl) cilaghaiall ¢ 3leil) Jalds Ciniias —1
JE e Lesly cpamy cld adl) Ao shaiall Capas

X =ax +by

(1)

y =cx+dy

Cua X =AX hiadl JRUL dashaiall oda (iS5 .l a,b,c,d Cus

L Aaal) U jen S Caia’ Cangs ¢2x2 4dgiaall dalal) Al (s
Al Jal Hha A 8ylite Abghias Y )lsn Adal oa gyiall Jal) o
8iaall Aalaall daxi L (X, Y) simall & yat e Ll e X =AX
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¢ A=det(A)=ad —bc ¢ AP —TA+A=0 Al A dagadl

Lpally (A8 adll) Pl anyg 7 =trace(A) =a+d

_THNTZ—4A p) TP -4A
o2 T2

2“1
A=A)A=A) = —TA+A=0 &
:Aigal) A00A ABl o 3le) Jald g |l

3 4,>0, 2, <0 gans i gdés &gl da a0, A gldl @l 3 s -1

Al o lad da gl SLI chym s Ak (sl Ak eas: 4, <0, A, >0

Ll 488) ga g 5y Laatan) A0 ZasY) e Cieage (pic giia duladl) daglatall
eyad) 1y LAl Aol Aabge syfine e Al Callad) sl o 3all cold 251

(1 JSal) sl aal

S
P

Al Al — (1) g

(non stable 3iwe je saie Hilsal ddass ln exi: 4, >0, 4,>0 A -2
JSa 250 A olaily (yfign s O fine e (pfic sTie dashiiall 045 NOdE)

(2)
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inyg Stable  node 3 jiue 32z (el ddads eai: 4, <0, 4, <0 A -3
(3) JSEN Alad) o lcad da gl a4y ylal)

Oleaie ang of L) oaills plel Lias 4 =4, =4 435000 ol e :dals Al
b aaly 1 dsie aag of o 4 A0 Aal (plilie e Lol

iy e Jaa¥) A (g 8yle lagiins (e Byl lludl S 58 A2 0 S 1)
o4 A =0Lkxic .(4)Jil . (Star-node) duess sage Alall oey A5 ddaal)
GBilse A o Limil) (F sty 3 Lt dpns Jla Wl A4E Ll o Lo (gginsdl

@lic b £0 Cuna A:[i bj I e b gimal) @l Jlie chaym g 4l dadl
0 4

=2 . ((1,0),(0,0) o85) aaly 913 olaily anly dmny 13 o Liad 45 mall o2a
U A el . (degenerate—node) dllaia 3aiay Allal) o3¢y A3 dlaail)
> Foo Laxie S oDl 43550 hlusall (K praai Cus (5) JL4

/
y y
>
///
/ Z
X = 7_/_,/?" X
f/
/
a b
b jila e Baie -(2) JS&)
y y
-~ //
// T
X = X

b i B2c - (3) JSad)
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dpani Baac (4) Jsid)
Allatia aie (5) Jl)

(Center) 4y)S yay ylsall Adais eas: Ay, =%i f Ula 1daie 4004 408l
(Stable—Spiral) 38 wa Ayigila (Hlsill Adats 05 S5 A, =a*i f,a<0

«(non—Stable-Spiral) sytie ye digila o8 A, =ati fia>0 ke,

6 JSal Allallelind Al & Chlusall Glyso 2800 Aadll LA dall G

M‘)S)A:\.Las.!_a 'é)humw)j;_b )gﬂumj:\cul)l;_c

fpdie A A8l Jlay o Lnill dagl 6 JS&
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2024 als= 11 21l 46 Alaall L) aglad) Aleabes Caagl) daala Aaa
daaa JalS 3 ules dla2 Sals i

tAgbdl) cilaghiall ¢ jsill Jall st gilis
(1) ASaalipal) o glaiall 3l Ll s ldils g5 (7) abiall el

A AL (5S ASlaia L) Lely i A8 ) Gl (A <0 il 1)
S o(aadl) )LaY) et Lely diia Lal 4800 a8l ()l A>0 sl 1) L ia
ipglall 3daiy 77 —4A >0 adall dan (A e Aigila) Atic dlacl
(7<0 OsS Larie L7 ddads Agilalls aBall JhEu) a7 —4A <0
Lodie i Al Adaill ()8 illyg Al Ada oyl culd LAl ) 5%
aall s 22 —4A=0 A8 adadll BjEie e Aiglally alall xoai 70
il 1aa e dlatially dsandl) aBall (aad Gy g lally adall Gy Jaldl)
L0 i) Com o7 =0 Jualill anl) e Lada s iall 381l o8 LS L 8lS4)

.[Strogatz 2015] ai~y 4alan

T ............... T2—4A=0

Bydimo pe digjl>
a yw blds

dgino pe @il blaj

G5l el Caviat (7 JSAY)
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Shlls Apia s BN 4@l e JEY) e saaly dad Gli cA=0 culS 1)
LI e Jel€ Jad aags o Lo sl odgns g imn yue dili ddaty Jual) ()5
Lbal o (7) JSil mozagy - A =0 uslS 1 A5l Lalall e (gsiame o AU
o caand Al Al Llall Al o)) b g lalls adally Gyl A
Lalailly Allariall adally agailly 5Shall Wl . (A7) ssimsall (e 850 dagite (3halia
i) 8 Glgaiall Jyda e Ginad dnga cVla oo Ughed) e 45,0
ALY A palall cilaghiiall 8 Jld J<8 5Shall Gt (A7)

.[Pomeau 1980] 4dlall e dlailsall

rulsag saagy daghiia :1-1 Jtia

w@bmqﬁ‘M\aMwM@uﬁ‘wpeﬂﬁ”
sas) il Levie (Lo LiaY )y g el (8 Cuadon By Gl ¢ gaag ) Lgaad
Ga A R (1) oS aape IS ale )stad) 8 Cadon 1o caalyiys BalaY
S o Gl a s J(t) Wt Bl 8 ol saeg) oS (o s
PR I PRPNEN | 5 B RV ENPON N 1| T8 gt A - SV S LT PN
. [Strogatz 1988] Gliall cuall Lk 2 Zulall e Gaglaiall s .2alS)
R =aR+bJ
J'=bR +al
(DAY o 4l ooy criad sl pgie JS) @ 3all Gl .a<0,b >0 Cua

(AN i Lugia anls ) Baiad] Gibiia b
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A=(§ b] JSL A slaiall 438 pall 38 ghamnall S5
a

sl .= +1,=2a<0,A=.4,=a"-b? 7 —4A=4b" >0 laid,
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