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F1@x0_, y0_, t2_D :=
ParametricPlot@Evaluate@8x@tD, y@tD< ê. NDSolve@8x'@tD ã y@tD, x@0D ã x0,

y'@tD ã -a y@tD + b x@tD - Abs@x@tDDp-1  x@tD, y@0D ã y0<, 8x, y<, 8t, 0, t2<DD,8t, 0, t2<, PlotRange Ø All, Ticks Ø None, DisplayFunction -> IdentityD;
F1a@e_, t2_D := F1Ae, kp e,

t2
ÅÅÅÅÅÅÅ
e

E;
P1 = F1a@0.0001, 0.01D;
P2 = F1@0, 2, 10D;
P3 = F1@0, 3.66829365872, 25D;
L@k_, xm_, xM_D := ParametricPlot@8x, k * x<, 8x, -xm, xM<,

PlotRange Ø All, Ticks Ø None, DisplayFunction -> IdentityD;
L1 = L@kp, 0.2, 1D;
L2 = L@km, 0.2, 1D;
Show@8L1, L2, P1, P2, P3<, DisplayFunction -> $DisplayFunctionD;
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Figure 2
F2@x0_, y0_, z0_, T_, c_D :=
Evaluate@8x@TD, y@TD, cê 2< ê. NDSolve@8x£@tD == y@tD, x@0D == x0,

y£@tD == -a y@tD + b x@tD - Abs@x@tDDp-1 x@tD - z@tD x@tD, y@0D == y0,
z£@tD == 2 z@tD, z@0D == z0<, 8x, y, z<, 8t, 0, T<DDP1T

F2a@e_, l_, t_D := ModuleA9P = F2Ae t, kp e t, e,
1
ÅÅÅÅ
2
LogA l

ÅÅÅÅ
e
E, lE=, PE

F4@e_, T_D :=

ModuleA9P = EvaluateA8x@TD, y@TD, z@TD< ê. NDSolveA9x'@tD ã y@tD, x@0D ã b
1

ÅÅÅÅÅÅÅÅÅp-1 ,

y'@tD ã -a y@tD + b x@tD - Abs@x@tDDp-1  x@tD - z@tD x@tD, y@0D ã 0,
z'@tD ã 2 z@tD, z@0D ã e=, 8x, y, z<, 8t, 0, T<EE@@1DD=, PE

Q = ParametricPlot3D@F2a@0.0001, l, tD, 8l, 0.1, 5<, 8t, 0, 500<, PlotRange Ø880, Automatic<, Automatic, Automatic<, Ticks Ø None, PlotPoints Ø 830, 50<,
LightSources Ø 8881, 0, 0.5<, GrayLevel@1D<<, DisplayFunction Ø IdentityD;

UnsP = ParametricPlot3D@F4@0.01, tD, 8t, 0.1, 2.93<, Ticks Ø None,
DisplayFunction Ø IdentityD; LineP@A_, B_D :=
ParametricPlot3D@t A + H1 - tL B, 8t, 0, 1<, Ticks Ø None, DisplayFunction Ø IdentityD
L1 = LineP@80, 0, 0<, 82.3, 0, 0<D;
L3 = LineP@80, 0, 0<, 80, 0, 3<D;
Show@Q, UnsP, L1, L3 , ViewPoint Ø 80.8, -0.7, 0.9<, DisplayFunction Ø $DisplayFunctionD;

Figure 3
F3@x0_, y0_, z0_, T_D := Evaluate@8x@TD, y@TD< ê. NDSolve@8x'@tD ã y@tD, x@0D ã x0, y'@tD ã -a y@tD + b x@tD - Abs@x@tDDp-1  x@tD - z@tD x@tD,

y@0D ã y0, z'@tD ã 2 z@tD, z@0D ã z0<, 8x, y, z<, 8t, 0, T<DD@@1DD
F3a@e_, l_, t_D := ModuleA9P = F3Ae t, kp e t, e,
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F3b@e_, l_D := ModuleA9P = F4Ae,
1
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EE=, 8P@@1DD, P@@2DD<E
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Show@P1, DisplayFunction -> $DisplayFunctionD;

Show@ParametricPlot@F3a@0.00000001, 5, tD, 8t, 0, 1000000<,
PlotRange Ø All, Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD,
Graphics@8PointSize@0.02D, Point@F3b@0.01, 5DD<D,
DisplayFunction -> $DisplayFunctionD;

zstar = 0.01* Exp@2 tD ê. FindRoot@F4@0.01, tD@@1DD, 8t, 3, 3.5<D
Show@ParametricPlot@F3a@0.00000001, zstar, tD, 8t, 0, 1000000<,

PlotRange Ø All, Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD,
Graphics@8PointSize@0.02D, Point@F3b@0.01, zstarDD<D,
DisplayFunction -> $DisplayFunctionD;

12.0675
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Show@ParametricPlot@F3a@0.00000001, 20, tD, 8t, 0, 1000000<,
PlotRange Ø All, Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD,
Graphics@8PointSize@0.02D, Point@F3b@0.01, 20DD<D,
DisplayFunction -> $DisplayFunctionD;

Figure 4

F4a@e_, l_, t_D := ModuleA9P = F3Ae t, kp e t, e,
1
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e
EE=, 8P@@1DD, P@@2DD, Log@1 + lD<E

UnsP = ParametricPlot3D@8F4@0.01, tD@@1DD, F4@0.01, tD@@2DD, Log@1 + F4@0.01, tD@@3DDD<,8t, 0.01, 4<, Ticks Ø None, DisplayFunction Ø IdentityD;
A1 = ParametricPlot3D@F4a@0.00000001, 0.1, tD, 8t, 0, 1000000<, PlotRange Ø All,

Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD;
A2 = ParametricPlot3D@F4a@0.00000001, 4, tD, 8t, 0, 10000<, PlotRange Ø All,

Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD;
A3 = ParametricPlot3D@F4a@0.00000001, 8, tD, 8t, 0, 10000<, PlotRange Ø All,

Ticks Ø None, PlotPoints Ø 300, DisplayFunction Ø IdentityD;
LV = LineP@80, 0, 0<, 80, 0, 3<D;
L0 = LineP@80, 0, 0<, 82.3, 0, 0<D;
LH1 = LineP@80, -2, 0<, 80, 2, 0<D;
LH2 = LineP@80, -1.5, Log@1 + 4D<, 80, 1, Log@1 + 4D<D;
LH3 = LineP@80, -1, Log@1 + 8D<, 80, 1, Log@1 + 8D<D;
Show@LV, L0, LH1, LH2, LH3, UnsP, A1, A2, A3,
DisplayFunction -> $DisplayFunction, ViewPoint Ø 80.5, -1.1, 0.2<D;
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Figure 5
FL@a_, rmax_, eta_, d_, e_D :=
Module@8G = FindRoot@u@xD ã 0, 8x, 2 * eta, 3.2<D ê. NDSolve@8-v'@rD - Hd - 1L v@rDê r ã

u@rD + HAbs@u@rDDL^He - 1L u@rD, u'@rD == v@rD, u@etaD ã a - eta^2 Ha + a^eL êH2 dL,
v@etaD ã -eta Ha + a^eLê d<, 8u, v<, 8r, eta, rmax<D<,8x^2, Log@x^H2êHe - 1LL a + 1D< ê. G@@1DDD

Off@ParametricPlot::"ppcom"D
Off@FindRoot::"frnum"D
Show@ParametricPlot@FL@Exp@aD, 10, 0.0001, 5, 7 ê 3 + 0.3D, 8a, Log@0.001D, Log@200000D<,

PlotRange Ø All, AxesLabel Ø None, DisplayFunction -> IdentityD,
DisplayFunction -> $DisplayFunction, Ticks Ø NoneD;

Figure 6 : Valeur asymptotique de l

PR@d_, q_, z0_, T_D := ModuleA9M = 8 + 0.5* Log@z0D, a = d - 2 -
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y{zzz=,
ParametricPlotAEvaluateA8Log@z@tDD, x@tD< ê. NDSolveA9x'@tD ã y@tD,

x@0D ã b
1

ÅÅÅÅÅÅÅÅÅq-1 , y'@tD ã -a y@tD + Hb - z@tDL x@tD - Abs@x@tDDq-1  x@tD, y@0D ã 0,
z£@tD == 2 z@tD, z@0D == z0=, 8x, y, z<, 8t, 0, M<EE, 8t, 0, M<, Ticks Ø TEE

PR@5, 7 ê 3 + 0.3, 0.01, NoneD;
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R@d_, q_, z0_D := ModuleA9M = 8 + 0.5* Log@z0D, a = d - 2 -
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y{zzz=, FindRootAEvaluateAx@sD ê. NDSolveA
9x'@tD ã y@tD, x@0D ã b

1
ÅÅÅÅÅÅÅÅÅq-1 , y'@tD ã -a y@tD + Hb - z@tDL x@tD - Abs@x@tDDq-1  x@tD,

y@0D ã 0, z£@tD == 2 z@tD, z@0D == z0=, 8x, y, z<, 8t, 0, M<EE, 8s, 3.5<EE
R@
5,
7 ê
3 +
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8s Ø 3.5478<
Crit@d_, q_, z0_D := ModuleA9M = 8 + 0.5* Log@z0D, a = d - 2 -
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y{zzz=, z0* Exp@2 s ê. R@d, q, z0DDE
Crit@5, 7 ê 3 + 0.3, 0.01D
G@d_, u_D := ModuleA9F = EvaluateACritAd, d + 2

ÅÅÅÅÅÅÅÅÅÅÅÅ
d - 2

+ u, 0.01EE=, FE
Plot@G@5, uD, 8u, 0.01, 10<D;
12.0665
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