4 x=0, x=3 X = 0fiffesE, X=3MAIE.
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1) a<0 fas,a>0 Afae

2) A

3) e

4 A>0, M, A<0, B
3.

1 WHERGE, Y = cx?

>restart:with(DEtools): a:=1/2:
DE931:=[diff(x(t),t)=-x(t),
diff(y(t),t)=-2*y()];

DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=0,y(0)=8*a], [x(0)=0,y(0)=-8*a],
[x(0)=8*a,y(0)=0], [x(0)=-8%a,y(0)=0],
[x(0)=8*a,y(0)=8*a], [x(0)=-8%a,y(0)=-8*a],
[x(0)=-8*a,y(0)=8*a], [x(0)=8%*a,y(0)=-8*a],
[x(0)=-4*a,y(0)=8*a], [x(0)=4*a,y(0)=8*a],
[x(0)=-4*a,y(0)=-8*a], [x(0)=4*a,y(0)=-8*a],
[x(0)=-8*a,y(0)=4*a], [x(0)=8*a,y(0)=4*a],
[x(0)=-8%a,y(0)=-4*a], [x(0)=8*a,y(0)=-4*a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);

DE931 := [gt X(t) =—x(t), gty(t) =-2 y(t)}
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2) ¥, y*=c-x*
>restart:with(DEtools): a:=1/2:
DE931:=[diff(x(t),t)=-y(1),
diff(y(t),t)=2*x(t)"3];
DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=0,y(0)=8*a], [x(0)=0,y(0)=7*a],
[x(0)=0,y(0)=6*a], [x(0)=0,y(0)=5*z],
[x(0)=0,y(0)=4*a], [x(0)=0,y(0)=3*a],
[x(0)=0,y(0)=2*a], [x(0)=0,y(0)=1*al],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,

dirgrid=[21,21], color=red, linecolor=blue,

arrows=SLIM);

DESS1 = £ (1) =y(1), 5 Y(1) = 2(1)




3) kg, y? :c+%cosx

restart:with(DEtools): a:=1/2:
DE931:=[diff(x(t),t)=y(1),
diff(y(t),)=-sin(x(t))];

DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=0,y(0)=8%a], [x(0)=0,y(0)=7*a],
[x(0)=0,y(0)=6*a], [x(0)=0,y(0)=5*a],
[x(0)=0,y(0)=-8*a], [x(0)=0,y(0)=-7*a],
[x(0)=0,y(0)=-6*a], [x(0)=0,y(0)=-5*a],
[x(0)=0,y(0)=4*a], [x(0)=0,y(0)=3*a], [x(0)=0,y(0)=-4*a],
[x(0)=0,y(0)=6*a], [x(0)=0,y(0)=5*a],
[x(0)=0,y(0)=2*a], [x(0)=0,y(0)=1*a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);

DE931 := [gt x(t) = y(t), gty(t) = —sin(x(t))}
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4) AR, 1+y2 =ceX’?

> restart:with(DEtools): a:=1/5:
DE931:=[difF(x(t),t)=y (1),

diff(y (1), )=x()"3*(1+y(t)"2)];
DEplot(DE931, [x(t),y(t)], t=-10..10,
[[x(0)=0,y(0)=8*a], [x(0)=0,y(0)=7*a],
[x(0)=0,y(0)=6*a], [x(0)=0,y(0)=5*a],
[x(0)=0,y(0)=-8*a], [x(0)=0,y(0)=-7*a],
[x(0)=0,y(0)=-6*a], [x(0)=0,y(0)=-5*a],
[x(0)=0,y(0)=4*a], [x(0)=0,y(0)=3*a],



[x(0)=0,y(0)=-4*a], [x(0)=0,y(0)=-2*a],
[x(0)=0,y(0)=-2*a], [x(0)=0,y(0)=-1*a],
[x(0)=0,y(0)=-0.4*a], [X(0)=0,y(0)=0.5*a],
[x(0)=0,y(0)=6*a], [x(0)=0,y(0)=5*a],
[x(0)=0,y(0)=2*a], [x(0)=0,y(0)=1*a]],
x=-8%*a..8%*a,y=-8%*a..8%*a, stepsize=0.05,
dirgrid=[21,21], color=red, linecolor=blue,
arrows=SLIM);

DE931 := {St x(t) = y(t), gty(t) =x(t)* (1 + y(t)z)}
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%: f(x)=f(0)+ f'(0)x+o(x)= f'(0)x+0(x), FriL&fEm
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b 2
0 C_ﬂ%ﬂﬁ—aXi—cy:ﬂ—{a+Qﬁ+ac

p=—(a+c) g=ac A=(a+c)’—4ac=(a-c)’
® q<0 e

A>0
@ p>0 g>0 { 0 FaoE gt sl e m At-1B 1 gk

A>0
p<0 q>0{; 0 AFE S sl ARE IR A -1B AL &E T

® p=0 g>0

m-A

n
9.1k H:

=(A+b)(A-m)+an=A* —mA+Dbi+an—-bm

p=(b-m)=0 gq=an-bm

o(ax + by) _ 0(mx+ny)

OX

g>0, p=0, m=DbHf =b=m

(ax +by)dx + (mx + ny)dy =0

HNEWMSTIRE, 2, #ib=m, Han-bm <O, (0, 0) K#is,
AR,
10.fi# : 9§=m-ﬂ:—W+mhy3ﬁﬁﬁﬁmw
dt dt
p=-m, q=k>0,

p=m, q=k>0, A=m’—4k, (0,0)&FT M4s ke E s

restart:with(DEtools): a:=4:k:=1: m:=1:

ODE1l :=[diff(x(t),t)=y(1),

diff(y (D), O)=-k*x(O)+m*y(t)-y(t)"3];

DEplot( ODE1, [x(t),y(t)],t=-100..100,
[[x(0)=0-1,y(0)=0.1],[Xx(0)=0,y(0)=0.8*a],
[x(0)=0,y(0)=-0.8*a], [x(0)=0.8*a,y(0)=-0.8*a],
[x(0)=-0.8*a,y(0)=0], [x(0)=0.8%*a,y(0)=0]],
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Nonlinear System",
arrows=SLIM);
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Phase portrait of the Nonlinear Systermn

B R e e ,.._. e

T T T T T

=l

k=5m=1

Phase portrait of the Nonlinear Systermn

k=1,m=3

Phase portrait of the Nonlinear Systermn

e e el al S

=

T T T T T

=l



k=3,m=3

FPhase portrait of the Manlinear System
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5,m=1/2

k=

FPhase portrait of the Manlinear System

1) % x=rcosd, y=rsind
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