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1) ﬁ%’aa = X(r —sx)

@ 4 x(0)=0, W x(t,00)=0, te(~w,0)

@ x(0)=£, )”JJx(t,0,0):g, t & (—o0,00)

@ Y x(0) =0, -, WRH TR x= r ,
S S(1+ r— SX(O) e—rt)
sx(0)

a:

x(0) € (~o0,0), te(—oo,%ln(l—L)), limx(®=0, _lim  x()=—o

sx(0 Lt
( Hrlna SX(O))

b: x(0)e(0,r/s), te (—oo,+m), tIirp x(t) =0, tIim x(t)=r/s

c.
r

X(0) e(r/s,+x), te (%In(l—

,+00), lim  x(t)=40, limx(t)=r/s
SX(O)) ) t—%ln(l— r ) () t—>+0 ()

)
Mr>0, 5>0, x(0)>00, MAMKEAFH lim x(t.0,%,) :%

(2) fi#: JFFEZT AN x(t) = 0, x(t) =1, x(t) = 2

@© #x(0)=0, W x(t,0,0)=0

@ #7 x(0) =1, W) x(t,0,1) =1

® #7 x(0) = 2, I x(t,0,2) = 2

@ # x(0) = 01,2 I,

8) 10<x(0)<1 te(-oo4o), liMx(t)=0, limx(t)=1,

b) 1< x(0) <2, te (~0,+x), t“r_Tl x(t) =1, tIirDo X(t) =2,

c) MR



(%=1 2 % (%,
Xo(Xo _2)
te(-o,T), tILrLlO x(t) =2, !Lrp X(t) = +o0.

X(t)=1+\/1+ ez; . x(0)=x,>2, T=1In[ Uy - )2)j

(3) HFEMA R0, +1, -1o
@D # x(0) = -1, x(t,0,-1) = -1

@ # x(0) =0, x(t,0,0)=0

® # x(0) =1, x(t,01) =1

@ 7 x(0) # 0, + 11/,
a: H0<x(0)<1 te(-oo4w), limxt)=1 limx()=0,
b: %i-1<x(0) <0, te(-ooto0), limx(t)=0, limx(t)=-

c: fEJTRER, Y4
x(O):0>1 x(t)$iﬂi Ji R BE U A
1 1.1 (X('[)+1)(X 1) _

% x(t) 7! (x(t) D% +1)

|im(t+i— PETOLDIG )J 0
A x0T 2 O 21
fimt=—t L= 1, o+l 1
X X, 2 X+ 2 (X-1) X

(+D) 1 (%+) 1
i Fin (0_1)709%? i 3 in G-

(%+D) 1
PIT = 00,
FrUAT = 2I D) x —>0, limx(t)=+

te(-o,T), limx(t)=1

d: FIEEG, Hx(0)<-1, te(T,+0), !mT1 X(t) = —oo, tIim x(t) = -1,

2. fi#: %=a(t)x )((t) X(O)e‘[ a(s)ds
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(1) y=cx?, Zfirifase

> restart:with(DEtools):

ODE1l :=[diff(x(t),t)=-x(t), diff(y(t),t)=-2*y(t)];
DEplot( ODE1, [x(t),y(t)].t=-10..10,

[[x(0)=0,y(0)=5], [x(0)=0,y(0)=-5],

[x(0)=5,y(0)=2], [x(0)=5,y(0)=5], [x(0)=5,y(0)=-2], [x(0)=5,
y(0)=-5],

[x(0)=-5,y(0)=2], [x(0)=-5,y(0)=5], [x(0)=-5,y(0)=-2], [x(0)
=-5,y(0)=-511,

x=-5_..5,y=-5..5,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,

title="Phase portrait of the Linear System",
arrows=SLIM);

ODE1 := [gt X(t) = —x(t), aat y(t)=-2 y(t)}



Phase portrait of the Linear System

(2) y*=c+x*, FARE

restart:with(DEtools): a:=1:

ODE1l :=[diff(x(t),t)=-y(t), diff(y(t),t)=-2*x(t)"3];
DEplot( ODE1, [x(t),y(t)],t=-100..100,
[[x(0)=0,y(0)=as2], [x(0)=0,y(0)=-a/2],
[x(0)=a/2,y(0)=0], [x(0)=-a/2,y(0)=0],
[x(0)=a,y(0)=a], [x(0)=a,y(0)=-a],
[x(0)=-a,y(0)=a], [x(0)=-a,y(0)=-all,
X=-a..a,y=-a..a,stepsize=0.05, dirgrid=[21,21],
color=red, linecolor=blue,axes=BOXED,
title="Phase portrait of the Linear System",
arrows=SLIM);

ODEL :=| £ x(1) = (1) 5 ¥(1) =2 X(V)’]



Phase portrait of the Linear System

u?

0.5

—
—_
A in I A
R R i B P T 0 e

R

(3) y*=1-ce’?, T R
restart:with(DEtools): a:=1:
ODE1 :=[diff(x(t),)=y(t), diff(y(t),)=x(t)"3*(1+y(1)"2)];
DEplot( ODE1, [x(t),y(t)],t=-100..100,
[[x(0)=0,y(0)=a/8], [x(0)=0,y(0)=-a/8],
[x(0)=a/8,y(0)=0], [x(0)=-a/8,y(0)=0],
[x(0)=a,y(0)=a], [x(0)=a,y(0)=-a],
[x(0)=-a,y(0)=a], [x(0)=-a,y(0)=-all,
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);

ODEL:=| (1) =y(0), 5 y(1)=X(1)* (14 Y(1))



Fhase portrait of the Monlinear System

(4) y*=c+cosx, EfffaE

restart:with(DEtools): a:=1:

ODE1 :=[difF(x(t),t)=y(t), diff(y(t),t)=-sin(x(t))];

DEplot( ODE1, [x(t),y(t)],t=-100..100,
[[x(0)=0,y(0)=as8], [x(0)=0,y(0)=-a/2],
[x(0)=0.8%a,y(0)=0], [x(0)=a,y(0)=01],
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);

ODE1l = [gt X(t) = y(t), aaty(t) = —Sin(X(t))}



Fhase portrait of the Monlinear System
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S x =t -1+ 2e " AW R E ).
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0
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% 1+ x2(t-1)

lim [x(t)| = lim |x lim | |—=—|=
1+—+

t—>+o0 t—>+o00

i x(t)=0 EARER

5. WFH: 1) r>0IF, EE:rzsinl,limrzsin1=0
dt r o r
dr

mr=0K, —=0
dt

o opo o, L r=1, G=t+c B, HAMEIENS
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restart:with(DEtools): a:=1/100:
ODE1l :=[diff(xX(t),t)=-y(O)+x()*sqrt(x(t)"2+y(t)"2)*sin(1
/sqre(x(0)"2+y(t)"2)),
diff(y(t), =) +y () *sqrt(xX()"2+y(t)"2)*sin(1/sqgre(x(t
)"2+y (1)"2)) 15
DEplot( ODE1, [x(t),y(t)],t=-100..100,
[[x(0)=0,y(0)=as15], [x(0)=0,y(0)=a/2],
[x(0)=0,y(0)=as5], [x(0)=a,y(0)=01],
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);

ODE1 -[atx(t)——y(mx(t) X(1) + (1) sm(
ty(t) X(t) + y(t) /(1) + y(1)? m{

VXU)-+VU) j
g U)-+YU) ]}




Phase partrait of the Nonlinear aystem
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