
zeil`ivpxtic ze`eeyn ly zekxrn
(t el `xwp)cg` ielz izla dpzyn didi oiicr .zipnf ea x"cn dnk jxhvp minrtl
zix`pil `weec e`l zkxrn .(y1 (t) , y2 (t) k"ca)ea miielzy mipzyn xzei eidi ia`

zi`xp

x1 (t) = x′
1 = f1 (t, x)

`id zix`pil x"cn zkxrn

~y′ (t) = A (t) · ~y (t) +~b (t)

:xy`k

.`evnl jixv eze` mlrpd ~y (t) =

y1 (t)
.
.
.

yn (t)

 •

.t ly zeivwpet diaikxy dvixhn A (t) =

a11 (t) · · · a1n (t)
.
.
.

. . .
.
.
.

an1 (t) · · · ann (t)

 •

.t ly zeivwpet eiaikxy xehwe ~b (t) =

b1 (t)
.
.
.

bn (t)

 •

.zipbened zkxrndy xn`p ~b = 0 mr

dnbecl

{
x′ (t) = −y (t) = 0x− 1y
y′ (t) = x (t) = 1x+ 0y

zipeivixhn dxeva(
x
y

)′

=

(
0 −1
1 0

)(
x
y

)

dpey`xd d`eeynd z` xefbp

x′′ = −y′ = − (x)

x′′ + x = 0
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zipiite` .n

m2 = −1

m1,2 = ±i

x (t) = C1 cos t+ C2 sin t

dpey`xd d`eeyndn

y = −x′ = − (−C1 sin t+ C2 cos t) = C1 sin t− C2 cos t

`ed oexztd(
x (t)
y (t)

)
=

(
C1 cos t+ C2 sin t
C1 sin t− C2 cos t

)
= C1

(
cos t
sin t

)
+ C2

(
sin t

− cos t

)

ztqep dnbec

∗
{

y′1 = y1
y′2 = 2y2

~y =

(
y1 (t)
y2 (t)

)
(
y1
y2

)′

=

(
1 0
0 2

)(
y1
y2

)

∗
{

y1 = C1e
t

y2 = C2e
2t

(
y1
y2

)
=

(
C1e

t

C2e
2t

)
= C1

(
1
0

)
et + C2

(
0
1

)
e2t

ddeab ikd zxfbpd)oey`x xcqn zipbened zix`pil x"cn xeztl icka illk ote`a
zgwle ~y1, ...~yn l"za zepexzt n `evnl epilr zeivwpet n ly (dpey`x zxfbp `id

(n× n)dvixhnd .(C1~y1 + C2~y2 + ...+ Cn~yn) mdly ix`pil sexiv

Y =

 ↑ ↑ ↑
~y1 · · · ~yn
↓ ↓ ↓


.(dcigi `l `id j`)ziceqi dvixhn z`xwp

.ziceqi dvixhn `id Y =

(
cos t sin t
sin t − cos t

)
dpey`xd dvixhnd xear lynl
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m` .W = det (Y ) lr lkzqdl `id ~y1, ...~yn oia zix`pil zelz wecal daeh jxc
.l"z md W = 0 zxg` ,l"za zepexztd W 6= 0

!l"za eplaiw - det (Y ) = − cos2 t− sin2 t = −1 6= 0 eply dxwna

(iwqvxbexhqe` liaeil)liaeil z`gqep
xaecnd megza t, t0 lkl

det (Y (t)) = det (Y (t0)) e
´ t
t0

tr(A(ξ))dξ

.mixg` zepexzt n− 1 mireci m` cg` oexzt `evnl ozip dzxfra

dgqepa yeniyl dnbec

.~yp =

(
1
t

)
y jka xfrd .t ∈ (0,∞) megza ~y′ =

 1 −
1

t
1 + t −1

 ~y zkxrnd z` xezt

?ihxt oexzt ~yp dnl

~y′p =

(
0
1

)  1 −
1

t
1 + t −1

(1
t

)
=

(
0
1

)

oexzt

.Y =

(
y1 (t) 1
y2 (t) t

)
ziceqi dvixhn dqpap .l"za zkxrnd ly sqep oexzt y2 (t) ,y1 (t) idi

eply dxwna

A (ξ) =

 1 −
1

ξ
1 + ξ −1


tr (A (ξ)) = 0 = 1− 1

xne` liaeil t ∈ (0,∞) lkl if` ,reaw t0 ∈ (0,∞) gwip

det [Y (t)] = det [Y (t0)] e
´ t
t0

0dξ

t · y1 (t)− y2 (t) = det [Y (t0)] = C1

(ta ielz `l C1)(
y1
y1

)
=

 1 −
1

t
1 + t −1

(y1
y2

)
zkxrnd itl

y′1 (t) = y1 (t)−
y2 (t)

t
=

t− y0 (t)− y2 (t)

t
=

L1

t
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y′1 (t) =
C1

t

y1 (t) = C1 ln |t|+ C2 = C1 ln t+ C2

(iaeig t ∈ (0,∞) ik)

y2 (t)

t
= y1 (t)− y′1 (t) = C1 ln t+ C2 −

C1

t

y1 (t)

t
= C1 ln t+ C2 −

C1

t

y1 (t) = C1t ln t+ C2t− C1(
C1 ln t+ C2

C1t ln t+ C2t− C1

)
oexzt eplaiw

.

(
1
t

)
mr l"za `eday

(
ln t

t ln t− 1

)
ihxt oexzt lawpe

{
C1 = 1
C2 = 0

gwip

:zkxrnd ly illkd oexztd .Y =

(
ln t 1

t ln t− 1 t

)
eplaiwy ziceqid dvixhnd

~y = C1

(
1
t

)
+ C2

(
ln t

t ln t− 1

)

cx`wit zeivxhi`

yi

{
y′ = F (t, y)
y (t0) = y0

iyew ziiraly gihany zecigide meiwd htyn cnlp d`vxda

.ya uiytil i`pz z` zniiwne dtivx fy i`pza ,(zinewn)cigi oexzt{
ϕ0 (t) = y0

ϕn+1 (t) = y0 +
´ t
t0
F (s, ϕn (s)) ds

:oexztl zeqpkzny zeivwpet ly dxcq epipa dgkeda

dnbec
wiecnd oexztd z` ygpl dqpe 3 xcq cr miaexiwd z` cx`wit iaexiw zxfra xezt{

y′ (t) = y (t) = F (t, y (t))
y (0) = 1
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oexzt

.(uiytil i`pz z` zniiwn hxta)zxcdp divwpet idefy F (t, y) = y df dxwna
`ed izlgzdd aexiwd

n = 0 ∀tϕ0 (t) = 1 (= y0)

ϕ1 (t) = y0 +

ˆ t

t0

F (s, ϕ0 (s)) ds = 1 +

ˆ t

0

F (s, 1) ds

= 1 +

ˆ t

0

1ds = 1 + s|t0 = 1 + t

ϕ2 (t) = y0 +

ˆ t

t0

F (s, ϕ1 (s)) ds = 1 +

ˆ t

0

F (s, 1 + s) ds

= 1 +

ˆ t

0

(1 + s) ds = 1 + s+
s2

2

∣∣∣∣∣
t

0

= 1 + t+ t2

ϕ3 (t) = 1+

ˆ t

0

F (s, ϕ2 (s)) ds = 1+

ˆ t

0

(
1 + s+

s2

2

)
ds = ... = 1 + t+

t2

2!
+

t3

3!

divwecpi`a ze`xdl xyt`

ϕn (t) = 1 + t+
t2

2!
+ ...+

tn

n!
=

n∑
k=0

tn

n!

⇒ lim
n→∞

ϕn (t) = lim
n→∞

n∑
k=0

tk

n!
=

n∑
k=0

tk

k!
= et

(minrtl)ziyeniy zixnep dhiy idef

deab xcqn x"cn oial x"cn oia xywd
ly dxevl `iadl ozip y(n) = F

(
t, y, y′, ...y(n−1)

)
dxeva deab xcqn x"cn lk

:xk = y(k−1), k ∈ N zeavdd i"r zkxrn

x1 = y(0) = y

x2 = y′

x3 = y′′

.

.

.

xn = y(n−1)
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f`e

x′
1 = y′ = x2

x′
2 = (y′)

′
= y′′ = x3

.

.

.

x′
n−1 =

(
y(n−2)

)′
= y(n−1) = xn

x′
n =

(
y(n−1)

)′
= y(n) = F (t, x1, x2, ...xn)

dnbecl

2y′′ = −5y′ + y = 0

y′′ = −
1

2
y +

5

2
y′

oexzt

aivp{
x1 = y
x2 = y′

⇓

 x′
1 = y′ = x2

x′
2 = y′′ = −

1

2
y +

5

2
y′ = −

1

2
x1 +

5

2
x2

.x"cn ly zkxrn efe

(
x1

x2

)′

=

 0 1

−
1

2

5

2

(x1

x2

)
:zipeivixhn dxeva
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