
siy .'b 'text ,88-240 zelibx zeil`ivpxt
 ze`eeynzepexzt - a"ryz ,'` xhqnq ,'` 
ren.ivge miizry :ogand onf.xfr xneg lkae qik aygna ynzydl xzen.ze
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(1 + x2)y′ + 3xy = 6x (i
xy′ = y +

√
x2 − y2 (ii

x ly mikxrd z` `evnl yi oexzt lk xeare ,illkd oexztd z` `evnl yi d`eeyn lkl.x
ben oexztd mxear!d
ixtl dpzip mbe zix`pil d`eeyn (`)
y′ =

3x(2− y)

1 + x2
⇒

∫

dy

2− y
=

∫

3xdx

1 + x2
⇒ − ln(2− y) =

3

2
ln(1 + x2) + Ce`

y = 2− A

(1 + x2)3/2.A ly jxrd edn aeyg `l ,x lkl x
ben .reaw `ed A xy`kyxe
l yi .y = zx aivp .zipbened d`eeyn df (a)
z′x+ z = z +

√
1− z2 okle

dx

x
=

dz√
1− z2

⇒ ln |x| = sin−1 z + C e`
z = sin (ln |x| − C) e`
y = x sin (ln |x| − C).0 -l ribn `l x 
er lk x
ben df oexztdirad ly oexztdy gked ,min
wn ziiv`ixee i
i lr .2

x′′ + 2x′ + 2x = f(t) , x(0) = 1 , x′(0) = 0 `ed
x(t) =

∫ t

0
et

′
−t sin(t− t′)f(t′)dt′ + e−t(cos(t) + sin(t))



dpezp x(t) oexztd ly X(s) qltld zxnzdy gked ,d`eeynd ly qltld zxnzd i
i lri
i lr
X(s) =

F (s) + s+ 2

s2 + 2s+ 2ziktedd qltl zxnzd iabl wiqdl ozip dn .f(t) ly qltld zxnzd `id F (s) xy`kly
?

F (s)

s2 + 2s+ 2illkd oexztd okle λ = −1 ± i zepexzt mr λ2 + 2λ + 2 = 0 `id zpiit`nd d`eeynd`id zipbenedd d`eeynd ly
e−t (C1 cos t + C2 sin t)`id ipbened-i`d ly illkd oexztd ,min
wn ziiv`ixee ly oexwr itl
C1(t)y1(t) + C2(t)y2(t)-e y2 = e−t sin t ,y1 = e−t cos t xy`k
y1C

′

1 + y2C
′

2 = 0

y′1C
′

1 + y′2C
′

2 = f(t)xgap okle y′(0) = −C1(0) + C2(0) -e y(0) = C1(0) miiwn df oexzty al miyl yimiihx
phqd miaeygd i
i lr .C1(0) = C2(0) = 1

C ′

1 = − y2f

y1y
′

2 − y2y
′

1

, C ′

2 =
y1f

y1y
′

2 − y2y
′

1 okle
C1 = 1−

∫ t

0

y2(t
′)f(t′)

y1(t′)y′2(t
′)− y2(t′)y′1(t

′)
dt′ , C ′

2 = 1+
∫ t

0

y1(t
′)f(t′)

y1(t′)y′2(t
′)− y2(t′)y′1(t

′)
dt′ .epl yi 
gia

y(t) = y1(t) + y2(t) +
∫ t

0

(y1(t
′)y2(t)− y2(t

′)y1(t)) f(t
′)

y1(t′)y′2(t
′)− y2(t′)y′1(t

′)
dt′

= e−t(cos(t) + sin(t)) +
∫ t

0

e−t−t′ (cos t′ sin t− sin t′ cos t) f(t′)

e−2t′
dt′

= e−t(cos(t) + sin(t)) +
∫ t

0
et

′
−t sin(t− t′)f(t′)dt′milawn d`eeynd ly qltl zxnzd migwel m`

s2X − s+ 2(sX − 1) + 2X = F -y 
in milawn epnny
X =

F + s+ 2

s2 + 2s+ 2



okle . 1
(s+1)2+1

`id e−t sin t ly qltl zxnzde s+1
(s+1)2+1

`id e−t cos t ly qltl zxnzd-y mi`ex zeaeyzd izy z`eeydn
F (s)

s2 + 2s+ 2 ly qltld zxnzd `id
∫ t

0
et

′
−t sin(t− t′)f(t′)dt′

:ze`ad zeirad 3 ly zepexztd ly mitxb miriten `ad 
enra xei`a .3
y′′ + 8y′ + 5y = 0 y(0) = 0 , y′(0) = 3

y′′ + 2y′ + 2y = 0 y(0) = 0 , y′(0) = 3

y′′ + 4y = sin 3x y(0) = 0 , y′(0) = 3. jzaeyz z` ahid wnpl yi ? d`eeyn dfi`l jiiy sxb dfi`

ipy .λ = −4 ±
√
11 zepexzt mr λ2 + 8λ+ 5 = 0 zpiit`nd d`eeynd :dpey`x d`eeyn.i
ileq xegy - graph 3 df .ze
epz `ll 0-l jre
 oexztd .miilily miiynn miyxeyzepexzt .λ = −1 ± i zepexzt mr λ2 + 2λ + 2 = 0 zpiit`nd d`eeynd :diipy d`eeyn- graph 1 df .ze
ixie zeilr mr 0-l s`ey oexztd .ilily iynn wlg mr la` ,miakexn.mikex` miqt mr eweewn legkly ix`ipil sexiv `ed ipbenedd oexzt .λ2 + 4 zpiit`nd d`eeynd :ziyily d`eeyn.sin 3x .cos 3x ly sexiv `edy dnexz 
er mitiqen ipbened-i`d wlgd mr ,sin 2x ,cos 2xeweewn me
` - graph 2 edf .0-l s`ey `ly oexzt



d`eeynd ly l"za zepexzt ipy ly zewfg ixeh `vn .4
y′′ − xy′ − xy = 0-
wnd 4 z` yxetn ote`a `evnle ,min
wnd ly diqxewxd qgi z` zzl yi oexzt lkl.mipey`xd miil`iaixh-`ld minaivp

y =
∞
∑

n=0

anx
n , , y′ =

∞
∑

n=0

nanx
n−1 , y′′ =

∞
∑

n=0

n(n− 1)anx
n−2 lawl

∞
∑

n=0

n(n− 1)anx
n−2 −

∞
∑

n=0

nanx
n −

∞
∑

n=0

anx
n+1 = 0`ed ,n = 1, 2, . . . ,xn ly m
wnd .a2 = 0 okle 2a2 `ed x0 ly m
wnd

(n+ 2)(n+ 1)an+2 − nan − an−1diqxewxd z` miniiwn min
wnd okle ,0 zeidl jixv df
an+2 =

nan + an−1

(n+ 1)(n+ 2)epl yi f`e ,a1 = 0 ,a0 = 1 gwp oey`xd oexztl
a2 = 0 , a3 =

1

6
, a4 = 0 , a5 =

1

40
, a6 =

1

180epl yi f`e ,a1 = 1 ,a0 = 0 gwp ipyd oexztl
a2 = 0 , a3 =

1

6
, a4 =

1

12
, a5 =

1

40 md zepexztd xnelk
y(x) = 1 +

1

6
x3 +

1

40
x5 +

1

180
x6 + . . .

y(x) = x+
1

6
x3 +

1

12
x4 +

1

40
x5 + . . .

d`eeynd z` ,qeipaext zhiy i
i lr ,xezt .5
3xy′′ + y′ − y = 0.xeh lk ly min
wnl zyxetn dgqep zzl yi .l"za zepexzt ipy `evnl yi



aivp
y =

∞
∑

n=0

anx
n+α , y′ =

∞
∑

n=0

(n + α)anx
n+α−1 , y′′ =

∞
∑

n=0

(n + α)(n+ α− 1)anx
n+α−2lawl

∞
∑

n=0

3(n+ α)(n+ α− 1)anx
n+α−1 +

∞
∑

n=0

(n+ α)anx
n+α−1 −

∞
∑

n=0

anx
n+α = 0 e`

∞
∑

n=0

(n+ α)(3n+ 3α− 2)anx
n+α−1 −

∞
∑

n=0

anx
n+α = 0d`eeynd ly zepexztd ipy dl` .α = 2

3
e` α = 0 okle α(3α−2)a0 `ed xα−1 ly m
wnd.α ly jxr lk mr 
g` oexzt didi ,mly epi` mdipia yxtdde zeide ,zpiivnd`ed ,n = 0, 1, 2, . . . ,xn+α ly m
wnd

(n + 1 + α)(3n+ 1 + 3α)an+1 − an okle
an+1 =

an

(n+ 1 + α)(3n+ 1 + 3α)
, n = 0, 1, 2, . . .epl yi α = 0 dxwna

an+1 =
an

3(n+ 1)
(

n + 1
3

) :okle
a1 =

a0

3 · 1 · 1
3

a2 =
a0

32 · 1 · 2 · 1
3
· 4
3

a3 =
a0

33 · 1 · 2 · 3 · 1
3
· 4
3
· 7
3...

an =
a0Γ

(

1
3

)

3n · n! · Γ
(

n + 1
3

) :(reawa ltk i
k 
r) oexztd
y =

∞
∑

n=0

xn

3nΓ(n+ 1)Γ
(

n+ 1
3

) epl yi α = 2
3
dxwna

an+1 =
an

3
(

n+ 5
3

)

(n+ 1)



:okle
a1 =

a0

3 · 1 · 5
3

a2 =
a0

32 · 1 · 2 · 5
3
· 8
3

a3 =
a0

33 · 1 · 2 · 3 · 5
3
· 8
3
· 11

3...
an =

a0Γ
(

1
3

)

3n · n! · Γ
(

n+ 5
3

) :(reawa ltk i
k 
r) oexztd
y =

∞
∑

n=0

xn+ 2

3

3nΓ(n+ 1)Γ
(

n+ 5
3

)

zkxrnd ly illkd oexztd z` `vn .6

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

′

=







0 1 1
1 0 1
1 1 0
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x
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zkxrnd ly ihxt oexzt mb `vn
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x

y

z







′

=




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0 1 1
1 0 1
1 1 0













x

y

z





+







t

0
0







.dvixhnd ly miinvrd mixehweed z`e miinvrd mikxrd z` aygl jxev yi
det







λ −1 −1
−1 λ −1
−1 −1 λ





 = λ(λ2 − 1)− 2λ− 2 = λ3 − 3λ− 2 = (λ+ 1)(λ+ 1)(λ− 2).2 invr jxre −1 letk invr jxr yi oklemiiwn 2 invr jxrd ly invr xehweed






0 1 1
1 0 1
1 1 0













v1
v2
v3





 = 2







v1
v2
v3





 ⇔
v2 + v3 = 2v1
v1 + v3 = 2v2
v1 + v2 = 2v3. 1

1
1





 `ed oexztd



miiwn −1 invr jxrd ly invr xehweed






0 1 1
1 0 1
1 1 0













v1
v2
v3





 = −1







v1
v2
v3





 ⇔ v1 + v2 + v3 = 0illkd oexztd okle . 0
1
−1





 , 1
−1
0





 :zix`pil miielz izla miinvr mixehwee ipy yi`ed zipbenedd zkxrnd ly






x

y

z





 = C1







1
1
1





 e2t +





C2







1
−1
0





+ C3







0
1
−1











 e−tdxeva ihxt oexzt ytgp zipbened-`ld zkxrnl






x

y

z





 =







at+ b

ct+ d

et + f





 yex
l yi






a

c

e





 =







(c+ e)t + (d+ f)
(a+ e)t + (b+ f)
(a+ c)t+ (b+ d)





+







t

0
0





 :oexztd






x

y

z





 =







1
2
t− 3

4

−1
2
t+ 1

4

−1
2
t+ 1

4





.ipbenedd ly illk oexzte df ly mekq `ed illkd oexztd!dglvda


