
7 lebxz - x"n2011 hqebe`a 23 zeixlebpiq 'wp oein jynd1 dnbe:xear zeixlebpiq zeewp oiin
(x sinx) y

′′

+ cos (x) y
′

+ ex · y = 0 oexzt:zxekfz
p (x) y

′′

+ q (x) y
′

+R (x) y = 0 zeleabd z` weap
lim

x→x0

(x− x0)
q (x)

p (x)

lim
x→x0

(x− x0)
2 R (x)

p (x).zixlebx zixlebpiq 'wpdy xn`p miiteq l"pd zeleabd ipy m`:eply dxwna
p (x) = x sinx

q (x) = cos q

R (x) = ex qd`eeynd i"r rawp x0 f`
p (x0) = 0

x0 sinx0 = 0

x0 ∈ πZ :x = 0 xear .zeleabd z` aygp
lim
x→0

x ·
cosx

x sinx
= lim

x→0

cosx

sinx.zixlebx-i` zixlebpiq `id x = 0 'wpd okl miiw epi` leabd:k 6= 0 xy`k x = πk dxevdn zeewp xear weap
lim

x→πk

(x− πk)
cosx

x · sinx
= lim

x→πk

x− πk

sinx
·
cosx

x

= lim
x→πk

1

cosx
·
±1

πk

= ±
1

πk

lim
x→πk

(x− πk)
2
ex

x sinx
= lim

x→πk

ex (x− πk)

x
·
x− πk

sinx
= 0.zixlebx zixlebpiq `id k 6= 0 xear x = πk 'wpd okl
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qeipiaext zhiy.ipy xqn d`eeynl oexzt `evnl ik xeliih ixeha miynzynd`eeynd ly zixlebx zixlebpiq 'wp x0 idz
y

′′

+ p (x) y
′

+ q (x) y = 0 dxevdn oexzt yi d`eeynl f`
y = (x− x0)

λ

∞
∑

n=0

an (x− x0)
n.a0 xear zireaixd d`eeyndn milawzn λ1, λ2 zepexztd xy`k'` dxwn:mi`ad mi`pzd z` miniiwnd miyxey λ1, λ2 gipp.miiynn λ1, λ2 .1(1 `ed mdly ieaixd xnelk) λ1 > λ2 .2.λ1 − λ2 /∈ Z .3:dxevdn md zepexztd f`

y1 (x) = (x− x0)
λ1

∞
∑

n=0

an (x− x0)
n

y2 (x) = (x− x0)
λ2

∞
∑

n=0

bn (x− x0)
n xnelk

y = c1y1 (x) + c2y2 (x) 2 dnbe:d`ad x"nd z` xeztl ik x = 0 aiaq xeliih xeha xfrd
2x2y

′′

+ 7x (x+ 1) y
′

− 3y = 0 oexzt:onqp .zeixlebpiq 'wp weal yi ik al miyp
p (x) = 2x2

q (x) = 7x (x+ 1)

R (x) = −3 .zixlebpiq 'wp `id x = 0y ze`xl lw
lim
x→0

x ·
7x (x+ 1)

2x2
= lim

x→0

7 (x+ 1)

2
= 3.5

lim
x→0

x2 −3

2x2
= lim

x→0
−
3

2
= −

3

2 .zixlebx zixlebpiq `id 'wpd okldxevdn oexzt miiw ik rei
y = xλ

∞
∑

n=0

anx
n

2



.('` i`pz ly mixwna ynzyp f`e) dni`zn λ ytgp:ik xexa .d`eeyna aivp
y =

∞
∑

n=0

anx
n+λ

y
′

=

∞
∑

n=0

(n+ λ) anx
n+λ−1

y
′′

=

∞
∑

n=0

(n+ λ) (n+ λ− 1) anx
n+λ−2 :lawp d`eeyna davd xg`l

∞
∑

n=0

(n+ λ) (n+ λ− 1) anx
n+λ + 7x (x+ 1)

∞
∑

n=0

(n+ λ) anx
n+λ−1 − 3

∞
∑

n=0

anx
n+λ = 0:mixehd z` xqp

2
∞
∑

n=0

an (n+ λ) (n+ λ− 1)xn+λ+7
∞
∑

n=0

(n+ λ) anx
n+λ+1+7

∞
∑

n=0

(n+ λ) anx
n+λ−3

∞
∑

n=0

anx
n+λ = 0:xn+λ itl lkd z` xqp

2a0λ (λ− 1)+7a0λ−3a0+

∞
∑

n=1

{an [2 (λ+ n) (n+ λ− 1) + 7 (λ+ n)− 3] + 7 (n+ λ− 1) an−1}x
n+λ = 0:lawp minwn ze`eeydn

2a0λ (λ− 1) + 7a0λ− 3a0 = 0

a0 (2λ (λ− 1) + 7λ− 3) = 0

2λ2 + 5λ− 3 = 0.zil`ivipi`d d`eeynd z` zillk dxeva gikedl xyt` df libxzn dyrnlzil`ivipi`d d`eeynl oexztd ik lawp
λ1 =

1

2
λ2 = −3 lawpe an z` eap

anλ
=

7 (λ+ n− 1) an−1

(λ+ n) (λ+ n− 1) + 7 (λ+ n)− 3:y1, y2a l"pd λd z` aivdl x`yp
y1 (x) = x

1

2

∞
∑

n=0

an 1

2

xn

y2 (x) = x−3

∞
∑

n=0

an−3
xn `ed illkd oexztde

y = c1y1 (x) + c2y2 (x).mly epi` miyxeyd oia yxtdd xy`k dxew dn epi`x '` dxwna eiykr rmiiwzdl jixv zixlebx zeixlebpiqd m` ik mb epi`x
p0 = lim

x→x0

(x− x0)
q (x)

p (x)

q0 = lim
x→x0

(x− x0)
2 R (x)

p (x)3



:zil`ivipi`d d`eeynd z` wiqdl ozip f`
λ (λ− 1) + p0λ+ q0 = 0 'a dxwn.'` dxwna enk y1 (x) f`λ1 = λ2 m`

y2 (x) =
∂y (x, λ)

∂λ
|λ=λ2

= y1 (x) lnx+
∑

bn (x− x0)
n+λ1 'b dxwn:oke libxk y1 (x) f` ,mly xtqn λ1 − λ2

y2 (x) =
∂

∂x
[(λ− λ2) y (x, λ)]λ=λ2 3 dnbe:x = 0 aiaq x"nd z` xezt

x2y
′′

+ xy
′

+ x2y = 0 oexzt:(zil`ivipi`d d`eeynd xear mireawd z` lawp oke) zixlebx 'wp yi x = 0a m`d ytgp
p0 = lim

x→0

x · x

x2
= 1

q0 = lim
x→0

x2 · x2

x2
= 0 :d`eeynd z` lawp

λ2 − λ+ λ+ 0 = 0

λ2 = 0

λ12 = 0:oexztd okl .'a dxwn weia edfy ipy ieaixn yxey λ = 0 okl
y1 =

∞
∑

n=0

anx
n+λ .(λ = 0 aivp seqal ik xekfp).0-l deey eply dxwnay λ = λ0 aivdle λ itl xefbl yi y2 xear

y2 (x) =
∂y1 (x, λ)

∂λ
|λ=0.zil`ivpxtid d`eeyna xfrp .minwnd lr i`pzd z` `evnl epl xzep

y (x) =

∞
∑

n=0

anx
n+λ

y
′

(x) =

∞
∑

n=0

(n+ λ) anx
n+λ−1

y
′′

(x) =
∞
∑

n=0

(n+ λ) (n+ λ− 1)anx
n+λ−2
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:x"na aivp
x2

∞
∑

n=0

an (n+ λ) (n+ λ− 1)xn+λ−2 + x

∞
∑

n=0

an (n+ λ) xn+λ−1 + x2

∞
∑

n=0

anx
n+λ = 0

∞
∑

n=0

an (n+ λ) (n+ λ− 1)xn+λ +

∞
∑

n=0

(n+ λ) anx
n+λ +

∞
∑

n=0

anx
n+λ+2 = 0

a0 (λ− 1)xλ + a1 (1 + λ)λxλ+1 + λxλ + (1 + λ) x1+λ +

+

∞
∑

n=2

[an (n+ λ) (n+ λ− 1) + (n+ λ) an + an−2]x
n+λ = 0:minwndn lawp okle

a0λ (λ− 1) + a0λ = 0

a0λ
2 = 0 :aeyig xg`l lawp illkd xai`dn

an (n+ λ)
2
+ an−2 = 0

an = −
an−2

(n+ λ)
2 lawp a1 ly d`eeyndn

a1 (1 + λ)
2
= 0 gxkda okl

a1 = 0 .miqt` miibef-i`d lk okle:`ed y1 xear illkd xai`d okl
a2k = −

a2k−2

(2k + λ)
2 .y1 xear mi`znd xehd z` lawl lwe.λ = 0 aivpe y1 z` λ itl xefbp y2 xearmireaw minwn mr zeipbened zix`pil ze`eeyn zkxrn:dxevdn ze`eeyn zkxrn dpezp m`











x
′

1 = a11x1 (t) + a12x2 (t) + ...+ a1nxn (t)
...

x
′

n = an1x1 (t) + an2x2 (t) + ...+ annxn (t) :xibp
−→x =







x1

...
xn





 :jk zkxrnd z` meyxl ozip
−→x

′

= A · −→x :dxevdn oexzt ytgp
−→x = eλt−→v5



:d`eeyna aivp .minwnd xehwe −→v xy`k
−→x

′

= λeλt−→v okle
λeλt−→v = Aeλt−→v

λ−→v = A−→v.λ r"rd xear A ly invr xehwe `ed −→v okle.mipey mixwn dyely mpyi'` dxwn:dxevdn `ed oexztd f` ,miiynne mipey r"rd lk
−→x = c1e

λ1t−→v1 + c2e
λ2t−→v2 + ...+ cne

λnt−→vn.el mi`zn r"e −→vi e r"r λi xy`k4 dnbexezt






x
′

1 = x1 + x2 − 2x3

x
′

2 = −x1 + x2 + x3

x
′

3 = 2x2 − x2 :dvixhnk meyxp
−→x

′

=





1 1 −2
−1 1 1
0 2 −1





−→x :r"r ytgp
|A− λI| = 0

∣

∣

∣

∣

∣

∣

1− λ 1 −2
−1 1− λ 1
0 2 −1− λ

∣

∣

∣

∣

∣

∣

= 0

−λ (λ− 2) (λ+ 1) = 0

λ1 = 0

λ2 = 2

λ3 = −1 :λ1 = 0 xear invr xehwe `vnp




1 1 −2
−1 1 1
0 2 1









a
b
c



 =





0
0
0



 :lawpe dvixhnd z` bxp




1 1 −2
0 2 −1
0 0 0









a
b
c



 =





0
0
0



 xnelk
v1 =





3
1
2
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:lawp dne ote`a
v2 =





−1
3
2





v3 =





1
0
1



 :`ed oexztd f`
−→x = c1





3
1
2



 + c2e
2t





−1
3
2



+ c3e
−t





1
0
1
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