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n���~~~XXXêêê���§§§

x(n) + a1x
(n−1) + · · ·+ an−1x

′ + anx = f(t). (1)

(I) f(t) = Pm(t)eµt§§§ÙÙÙ¥¥¥Pm(t)´́́t���mgggõõõ���ªªª"""

(II) f(t) = [Am(t) cos βt + B`(t) sinβt]eαt.

ÙÙÙ¥¥¥Am(t), B`(t)©©©OOO´́́t���mgggÚÚÚ`gggõõõ���ªªª"""
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���///£££I¤¤¤µµµf(t) = Pm(t)eµt§§§ÙÙÙ¥¥¥Pm(t)´́́t���mgggõõõ���ªªª"""

(i) eeeµØØØ´́́AAA������§§§���������§§§kkkAAA)))

x0(t) = Qm(t)eµt,

ÙÙÙ¥¥¥Qm(t)´́́���½½½���mgggõõõ���ªªª"""

(ii) eeeµ´́́AAA������§§§���k­­­������§§§kkkAAA)))

x0(t) = tkQm(t)eµt,

ÙÙÙ¥¥¥Qm(t)´́́���½½½���mgggõõõ���ªªª"""
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���ÏÏÏµµµ©©©üüü«««���¹¹¹???ØØØ"""£££���¤¤¤µ = 0.

(i) eeeµ = 0ØØØ´́́AAA������§§§KKKan 6= 0"""---

x0(t) = Qm(t) = c0t
m + c1t

m−1 + · · ·+ cm.

���\\\���§§§'''���XXXêêê§§§(((½½½ci"""

(ii) eeeµ = 0´́́k­­­AAA������§§§KKK���§§§zzz���

x(n) + a1x
(n−1) + · · ·+ an−kx

(k) = f(t).

---x(k) = z§§§KKKz(n−k) + a1z
(n−k−1) + · · ·+ an−kz = f(t),

���an−k 6= 0"""ddd£££i¤¤¤���þþþããã���§§§kkkAAA)))z(t) = Qm(t)"""

|||^̂̂x(k)(t) = z(t)���íííÑÑÑ������§§§kkk���AAA)))x(t) = tkQm(t)"""
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£££���¤¤¤µ 6= 0. ---x = yeµt.

(i) Dm(eµty) = eµt(D + µ)my.

(ii) P (D)x = P (D)(yeµt) = eµtP (D + µ)y.

(iii) ���§§§P (D)x = eµtPm(t)zzz���P (D + µ)y = Pm(t).

(iv) ���§§§P (D + µ)y = 0éééAAA���AAA������§§§���

P (λ + µ) = 0.
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(v) eeeλ = µØØØ´́́������§§§éééAAA���AAA������§§§������§§§===P (µ) 6= 0§§§

KKKλ = 0ØØØ´́́���§§§P (λ + µ) = 0������.

ddd£££���¤¤¤⇒ P (D + µ)y = Pm(t)kkkAAA)))µµµy0(t) = Qm(t)

���������§§§kkkAAA)))µµµx0(t) = eµty0(t) = eµtQm(t)

ÙÙÙ¥¥¥Qm(t)´́́mggg���½½½õõõ���ªªª"""

(vi) eeeλ = µ´́́������§§§éééAAA���AAA������§§§���k­­­���§§§KKKλ = 0´́́���

§§§P (λ + µ) = 0���k­­­���"""

ddd£££���¤¤¤���P (D + µ)y = Pm(t)kkkAAA)))µµµy0(t) = tkQm(t)§§§

���������§§§kkkAAA)))µµµx0(t) = tkeµty0(t) = tkeµtQm(t)

ÙÙÙ¥¥¥Qm(t)´́́mggg���½½½õõõ���ªªª"""
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���///£££II¤¤¤µµµf(t) = [Am(t) cos βt + B`(t) sinβt]eαt§§§

ÙÙÙ¥¥¥Am(t), B`(t)©©©OOO´́́t���mgggÚÚÚ`gggõõõ���ªªª"""

(i) eeeα + iβØØØ´́́AAA������§§§���������§§§kkkAAA)))

x0(t) = [Cp(t) cos βt + Dp(t) sinβt]eαt,

ÙÙÙ¥¥¥Cp(t), Dp(t)´́́���½½½���pgggõõõ���ªªª§§§p = max{m, `}"""

(ii) eeeα + iβ´́́AAA������§§§���k­­­������§§§kkkAAA)))

x0(t) = tk[Cp(t) cos βt + Dp(t) sinβt]eαt,

ÙÙÙ¥¥¥Cp(t), Dp(t)´́́���½½½���pgggõõõ���ªªª§§§p = max{m, `}"""
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~~~1 ¦¦¦)))���§§§

x′′′ + 3x′′ + 3x′ + x = e−t(t− 5).

ÏÏÏ)))���

x = c1e
−t + c2te

−t + c3t
2e−t − 5

6
t3e−t +

1
24

t4e−t.

~~~2 ^̂̂üüü«««���{{{¦¦¦)))���§§§: y′′ + 4y′ + 4y = cos 2x.

ÏÏÏ)))���

y = c1e
−2x + c2xe−2x +

1
8

sin 2x.
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~~~3 ¦¦¦)))~~~XXXêêê���555���§§§|||
dx

dt
= x− 5y

dy

dt
= 2x− y
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���þþþ���m������:::÷÷÷YYY²²²¶¶¶$$$ÄÄÄuuukkk{{{ååå���000���¥¥¥"""
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���:::333x???¤¤¤ÉÉÉ���������555åååµµµ−bx (b > 0)

{{{åååµµµ−a
dx

dt
(a > 0).

���:::���$$$ÄÄÄ���§§§µµµ

m
d2x

dt2
+ a

dx

dt
+ bx = 0.

eee���ÉÉÉ���			ååå������^̂̂§§§KKK$$$ÄÄÄ���§§§���

m
d2x

dt2
+ a

dx

dt
+ bx = f(t).

ÐÐÐ©©©^̂̂������: x(t0) = x0, x′(t0) = x1.
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£££I¤¤¤vvvkkk			ååå���: m
d2x

dt2
+ a

dx

dt
+ bx = 0.

(1) ÃÃÃ{{{ååå§§§===a = 0.

ÏÏÏ)))���µµµx(t) = c1 cos ωt + c2 sinωt. (ω2 =
b

m
).

ÐÐÐ���¯̄̄KKK���)))���µµµx(t) = A cos(ωt + ϕ).

ÙÙÙ¥¥¥µµµA =

√
x2

0 +
x2

1

ω2
, ϕ = arctg

(
− x1

x0ω

)
.

ωµµµXXXÚÚÚ������kkkªªªÇÇÇ§§§§§§������666uuuXXXÚÚÚ���ëëëêêê§§§ØØØ���666uuuÐÐÐ©©©^̂̂

���"""

Aµµµ���ÌÌÌ§§§ϕµµµ���   """§§§���ØØØ===���666uuuXXXÚÚÚ���������ëëëêêê§§§������666uuu

ÐÐÐ©©©^̂̂���"""£££������ÄÄÄ¤¤¤

555���µµµ���ÄÄÄ´́́±±±ÏÏÏ���§§§±±±ÏÏÏ���µµµT =
2π

ω
.
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(2) kkk{{{ååå§§§===a > 0.

AAA������§§§µµµλ2 + 2δλ + ω2 = 0, δ =
a

2m
, ω2 =

b

m
.

λ = −δ ±
√

δ2 − ω2, Re(λ) < 0.

555���µµµééé���§§§���???¿¿¿)))x(t)kkk lim
t→∞

x(t) = 0"""

���:::���$$$ÄÄÄ������mmm���OOO\\\


ÅÅÅììì~~~fff§§§���ªªªªªªuuu²²²ïïï   ���"""
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£££II¤¤¤kkk±±±ÏÏÏ			åååf(t) = mF0 cos pt.

m
d2x

dt2
+ a

dx

dt
+ bx = mF0 cos pt.

(1) ÃÃÃ{{{ååå§§§===a = 0.

(a) ���kkkªªªÇÇÇ���			åååªªªÇÇÇØØØ���ÓÓÓ���§§§===p 6= ω.

kkk���AAA)))£££���½½½XXXêêê{{{¤¤¤µµµx0(t) =
F0

ω2 − p2
cos pt.

ÏÏÏ)))µµµx = c1 cos ωt + c2 sinωt +
F0

ω2 − p2
cos pt.

���ÄÄÄ©©©������kkk���ÄÄÄÚÚÚrrr½½½���ÄÄÄüüüÜÜÜ©©©"""
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(b) ���kkkªªªÇÇÇ���			åååªªªÇÇÇ���ÓÓÓ���§§§===p = ω.

kkk���AAA)))£££���½½½XXXêêê{{{¤¤¤µµµx0(t) =
F0

2ω
t sinωt.

ÏÏÏ)))µµµx = c1 cos ωt + c2 sinωt +
F0

2ω
t sinωt.

rrr½½½���ÄÄÄ������ÌÌÌ������mmm���OOO\\\


ÃÃÃ���OOO\\\—uuu)))������yyy���"""
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(2) kkk{{{ååå§§§===a > 0.

���kkk���ÄÄÄ������mmm���OOO\\\


ÅÅÅììì~~~fff§§§���ªªª������"""���III���ÄÄÄrrr½½½���

ÄÄÄ"""

���ÄÄÄrrr½½½���ÄÄÄ§§§AAA)))���£££���½½½XXXêêê{{{¤¤¤µµµ

x0(t) = A cos(pt + ϕ).

ÙÙÙ¥¥¥A =
F0√

(ω2 − p2)2 + 4δ2p2
, ϕ = arctg

(
2δp

p2 − ω2

)
.

bbb½½½ω2 > 2δ2§§§KKK���			ååå���ªªªÇÇÇp =
√

ω2 − 2δ2������ÌÌÌ������

—uuu)))������"""
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������µµµ

¦¦¦)))eee������§§§µµµ

£££1¤¤¤x′′ + 2x′ = 3 + 4 sin 2x"""

£££2¤¤¤x′′ − 2x′ + 2x = 4et cos t.

£££3¤¤¤x′′ + x = t2 + 2.

£££4¤¤¤x′′′ − 3x′′ + 4x = te2t.
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