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Inasa 1. OnepaunoHHOE UCYUCTIEHNE

HaiiTH opMrHHATBL TIO 3a1aHHOMY U300paXeHHIO:!
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109.

111.

113.

115.

117.

119.

121.

123.

124.

126.

1

Flp) = s 104 Flp) = s,
F(p):ﬁ. 106. F@):Ff;l—),.
F(p):}T;Z_FF. _ 108. F(p)=7—_,:+—pz.
F@):%ﬁﬁ 110. F@):WPL—‘).
0= ey 12 F0) - TR T
2 -

F(P):p4+2p3+;p=+2p+l‘ e Fw:?‘%'
F(p)zpsil. 116. F(p):ﬁ-*i—w.
O Sl s 1 O R
F(p) = stz—l),. 120. F(p) = = _e;;+5 +:f:;.

e r e?
Fo) = oo 122 F(p) =~
F(p) = b l(e‘"‘p +2e ¥ 43¢7Y).

L2 =7 -p/2
F(p)zp::—_pl+::_:. 125. F@):W.
F@)=§+3§+%{. 127. F@):R’%.

Teopema 3dpoca. Tycms f(t) = F(p), u nycms ®(p) u q(p) — ananu-

muyeckue (yHKYUYU makKue, 4mo

CI)(p)e_"’(”) = (¢, 7).

Toeoa

Fla(p)|®(p) = f (7)ot 7) dr.
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1
B uactHocTH, ecu @(p) = —, q(p) = /P, TO
7 ) =P
plt,7) = Le"'zl ),
[Moatomy, eciu u3BecTHO, uto F(p) = f(t), To no Teopeme Ddpoca HaxoaUM
F(vp)
OpUTMHAN I ————
vP
F(y/p) f e
= dr. 19
B ay f(r)e (19)

3apaum Ans CaMOCTOATENbHOIO PeLUeHUs

Hcnonb3ya Teopemy Ddpoca, HailTH opurdHaibl caenyownx dbyHkuuit (a — setne-
CTBEHHOE YHCIIO):

e—ﬁz[ﬂ -a /P -af
128. F(p) = 129. F(p) = 130. F(p) =
131. F oatinis 132. F e
e
a

Hcnons3ya Teopemy Ddpoca, BbIMHCINUTD CAEAYIOLIME HHTEMPABI:

133. I(t) = \/—=fch‘re 1) g 134. I(t) = ‘/%fcosre_fz"(m dr.
0 0
%, : i oo
2 2
135. I(t) =——f‘rsh1’e" ) gr. 136, I(t) = —/fsin‘re" 149 gr.
Vvt J Vit J

§ 2. Pewenue 3apaum Kowu ana oOGbIKHOBEHHbIX
NnuHelHbIX audPepeHunanbHbIX ypaBHeHUn
C NOCTOSAHHBIMU KO3PPULUEHTaMU
Iycts umMeeM auddepeHiLinanbHOE ypaBHeHKe (11 NPOCTOTHL — BTOPOTO
nopsiaKa)
d’m
a—7 + oz = % ¢ asat) = 1), (1

rae ag, @1, a; = const, ag # 0, f(t) — byHKUMSA-OPHTHHAI.
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Bynem uckate peuteHue ypasHeHus (1), yAOBIETBOpSIOLUIEE HAYAIBHBIM
YC/IOBHSAM:

z(0) =29, z'(0) =z 2

TMycts z(t) = X(p), f(t) = F(p). Mpumenss K obeum uyactaMm (1) npeobpa-

3oBaHue Jlammaca W Mcnone3ys TeopeMy o muddepeHMpOBaHMM OPUrHHANA

M CBOMCTBO NMMHeHOCTH npeobpa3oBaHus Jlannaca, BMecTo oguddepeHUHaANb-

Horo ypaBHenus (1) ¢ HayanbHBIMM YCIOBHAMH (2) MonyyaeM OMNepaTopHOE
ypaBHEHHE

(aop® + a1p + a2) X (p) — (0p2o + a0z + aizy) = F(p). 3)
H3 (3) Haxomnm
F(p) + aopzo + aox; + a2
X(p) = 2 .
app° +a\p+a;

7o TaK Ha3blBaeMoe onepatopHoe peweHne. Haxona no X (p) opurunan z(t),

MEI TEM CaMBIM HaiineM yHkumio z(t) — pewenne 3anaun Kowwm (1)—(2).
OO6wuit cnyvait pewenus 3agaun Kowwm wis augdepeHUMANBHOrO ypas-

HEHMS N-TO MOPANKA MPHHLMITHAIBHO HHYEM HE OTIMYAETCH OT ciiyyasi n = 2.

Cxema pewenus 3ada4u Kowu
¢ nomouywio npeobpaszosanun Jlanaaca

3anaya Kouru Peurenue 3anauu
I | B mpocTpaHCcTBE OPUTHHAIOB Koun v
-1
L L
I OnepatopHoe ypaBHEHHe A | Peulenue onepatopHoro 1
B MPOCTPAHCTBE N306paxeHHi ypaBHEHHS

3mecy L o3Hauaer npumeHeHue X | npeoGpazosaHus Jlannaca, A —
peureHue onepatopHoro ypasHenus II, L™' — npumenenue k 111 o6parHoro
npeobpasosanus Jlannaca.
Mpumep 1. Pewuts 3apavy Kowm
" +z=2cost; z(0)=0, z'(0)=-1.
Pewerue.
z(t) = X(p), '(t) = pX(p)—=(0) = pX(p),

2"(t) = p'X(p) - p2(0) - 2'(0) = pPX(p) + 1, cost = —>

pP+1
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TaK YTO ONEPaTOPHOE YpaBHEHHWE WUMEET BHIL ’

2 2p
X 1+ X(p) = ——;
PX(p)+1+X(p) FiT |
OTCroaa ‘
A 2p 1
T @+ pral

Haxonnm opuruuan mns X (p). Opurunan wia GyHKUMK az—l—_—l; |
P i

X(p)

pz_’_],——’sint. ‘

Jis HaxOXeHHsl OPMIMHAaNa JUTS (DYHKLMH (Pz_zf]')'z' BOCITONIb3yeMCH, HanpuMep,
TeopeMoii 0 auddepeHLMpoBaHUH H300paxeHus (cm. § 14):

2p RS |

@2+1)2=—(P2+1)P,=tsmt. .

3uaunt, X(p) =tsint —sint = (¢ — 1) sint.
Hrak z(t) = (¢ — 1) sint. >

3apayu ans camMOCTOSTENbHOro peweHua

Pewnts cnenyoume nudepeHunanbHele ypaBHEHHUA TIPH 3aaHHBIX HAYATBHBIX YCIO-
BHSIX: |

137. 2’ +z=¢7", z(0) = 1.

138. 2’ -z =1, z(0) = —1.

139. z' + 2z =sint, z(0) = 0.

140. 2" =1, z(0) =0, 2'(0)=1.
141, 2" +2' =1, z(0) =0, 2'(0)=1.
142, 2" +z =0, z(0) =1, z'(0)=0.
143, 2" +32' = ¢, z(0) =0, z'(0) =-1.
144, 2" - 22' = ¥, z(0) = z'(0) = 0.

145. 2" +22' -3z =€, =2(0)=0, Z'(0)=1.

146. " + ' =1, z(0) = 2'(0) = 2"(0) = 0.

147, 2" + 22" = tsint, z(0)=0, 2'(0)=0.

148. 2" +22' + 2 =sint, =z(0)=0, z'(0)=-1.

149. z" —z" =sint, z(0) = 2'(0) = 2"(0) = 0.

150. =" +2' =¢, z(0) =0, «'(0)=-1; 2"(0)=0.
151, 2" - 22’ 4z =€, z(0) =0, 2'(0)=1.

152, 2" + 22" +52' =0, =z(0)=-1, Z'(0)=2, z"(0)=0.
153. 2" -2z +2z =1, =z(0)=2'(0)=0.

154. 2" +2' = cost, z(0) =2, '(0)=0.
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155. 2" +2' +z =1, z(0) =1, z'(0)=0.

156. " + 2" =sint, z(0) =2'(0)=1, z"(0)=0.
157. =" + & = cost, z(0)=~1, 2'(0)=1.

158. =" + 1" =t, z(0)=-3, 2'(0)=1, z"(0)=0.
159. 2" + 2z’ + 5z =3, z(0)=1, '(0)=0.

160. z'V - z" = cost, 2(0) =0, '(0)= -1, z"(0)=2"(0)=0.
161. 2" +22' + 2z =1, z(0) = z'(0) = 0.

162. =" +z =1, z(0) = -1, 2'(0)=0.

163. 2" + 4z =1t; z(0) =1, z'(0)=0.

164. z" - 22' + 5z =1—1t, z(0) = 2'(0) = 0.

165. z" +z =0, z(0) =0, z'(0)=-1, z"(0)=2.
166. " +z" = cost, z(0) = =2, 2'(0)=2z"(0) =0.
167. z" +2' =¢', z(0)=0, #'(0)=2, 2"(0)=0.
168. 2"V -z" =1, z(0) = 2'(0) = 2"(0) = =" (0) = 0.
169. z" +z' = cost, z(0) =2, ='(0)=0.

170. z" - z' = t€', z(0) = z'(0) = 0.

171. 2" + 2’ = cost, z(0) =0, z'(0)=-2, z"(0)=0.
172. =" +22' +z =1, z(0) = z'(0) = 0.

173. 2" -2’ +z=¢"', z(0) =0, z'(0)=1.

174. =" — x =sint, x(0) = -1, z'(0)=0.

175. =" +z =€, z(0)=0, £'(0)=2, z"(0)=0.
176. =" + = = 2sint, z(0)=1, '(0)=-1.

177. " - 22' + 2 =t —sint, =2(0)=2'(0)=0.

178. z" +22' +z=2cos’t, z(0)=2'(0)=0.

179. z" + 4z =2cost-cos3t, z(0)=2z'(0)=0.

180. z" + z =te' + 4sint, z(0) = 2'(0) = 0.

181. 2" - ' = té', z(0) =1, ='(0)=0.

182. 2" +2' =4sin’t, z(0) =0, «'(0)=—1.

183. 2" - 22" +2' =4, z(0) =1, ='(0)=2, z"(0)=-2.
184, 2" - 32' + 2z =¢, z(0) = z'(0) = 0.

185. ' -2’ =4¢, z(0) =0, z'(0)=1.

186. z" +z = %tze', z(0) = 2'(0) = z"(0) = 0.

187. z" +z =tcos2t, z(0) = z'(0) = 0.

188. z" + n’z = asin (nt +a), z(0) =z'(0)=0.

189. 2" + 62" + 11z’ +6z =1+t +t*, =(0)=2'(0)=2"(0)=0.
190. z" + 22" 4+ z =tsint, z(0)=2'(0)=z"(0)=2"(0)=0.
191. z" - 2a7’ + (’ + )z =0, z(0) =0, z'(0)=1.
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192. z" + 4z = sint,
193. z" +2' = €*,
194. 2" + 2" = cost,

z(0) = z'(0) = 0.

z(0) = z'(0) = 2"(0) = 0.

z(0) = 2'(0) = 2"(0) = 0, =" (0) =1.
195. z" — 4z =sin %t sin %t, z(0)=1, z'(0)=0.

196. 2" 52"+ 102 —62=0, =z(0)=1, 2'(0)=0, 2"(0)=6, "(0)=-14.
197. 2" + ' +z =te', z(0) = z'(0) = 0.

198. z" + = =tcost, z(0) = £'(0) = 0.

199. 2" 432" -4z =0, z(0) =2'(0) =0, z"(0)=2.

200. z" +32"+32 +z=1, =z(0)==2'(0)=2"(0)=0.

201. " +z=1, z(0) = z'(0) = z"(0) = 0.

202. 2" +w'z = a[n(t) — n(t — b)], =(0)=2z'(0)=0.

TpeGosanue, uTOOBl HayaibHble YCAOBUS ObUTM 3amaHbl B Touke ¢ = 0,
HecylIeCTBEHHO, TaK KakK JMHeHHON 3aMeHOH He3aBHCHMOMH nepeMeHHo#H {
sagava Kowwu npu t = ¢y # 0 cBoaMTCs K 3aauye ¢ HavaJlbHBLIMHU YCIOBUAMU
B Touke ¢ = 0. ITokaxeM 3T0 Ha npuMepe LUPdEPeHIHATBHOTO YpaBHEHUS
BTOPOTO MOPSAJKA.

IMycTs TpebyeTcs HaWTH peuleHHE YpaBHEHUS

apz" (t) + a,2'(t) + axz(t) = f(t), (4)
YIOBAETBOPSIIOLLIEE HAYATLHBIM YenosusiM Z(t) = 2o, 2'(to) =, e o # 0.
Monoxum
t=1+1p;
z(t) = z(r + to) = T(7);
1) = f(r + ) = f(r).
Torna

') =2'(r + ) =% (1),
2'(t)=2z"(r + to) =T (1),
1 ypaBHenue (4) M HauanbHbIE YCIOBUA TPUMYT BUA
207" (1) + ) (1) + a28(7) = f(7),
F(0)=mp, T(0)=gu.

)

Mel nonyumny 3anady Kowu aisi ypaBHeHHs (5) ¢ HauanbHbIMU YCJIOBHSIMH,
3a1aHHbIMK B Touke 7 = 0.

Npumep 2. Haittn pewenve ypasHenus z''(t) + z'(t) = t, yaoeneteops-
joujee HauanbHeiM yenosuam (1) = 1, z'(1) = 0.

2 3ak. 265
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e .

123. sin (t - 2)n(t - 2) + 2sin (¢ = 3)n(t — 3) + 3sin (t — 4)p(t — 4).
124, sh(t - 1)n(t - 1) +ch2(t - 2)n(t - 2).

125. q(t-——) [___ (=-1)__cosz( _~)__sm2( __)]

126. (t— 1)t — 1)+ (¢ — 2)7n(t - 2) + (¢ - 3)°n(t - 3).

e o13) e - ().

128. l—erf(za‘/.)
e VP |8 R 1 B
129, Pe o] e, et
we.Hne P\/_ ‘/_(‘/_)1 Tonaraem &(p) = 7 F(vp) = W

Orciona F(p) = ——, H 110 TeOpeMe 3ama3abiBaHUs

P’
F(p) = (t - a)n(t — a) = 1(t).
ITo Teopeme Debpoca

e~aVF o0 )
i ‘/—f(“' a)n(t —a)e” a dr = :rtf(-r—a)e":? dr =

~

wt it
a
3neck
] 3 2 l 00 i 2
Ii(t) = — /‘re'% dr = —(=2t)e” @ = s
wt 1rt( e AL % Pl

Crnenosarensro, I(t) = a[ f (Ea_t) - l] = —aErf ( 7) H OKOHYaTe/IbHO
e e 2 2 a
= e # —aErf( — |.
VP G (2\/5 )

] o0
1 _.".2. a .
=—-ffe ) dr————fe @ dr = I,(t) + L(t).
a

eV jol et :
— . [Tonaraem .

132. Pewenne. Sam = ﬁ\/ﬁ(a+\/ﬁ)

1 P i o
"% TP G

B Chi A A —a(t-a
e e S ) =l a) - e -a)] = 10

ITo Teopeme Ddpoca umeem

e VP R
VvPla+B) " avrt

a
[1- e"'(""')]e'z dr =

f < fer-ons ) 2 0

avrt

o0
1 a 1 f el -( L +¢ﬁ)2
=-Ef( — ) - e e\ dr =
a (2 t) avmt
a

a ed(ﬂ'f'ﬂl 2 2 S 5
B W) = 2y
2vE ) a V7T f A

oVt

T
T,IICZ:-—-—-I-G\/E.

Wi
e () e o).

o0
A
133. Pewenue. I(t) = \/% f chre™ 4 dr. Cpasuusas I(t) c dopmynoit (19) § 14,
o "

Hrak,

BuauM, yto f(t) = cht, a sHaunr, F(p) = ;J-i}j_—l CHCIIOBGMI:;HO, F(vp) = I%

Bads #(p) = % nonysio: 3(p)F(p) = ;}-1 = I(t), orxysa I(t) = ¢'.
136. I(t) = 2te™.

134. I(t)=e". 135. I(t) = 2e'.

137. z(t) = (t+ 1)e™'. 138. z(t) = -1. 139. z(t)=

140. z(t)=t+-21-t2. 141, z(t) =t. 142, 2(t) = conly
¥ A4
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50 \grhia
143. 2(!)—;8 +Ee gt
145. 2(t) = %(3& L ¥ Loghy 7S48, sl t —sinit,

144. z(t) = %(l —e¥ +2te”).

25 12 14 15500 2
147. z(t) = 5¢ 35 cost + 75 sint stsmt 5ltoz:ost.
1 1 1
148. z(t) = E(e" —te™t —cost). 149. z(t) = ie' —t—1+ >(cost +sint).

| 1
150. z(t):%t2—1+cost-—sint. 151. z(t):itze‘+te'.

3 4 1
152. z(t) = -S-e“ sin 2t — —S—e"' cos2t — -

5

153. z(t) = %(1 — €' cost + e'sint). 154. z(t) =2+ %(e" — cost +sint).
1

155. z(t) =t* -4t + 6 - 5" —te™". 156. z(t)=2t+5(e"+cost—sint).

157. z(t) = %tsint—cost+sint. 158. z(t) = %t’— %t2+2t—4+e".

. 1 1
159. z(t) = Bt ge“ cos 2t + ge" sin2t. 160. z(t) = jlcost +cht) —t -1,
161. z(2) = %(1 —e'cost—e'sint).  162. z(t) =1 - 2cost.

1 1
163. z(t) = Zt +cos 2t — 3 sin 2t.

3 eran 4
164. z(t) = B Ee c052t+-i§e sin 2¢.
V3 1 V3
e t) = -t_ t/2 Al Xl tfj2 . il
165. z(t)=e e’ cos — t+ﬁe sin =

1
166. z(t) = -1- %(sint+cost +ef). 167. z(f) = Ee‘ + g sint + % cost—1.

2

168. z(t) =cht - %tz— E 169. z(t) =2+ -;-(e'+sint-cosz).

170. .'.L'(t) = ¢ (1 — i ltz) =4,

3 1
5 171 z(t)——i smt—itcost.

172, z(t)=2e""+te'+t-2. 173. z(t)=%e"'—%e‘”(cos?t—ii\/isin?t).

174. z(t) = —le‘ = %e“‘ - %sint.

5 1 3 3
175. z(t) = 58‘ - ge" + Ee“'z cos -‘2—_t + ﬁem sin %t.

—_
1 TR Y
176. z(t) = cost —tcost. 177. z(t)=2+t—5cost+5e 3¢
P I A 4
st o — sin2t.
178. z(t) =1 75° ste 250032t+2551

t 1
179. z(t) = Zsin 2t + -—(cos 2t — cos 4t).

1
180. z(t) = %(t-—l)e +—cost+25|nt-2tcost

2 -
181. m(t):e'(%-—t+l). 182. z(t) = 2t—3+3e t——(sm2t 2coszt+2e )

184. z(t) =¢* - ¢' —te'.
3

t
185. z(t)=3e'—3-2z—t’-3.

TN AW V3N b
186. z(t):%e'(t2—3t+5)+§e"2(\/§sm—5~t—cosTt —24e. .

183. z(t) =4t + 3 - 2¢".

5 1
187. z(t) = %sinZt— r sint - stcos 2t.

188. z(t) = i[sin nt cos a — nt cos (nt + a)].

4 35 P I R S
2 — ! — — — 5
189. z(1) = t = ‘§t+ 54 —lel 23 273

190. z(t) = —a[st cost + (£ — 3)sint].

1
192. z(t) = %sint — —sin2t.

1
191. z(t) = Ee“‘ sin Bt. z

: 3 ost—-lsmt
193. :c(t):——e —§+5c 3 |
; 1 2 ¢
194. z(t) = 5t +(1=-7t+( -1+ (5 —_1)e '+3(cost—smt}.

1 1
195. z(t) = 83 ch 2t — — cosi + — cos 2t.

10 16
. 1 L
196. z(t)=e (cost+smt-§ - < iy
= V3 M3t 3 1wy
197. z(t) = Ee 1 (COS _i-t+ -—3-sm —z—t -+ 3(t l)e.

2 2
198. z(t) = %(tzsint+tcost—sint). 199. z(f) = ;[e' — e %(3t + 1)].

{0 DV
201. z(t)=1—ze L ae"' cos T!.

t2
200. z(t):l—e“'(—f+t+l). :

o :
202. z(t):yz-[sinz%tn(t)-—smlg(t—z——)-n(t—b)]. 203. z(t) = - cost.
w



