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JINOPEPEHIIAJIBHBIE YPABHEHN 4.
3AJIAHUE 1.
a) Haiitu obiee perrenne ypaBHeHUsI:

Yy —1)de+3zy’(y — 1) dy = (y+2) dy

PEIIEHUIE.

[IpeoGpasyeM ypasHenue, pasfenus ero Ha y°(y — 1) dy . [Tomyanm:

de 3z + 2
N y

dy y  Ply—1)
1o JmHeliHOe YpaBHEeHHe OTHOCUTEbHO GyHKInH Z(Y) .

[Iycrs z(y) = w-v. Torna 2’ = v'v + w'. Toacrasum B (1):

, ,  BJuv y+2
UV +uv + =— .
y o yiy—1)

PazobbeM moJsiyueHHOE YpaBHEHHE Ha 2 JaCTH:

(2)
(3)

Suv
u'v+ — =0;
Y
w =372 +2
Y3y —1)
Haiizem yactroe perienne ypaBHeHus (2). DTo ypaBHEHUE ¢ PA3JIeSIONUMUCS MePEMeH-
HBIMU:
du ~ 3u
dy Yy
du 3dy
u y
In|u| = =31n|y|
1

[TogcraBum Hafigenuyio dyukiuo B (3):

iv/— y+2
y? Y3y +1)
g yt2

y+1

Haxomuwm:

+2 1
/y—d —/(1+—) dy=y+Injy+1|+C.
y+1



[Tosryuaem obiiee perienue UCXOHOTO YPaBHEHUS:

1
xz;(y+1nly+1l+0)-

6) Haitru vacrnoe pemenne juddepenuuanbuoro ypasuenus 4y + vy = (v — 1)e®y?,
yIOBJIETBODSsIOIee HadaabHoMy ycaosuio y(0) = 1.

PEIIEHHIE.

Dro ypasuenuwe Bepuymiu. Pemenne nmem B Buge y(x) = u-v. Torga 3y = v'v + wv'.
[ToacTaBuM 3TO BBIpaXKeHUE B ypPABHCHHE:
u'v + w4+ zuv = (v — 1)e"y>.

PazobbeM mosryueHHOE ypaBHEeHHE HA JBe YaCTH:

u'v + zuv = 0; (4)

w' = (v — 1)e“u?v?, (5)

Haiinem yactHoe perenne ypaBaeHus (4). 9To ypaBHEHHEe B Pa3JIeSIIONIUMUCS EPEMEeH-

HbIMU:
du
— = —xu
dx
d
& —/avdx
u
2
In |u| = ~r
2
w=e "/

Torna
d
d—;:(x—l)e‘” 2 0°
d 2
/U—s = /(:1: —1)e" 2 dx
_ﬁz_/e—zd( _‘%) =—""2 - (C
Orcroma
9 1
v = =
C+e" 7

[Tosryuaem oOImMi MHTErpasl UCXOIHOTO YPaBHEHU S

2
—X
2 e
Yy =—7=-
C+er 7

3



HO,ZLCT&BI/IM Ha4vaJibHbl€ YCJIOBHA:

| — 1
S O+1
Torma C'=0.
[Tosrygaem perienne 3agaqu Korm:
e
y2 = 22
e’z
WNn
$2
y2 —e T2,
OxoHYaTEIBHO
2zt
Yy = e 4
SBAJJAHUE 2.

a) Haiitu obiiee perreHue ypaBHeHHUsT:

y'ctgr +y = 2.

PEITEHHNE.

Ypasuenne ne cogep:kutr mepemennoit y. Ilycrs p(z) = y/(x). Torma y'(z) = p'(x).
IlogcraBuM B ypaBHEHHE:

pctgr+p=2.

9TO0 ypaBHEHHE C Pa3Ie/sIONIMUICS TepeMeHHbBIMEI. PerruM ero:

dp cosx

dv sz T
r sinx

dp /sinxdm
p—2_ COS T

Inlp—2|= / deosz In|cosz| +InCy

COS T

p—2=Cicosw
p=Cicosx + 2

Urak,
y'(x) = Cicosx + 2.

NuTerpupys 310 paBeHCTBO, HAXOAUM 00IIEe PelleHre NCXOTHOTO YpaBHEHUS:

y(x) = Cysinz + 2z + Cs.

6) Haiiru yacrnoe pemenue auddepenuuanbuoro ypasuenus y°y” + 1 = 0, yuosjaerso-
pstrortiee HadabHBIM yeaousiv y(1) =1, ¢/(1) =0.



PEIIEHNE.
Ypaguenue He cogepxut z . [lycrs y' = p(y). Torna y” = p'p. loacrasum B ypaBHeHue:
y*p'p+1=0.

DTO ypaBHEHHE C PA3Ie/sIONUMUACI epeMeHHbIME. oy daem:

=-1
p dyy
d
=]
Y
P_1 G
2 22 2
1
P’ = ? + O
HTak,
1
(v')* = 7 +C
Ucnoab3yeM HadaabHbIE YCJIOBHS:
1
02 = T +G
Torna C; = —1. [lonyqaem:
1
(y/)Q _ E _
y/ _ 1- y2
Y
Paznenum nmepemenubre:
d
yay d

Vo=l

1 [d(l—y°)
5 T V-2 =2+C

HO,HCT&BI/IM Ha4daJIbHbIC YCJIOBHA:

Torma Cy = —1. Ilonyaaem:

—/1—-y?=—-1+z
Vi—-y?*=1-zx

1—y*=(1—-2)



Penienne ypasuenus:

y=V2ux— 12

SAJTAHUE 3.

Hajitu wacrnoe pemenne mauddepennuansuoro ypaspuennda y” + 10y’ + 34y = —9e

yI0BJIeTBOpsIoNTee HadaabHbIM yeaosusM y(0) =0, 3/(0) = 6.
PEIIEHUE.
XapakTepuCTHYeCKOe ypaBHeHNE:

A2+ 10X +34 = 0.

Kopnu sToro ypasnennsa Ao = —d £ 31.
O6iree pemnrenne OJHOPOJAHOIO YPABHEHUA UMEET BHIL:

Yoo = € % (O} cos 3z + Cysin 37) .

YacTHOe perenne HeOTHOPOIHOTO YPaBHEHUS UIEM B BHUJE:

—bx

Yau = Q€
Haxomum:
r_ -5z,
Yo = —DaE 7]
y! = 25ae” ",

[TogcTaBuM 3TH BHIPAXKEHUSA B ypaBHEHHE:

25ae"%% — 50ae™ + 34ae”" = —9e 0%,

nn
Qae %% = —9e 0%,
Otcroma a = —1.
Urak,
qu — _6751.

Tak Kak oO1ee pereHue HEOHOPOIHOIO ypaBHEHUS UMeeT BU/I:

You = Yoo + Yumu,

TO B HallleM CJIy4ae O6mee penienre ypaBHEHHA:
y = e " (C) cos 3z + Cysin 3z) — e,

JnddepennupyeM 3TO BblparKeHue:

y = —5e """ (C) cos 3x + Cysin 3z) + e (=30 sin 3z + 3C; cos 3z) + He ™ ** =

—5x

=" ((=5C1 +3Cy) cos 3z + (—3C) — 5Cq) sin3x + 5) .

?



Tenepb IOACTAaBUM Ha4daJIbHBIC YCJIOBUA:

01—1:0;
—5C; +3Cy +5 = 6.

Orciona C; =1, Cy = 2. OKkoHYIATEIBHO, PEIIEHHe TMEET BHI;

y = e " (cos3x + 2sin3x — 1).

3AIAHUE 4.

BanucaTh ¢ HEOIPEIeJIeHHBIMA KOYPMPUITHEHTAMI YACTHDBIE PeIIeHUus] HeOIHOPOIHBIX (-
dbepennuanbubx ypaBaenuii (Ko3hbOUIHEHTH He HAXOJIUTS):
a) 4y + 4y +y = (z+2)e 2.

PEHIEHINE.
XapakTepucTuieckoe ypaBHeHue:

AN AN+ 1=0= 2\ +1)? =0.

Kopenn A = —7 KpaTHoCTH 2.

1
[IpaBoit yacTu ypaBHEHHS TaKyKe COOTBETCTBYET KOPEHb A = 5 [ToaTomy dacTHOE
pelenne ypaBHeHusT UMeeT BHU/I:

You = 22 (azx + b)e /2.

6) v+ 4y + 29y = e **(x cos b + x?sin5x) .
PEIIIEHUE.
XapaKTepHCTHIeCKOe ypaBHEeHHe:

A+ 4N +29 = 0.

Ero xopuu Ao = —2 £ 57.
[IpaBoit yacTn ypaBHEHHsI TaKKe COOTBETCTBYET dTa mapa KopHeil. [Tomydaem:

You = v 2 ((a2® + bx + ¢) cos 5x + (fz* + gz + h) sin 5z).

3ATAHUE 5.

—T

e
Haiitn obmiee pemenne ypasuenns 3’ + 2y + 2y = i

PEHIEHNE.

HpI/IMeHI/IM METOoJ BapHuallud ITOCTOAHHDBIX.



XapaKkTepucTuieckoe ypaBHeHue:
N 4204+2=0.

Ero xkopun Ao = —1+£1.
OOiree pernrenne OIHOPOTHOTO YPABHEHUS UMEET BH/I

Yoo = Cre"“cosx + Cye “sinx.
Obmiee pemenue HEOTHOPOSHOIO YPABHCHUS HINEM B BHJIE
y = Ci(x)e *cosz + Cy(x)e “sinzx.
CoracHO METOJLY, HAXOIUM:

(e ®cosz) = —eFcosx —e Tsinz = —e *(cosx + sinx),

(e™sinz) = —e Fsinx + e “cosx = e (cosx — sinx)
1 COCTABJISIEM CHCTEMY:

Cle " cosx + Che " sinz = 0,

—x

_ . _ . €
—Cle "(cosx +sinz) + Che *(cosz — sinz) = ——.
sin x
113 (6) naxomum:
sin @
’r /
Cl — _02 .
COS T
[Moxcrasum B (7):
,sinx ] - ) e %
5 e “(cosx +sinx) + Che *(cosx —sinx) = —.
cos T sin x
Torna
, (sin®z ) 1
s +sinz +cosx —sinz | = —
cos T sin x
CoS T
Cy=—.
sinx
Tormna
cosz dx dsinz ) ~
Cy(x) = , = , = In|sinz| + C.
sin x sin x
Tenepn
C;=—1.
Torna
01 = -+ 01.

[loryaaem obimee perenne ypaBHEHUS:

y=(Cy —x)e “cosx + (In|sinzx| + fC’\;)e_x sin z.



3AJIAHUE 6.
Haiitu obuiee perienne cucreMbl JudpepeHnuaibHbIX YpaBHeHW:

{xé = 9z + 6y

y, = 2x+8y
PEITTEHIE.
3 nepBoro ypaBHeHus
y= (o' — o) 0
Torna
y = é(l’” — 92')

[ToscTaBuM 5TH BBIPAZKEHHsI BO BTOPOE yDABHEHHE CHCTEMBbL:
1 8
6(:10" —92') =2z + a(x/ —9z).

[Hosryuaem ypaBHenue:
2" — 172 4+ 60x = 0.

XapaKkTepucTuieckoe ypaBHEHHUE:

A% — 17X+ 60 = 0.
Ero kopaun Ay =5, Ay = 12. Toraa

r = Cye’ + Core'™.

Haxomuw:
2’ = 5C1e" + 12Ce™.

113 (8) mosyuaem
1 5t 12t 5t 12t 2 s 1w
Yy = 6 (5016 + 12Che " — 9C1e”* — 9Che ) = _3026 + 5026 )

OOIree pernreHne CUCTEMBI HMEET BHI:
r = 01€5t + 02612t

2 1
y = —§0265t+502612t

PSTTHI.
3ATAHUE 7.

HccenoBarh CXOAUMOCTD YHCJAOBBIX PSIIOB:



2. /2n+3\ "
23 (37)
PEIIIEHNE.

[Ipumenum pajaukabublil npusnak Korru:

2n + 3\ 2n + 3\
q—hm a, = lim | (n+ ) zlim(n+ ) =4>1.

BHaYUT, P/l PACXOIUTCH.

= 5" .l
6) Z (2n)! -

n=1

PEITEHHNE.

[Ipumenum npusnak /lasrambepa:

n+1 | |
/= lim U1 _ . 5 (n+1)!I(2n)! 5(n+1)

= = =0<1.
note an  mese (2n+2)5ml neee (20 + 1)(2n + 2)

SHAYNT, PAL CXOTUTCS.

> 2+n
5) Z4+n2—n'

n=1

PEIIEHUIE.

[IpruMeHnM HHTErpaJbHLINA npu3Hax Kormm:

+00 +0o0
/(2+x)dx / 1 2zx-—1 5
22—z +4 2 22—ax+4 2022 —x+4)

1 1
b
y /1 d(xQ—:c'+4)+/ 5dx
= lim St —
b——+oo 2 22—z +4 2((x—%)2+%)
1
5) 2m—1 B
R |
2b—1 ) 1
= 1li In(b* —b+4) —In?2 t ~arctg —— | =
biinm< n( + n —i—\/»arcg 3arcg\/ﬁ) 00

IaTerpan pacxoauTcs, Ce0BATeNbHO, P TOXKE PACXOAUTCSL.

. 1 2 b
= lim <§ln(x —x—|—4)‘1

3AJTATUE 8.
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UccetoBarh psji Ha aDCOMIOTHYIO U YCJIOBHYIO CXOAUMOCTb.

o0

Z(—l)”tg%

n=1

PEIIEHHNE.

Tak Kak IpW MasbIX MOJTOKHUTEIbHBIX T tgx > x, TO tg— > —.
n

n
0o

P Z - pacxonutcst (rapmonudeckuii psit). [Tosromy, o nmpusHakKy CpaBHEHUSI, s

n=1
)

E tg — Tak:ke pacxojgurcs. Vexoaubiii psiji abCOJIFOTHON CXOAMMOCTBIO He 00J1a/1aeT.
n

n=1
[Ipumenum npusnak Jleiibnua.

1) lim a, =0: lim tg— =0 — BepHo.
n— oo n—oo n
2) api1 < ay.
T < ! t 1 <t L
aK KaK —, TO — — — BEPHO.
n+1 " n’ 1 Y8y P
BHauuT, psaja cxoaurced. U, cienoBaresbHO, OH CXOIUTCS YCJIOBHO.

SAJJAHUE 9.

Hajitu obsacTh CXOAUMOCTH CTEIEeHHOIO Psia

i nn/an

— (n+1)!
PEIITEHHE.
[Hentp pana xo = 0. Pajuyc cxoaumocTn:

"/2(n 4 2)! + 2
n"=(n ! n
00 [ani | mee (4 Dl(n + D@02~ ate (=) 1
} n+ 2 1 1 . n+2
= lim = — lim = 00.

Ob6macth cxomumocTn pana (—oo; +00) .
3AJAHUE 10.

Ucnonb3ys pazjozkeHue MoAbIHTerpaabHOl (DYHKIUKE B CTEIEHHOM Psil, BEBIYUCIUTD OIpe-
JieTeHHbI WHTerpaJ ¢ TouHocThio a0 0,001.

1

/e_$2/2 dx.

0

11



PEIIEHNE.

Hcnosb3yem pasiioxkeHune

2 t3 t4
e =1+t+ 5+ -+ ~+..., t€(—00;+00).
2 6 24 ’ ’
22
Bosbmem t = 5 Torma
2 4 6 8
€_x2/2:1_1‘_+l‘__l’_+ v —+ ...,

2 8 48 24-16

DTO paziioZKeHHe UMeeT MeCTO LUPH JIOObIX X .
CreneHHON Psi/i MOXKHO MOYJIEHHO HHTEIPUPOBATH BHYTPU O0JACTH CXOIAMOCTH.

1 1
2 4 6 8
I = mmd:/1—£ Ty T )de=
/6 v ( > "R B w16 v
0 0

3 b 2’ x?

_($_5+26_748+9&M+“>

OcTaToK CXOASIIErocsd 3HAKOUEPEeAYIOMerocsa psaaa 1mo abCOTIOTHON BeJTMYnHe He TIPeBOC-

= (0,00029 < 0,001, To c 3amanHOit

1—1—1+i— L + ! +
a 6 40 T7-48 9.384 7

0

XOJIUT MEPBOr0 OTOPOIIEHHOTO 4ieHa. Tak Kak
TOYHOCTHIO

9-384
1 1 1

Ixl—-4+————=~ .
6+40 7-48 0,855

3AJTAHUE 11.

Haiitu nepsbie k = 4 OTJMYHBIX OT HYJIS YWICHOB PA3JI0KEHUS B CTEIEHHON PsJi PEIleHs

nuddepenuaibaoro ypasaenus y’ = e¥siny’ npu yeaosusx y(w) =1, y'(w) = 5

PEIIEHUE.

Haxomuwm:
1.7
sin — = e.
2

y'(m)=e
Huddepennupysa ypaBHeHHE, TOJIYIHM:

y" (z) = ¥y siny’ + e¥y" cosy/.

Torna
T.w T em
y"(m) = 615 sin 5 + etecos 5= 5
PasziioykeHue B CTEHEHHON P UMeeT BUJL:
1 T " T
(@) = y(w) + v/ @ —m) + L o -2 Ly

12



Torna
e erm
2(x—7r)2+ﬁ(x—7r)3+...

<
=
I
-
_l_
|
8
|
2
+
|

3ATAHUE 12.

Paznoxuts B pax @ypbe B unTepBaie —3 < x < 3 mepuoandeckyio dbyuknuio f(z) c
nepuogioM w = 2[: [ =3,

ﬂ@:{ 3, 3<x<0

—x, O<z<3

PEIITEHUE.
Pan @ypbe umeer BUI:

ap  ~— TNT . Tnx
r)~—+ @y, COS —— + by, sin ——.

Haiiiem ko3puimenTo:

0 3
1 1
aozj/f(:r)dx:§ /Sdzv—l—/—xd:v =
=3 0

1 0 3
1 1
anzj/f(x)cos#dx:§ /SCosmda:—/xcosﬂd:p =
-1 -3 0
u = x; du = dx;
3
dv:cosLmdx; v——smw
™ 3
0 3 3
1 3 . mnx 3 . 7w 3 . TNT
=—-|3-—sin—| — —xsin—| + — [sin—dx | =
3 ™ 3 |3 mn 3 1y m™n
0
1 3 3  mz| 3 3(1 = (=1)")
:§<0—0—%'%COSTO>:—W27L2 (COSTFTL—COSO):T.
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3
-1 —3 0
U= x; du = dx;
dv:—smmd:ﬁ, v icosm
™ 3
3
1 3 ™I 3 anzx|? 3 ™
—| -3+ —cos— + —xcos—| —— [ cos—dx | =
™ 3 5 TN 3 o ™
0
1 9 9 9 3 3 . mnzxl®
=-|—+—cosmm+ —cosmTn — — - — SIn —— =
3 ™ ™ ™ ™ T 3 1
. 3 6 (—1)" = 32(-1)"—1)
- mn ™ N ™

[Toryuaem psj Pypoe:

f() ~ 3 N Z 31—(-1)™)  mnz  32(-1)"—-1) . 7wz

CcoSs + sin =

4 — m2n? 3 ™ 3
3 n 6 T 9 . 7wz n 3 . 7z n 2 3 . n
=—+ —cos— — —sin— + —sin— + —cosTx — —sinwx + ...
4 g2 3 T 3 27 2 372 T
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