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BBEOEHUE

MeToguyeckne ykasaHusa no BbINOSTHEHUIO KOHTPOSbHbIX paboT cocTas-
NeHbl ANna CTyOeHTOB BCeX creumanbHocTen MHCTUTYTa WMHTerpupoBaHHbIX
dopm obydeHus (MADPO), saHMMaOWMXCA NO YCKOPEHHOW nporpamme (Ha
Base TexHuKyma).

3agaHns KOHTPOrbHbIX paboT Ne 3—4 BKkNYaloT OCHOBHbIE pasaernbl Kyp-
ca «Bbicluen matemaTukn»: HeonpeaeneHHbl U onpeaeneHHbIN UHTerparnsl,
BblYMCIiEHME nnowagm nrnockon durypbl, O4HOPOAHbIE WU HEOAHOPOLHble
andpdepeHumnansbHble ypaBHEHUSA BTOPOro nopsgka C NOCTOAHHbLIMU KO-
duymMeHTamm, YNCroBblE N CTENEHHbIE PSAbl, NPUMAOXKEHUS CTENEHHbIX ps-
pos. CTygeHTy npegnaraeTcst BbINONHUTL 12 3agaHuin (8 — B KOHTPOSIbHOW
paboTte Ne 3; 4 — B KOHTposbHOM paboTe Ne 4) n OTBETUTL Ha TeopeTUYECKME
BOMPOCHI.

Kaxxgoe 3agaHve conpoBoXOaeTcsl pelleHnemM nogobHOro npumepa, 4to
NMO3BOJSIUT CTYAEHTY CAMOCTOATESIbHO BbIMOMHUTL MHONBUAYarbHOE 3a4aHue.



KOHTPOJIbHAA PABOTA Ne 3

MeTtoauyeckue YKa3aHuAa n 3aaaHuns

PA3OEJ 1. HeonpepeneHHbIN nHTErpan

PaccmoTpuM npaBuna WHTErpMpoBaHMst HeonpedereHHbIX MPOCTEeNLIMX
nHTerpanos. KpaTtko cMbICn 3a4aHus CBOAUTCS K CrieaytoLLemy.

Mpn nomoLum Nnpeobpas3oBaHUn NPUBECTU MHTErpan k TabnnmyHoMy, 3aTem,
ncnonb3ysi Tabnuuy nHTerpanos, HanTN NepBoobpasHy!o:

[ f(x)dx= F(x)+C,
roe f( x)— nogplHTEerpanoHas yHkuuns; F(x)— nepsoobpasHas; C — npo-
N3BOJSIbHAs NOCTOSIHHAS.

Tabnunua oCHOBHbIX MHTErpanoB AaHa HUXe, rae «a» u « b» — nocTosiH-
Hble KoaddumUMeHTbI, NnpudemM a = 0, a « b» — noboe.

Tabnuua nHTerpanoB

+1 +/
l.j(ax+b)"dX:l(aX+ b) +C; 1. [XTdx= +Cn#l;
a n+1 n+ 1
dx 1 dx
2. =—Inax+ b+ C; 2. |—=In+C;
Izurer a n{ b( I X

3.[ sin(ax+ b)dx= A cos(ax+ b)+ C; 3 | sinxdx=—cos(x)+ C;
a
4.[ cos(ax+ b)dx = ! sin(ax+ b)+ C; 4. [ cosxdx= sinx+ C;
a
5. tg(ax+ b)dx= ——Iltz{ cosax+ ¥+ C; 5. [tgxdx=—Idcosi+ C;
a

6. ctg(ax+ b)dx = 1111{51h(ax+ b)+C: 6 [ctgxdx= Insinx+ C:
a

X X

ZjaXdX:a—+ C; 7 jeaXdX:e—+ C;
Ina a
dx 1 X dx
8| =—arctg—+ C; 8. = arctgx+ C;
X +a’ a a X +1
dx X dx
9.[————==aresin—+ C; 9 = arcsinx+ C;
Na - x° a NI-%°
0] - L. 0.~ 1
¥ —2° 2a |x+a -1 2 |x+1




Y i 11 ] = tex+ C:
cos (aX+ b) a cos” x

12.] 5 dx :—lcz:g(a)ﬁ b)+C. 12 | 5 = —clgx+ C.
sin“ (ax+b) 4 sin” x

1.1. MHTerpmupoBaHue cTeneHHbIX (pyHKUUN

Hanbonee pacnpocTpaHeHHbIM SBSETCA UHTErpan oT CTeneHHOW (PyHK-
uumn (Tabnuua mHTerpanos, c. 4). [nNa BblMUCAEHNA 3TUX UHTErpanoB Heob-
XOANMO 3HaTb crieayroLmne npasuna JeENCTBUIA CO CTENEHAMMN:

gzxm_”; XM x" = x™a. Q/E:X;,
roe m,n — noboe.

YuntbiBasi 9TU Npasuna, pacCMOTPUM BbIYMUCIIEHME MHTErpana oT CTenek-
HOM PYHKUNN:

3X2—5X+ 1 L\‘/?—X3\/TY+20,:

= +
Ik Wi ix
3 3
4 _ ood
= | EX2—5X+ : P *2 dx =
8 1 1
3x4 X2
1
. 4 3.t 1t 1

= | gxz 5X+T+X4 2_x 3242x 2 |dx=

1+1 l+1 z+1 —l+1
3 x Z 1 x4 x4 x6 X
=———-5—+— " 1 5 2 1 +C=
83 2 3 1y Yo Ta i
4 2

X 5, 45 4> 6 o
S N A R B L Y N P e
8§ 2 9 5 13

:%Xz 22 +g\4/X3 _gfm_%w}M@ c.



3adaHue

2, 1 _x3x—4\/;
1. j(gx 3%/;+2 s )
6 13- 3-xJx
5 [ 3 4X+3X2\/}

e

4 j(—7 —%(+ A
3 b
5 I(éX;_%’+5_5X\/?%/—}4X\/?)d

4
6. Vé"4 —%+ 2- 3&5"&)@
] &K x— 3X\/7

7 [ex - M EAR Jx;

8. j(5f—%{+2—%)@

o (i1 1. sl - x3(/_ i
T e

70, J.(4X2_— 2 4\/7+X\/_

A 3 Ay
lNpumeyaHue. 1, 2, 3 n T.4. — HOMep BapuaHTa.

1.2. UHTerpmpoBaHue 3aMeHON NepeMeHHOU

OTOT MEeTO4 UHTErpMpoBaHNA OCHOBaAH Ha BBEAEHUMN B NOAbIHTErpanbHyto
doyHKUMIO HOBOW NepeMEHHON BeNUYUHLI N ee auddepeHunana, npuyem 3a-
MEHy nepemeHHon Heobxoanmo noabupatb Takmm obpas3om, YTobbl B MCXOA-
HOM WHTerpane npucyTcTBoBan auddepeHuman HOBOW NepemMeHHON B SB-
HOM Buae. PaccMOTpUM HECKOSNBbKO NPUMEPOB.



lpumep 1

cos(x)+1=t 1

[3/cos(x+1)sin xdx= |dt = — sin( x )dx = R/—t(—df)Z —[ fgdf:

sin xdx = —dt

= %%/(COSX-F 1)4 + C.

+C=

~
W\-h‘ w A

lpumep 2
X eX =t
¢ S dx= = | dtz = arctgt + C= arctge™ + C.
1+ ¥ dr=e*d 1+¢
lpumep 3
Inx=t
| dx = d =jit:111t+C=]11]11X+C.
xlnx |dt=— t
X

3ameyvaHue. Nocne BBeAeHNS HOBOW NEPEMEHHOW U BbIYUCNEHUSA UHTE-
rpana Heob6xoaMMo BEPHYTLCH K UCXOLHOW NepeMeHHON.

3agaHue
COS X 3/ o
1. a —dx; 0) | NVx° +2xdx;
/ J‘\3/1+Sinx )
2
2. a) jex sine*dx; 6) '4 ’; d;
3 lnx—Sd _ VA +3
. a) j X - 6) 2x° cosx4dx,'
dx . 2
4. a) J‘3\/tgx > 6) xe ™ dx;
cos” x :




. 3 .
5 a) &gzxdx; ) xztgx3dx;
Y 1l+x ' .
o * e
6. a) (1+cos2 X ) sin2xdx; 0) 1+ 2% dx;
. “l+e
7 o) [ 3 4 6) ..x35\/ 5x¥ +1dx;
* X
X
* e
8. a)|—5—dx; 6) | xdx .
Y cos” e 241
i
9. q)[HSIX b 6) [(x*+4)0x%dx;
' \/l—x2
2
10. a)jl” x=Sinx . 6) j\4/x4+4x(x3+1)dx.
X

1.3. UHTerpupoBaHue no 4yactam

dopmMyna MHTerpupoBaHusi no vactsm uveet sua [ UdV=U- V- [ VdU, T.e.
McxopHbIn uHTerpan | f(x )Jdx Mbl OOIDKHbI, BBEAS HOBble (PyHKUMM U u V,
NnpeacTaBnTb B BMAOE j UdV , a 3aTeM NocTpouTb NpaByto YacTb cdopMynbl. 1o
Takon (popmyrie BblUUCHAIOTCS wHTerpanbl Buga: | x” sinxdx, [ x"e*dx;

jX” cos xdx; Npu4emM BMECTO X MOXET BbITb NIMHENHAA NoACTaHOBKa (ax + b)

B aToM cnyuae creneHHas dyHkuus x” obosHavaeTcs yHkunen U,
a dV — Bce ocTanbHble MHOXUTENW. [Mpnyem popmyny MHTErpnpoBaHus rno
4acTAM MOXXHO MPUMEHSATb MHOMOKpaTHO, Hanpumep, B BbllleyKa3aHHbIX WH-
Terpanax goopmysly Heo6xoauMo NPUMEHUTb « 11%» pas.

lpumep 1

x=U;dx=dU,
X .

[ xcos2 xdx=|cos2xdx=dV |= 5 SIH2X—%J sin?2 xdx = §51b2x+i cos2x+ C.

VzlsinZX
2

Kpome ykasaHHbIX MHTerpasioB no 9Ton Xxe popMyre BblYUCIIATCHA UHTEe-
rpansl Buga: [ Inxdx; | arctgxdx; | arcsin xdx v T.n.

8



lpumep 2
dx

arctgx=U,; dU =
arctgxdx = & 1+ x*| = xarctgx— Xx
X
dV=dx V=x I+
1+ x° = t;
1.dr 1 1
= xarctgx—|dt = 2 xdx; —Ej—t = Xarcz:gx—gln t+C= Xarcth—EI%I + Xz‘ + C.
xdx = la’t
2
lpumep 3
dx
n5x=U; dU="";
[ In5xdx = X x | = XIHSX—IX_dX:
dx=dV; x=V X

= xIn5x—[dx= xIn5x— x+ C.

3adaHue

[2x cos 3x + In xdx;,

2. [(5x—1)sin2x + arctgxdx,
3. A —x)e>* + In3xdx;

4. [(x+3)sin g + arcsin xdx;
5. [(x=2)e Pdx+In(x+1)dx;
6. j(x+1)c0s4x+arctg§dx;

7. [(x—3)sin3xdx+In(2+ x)dx;
8. [(4—x)e "dx+arctg(2x+1)dx;

9. [(2x-3) cos% + arcsin 2xdx;

10, [(1=3x)e* +In(x+4)dx.



1.4. UHTerpupoBaHue paunoHanbHbIX apooden

PaunoHanbHon ApoObto Ha3bIBaeTCs BblpaXkeHne Bnaa

Qm( x)
Ra(x)’

roe Qm(x)wn Rn( x)— paumoHarnbHble MHOrOYNEeHbl CTENEHN m U 1.
Ecnn m> n, To apobb Ha3bIBaeTCs HEMPaBUNbHON, €CN m < n, TO APObb

— npaBuWIbHasi.
NHTerpmpytoTcs TONbKO NpaBurbHble Apobu, NO3TOMY, €cnin Noa UHTerpa-

nomMm Apobb HenpaBunbHasi, TO ee HeobXxoauMo NPeacTaBUTb B BUAE CYMMb

Liernon YacTu 1 npaBunbHON ApobK, a 3aTeM BbINONHATb MHTErPUPOBaHUE.

lMpumep 1
Ilon wHT erpaiom HenpaBHIbHASL JpPOOB.
Bepresmm  genyro 4acr b
e X —3x+2
X+ 3—qgeinag 4Yacr b
;—“ dx = X —3x +2x =
—3x+2
] 3x° —2x
3x° —9x+6
7x+ 6 — ocr ar ok
=[(x+3+ 7X—+6)dx.
X —3x+2

PaccmoTpum Tenepb MHTErpupoBaHme npaBunibHon Apobu. [na atoro ee
HaZo NpeacTaBuUTb B BUOE CYMMbI NPOCTENLLMX Apoben:

7x+6 7x+6 A N B Ax-2A+ Bx-B
2 -3x+2 (x-1)x-2) x-1 x-2 (x-1)(x-2)°
7x+6

rae A n B — HeonpeneneHHble KO3PUUMEHTbI, TaK Kak =

(x—1)(x+2)

10



_ (A+ B)x+(-2A-B)
O (x=1)(x-2)

rny4yaem cuctemy:

, TO onga onpegerneHna koapguumeHtos A u B no-

= —A=13;B=20.

A+ B=17
-2A-B=6

Takum obpasom, npasunbHasa Apobb NpeacTaBnseTca CyMMON ABYX Mpo-
cTenwmnx gpoben:
Tx+6 _—13 20

(X—LXX—Z)_ r—f+X—2'

BbinonHum Tenepb MHTErPUPOBaHUE UCXOOHOIO UHTerpana:

J‘idX=j(X+3+7X—+6)dX=I(X+3)dX+I Tx+6 dx=
X —3x+2 X =3x+2 (x=1)(x-2)
:é+3x+j_—l3dx+j 20 dx= X +3x-13/nx—1/+20/dx-2/+ C.
2 x—1 x—2 2

MHTeI'pVIpOBaHVIe KBaapaTHOro Tpex4ysnieHa BblIMTHAM MyTeM BblAEeNeHnA
NOJNMHOIro KBagparta un npmBegeHmnAa ncXogHoro nHterparna K Ta6J'IVI‘-IHOMy.

lpumep 2
] o = ax = ézrcz:gX—Jrl + C.
X +2x+5 (x+1) +2° 2
lMpumep 3
dx Ny dx :l%x+2—l C:lmFil+Ct
X +4x+3 (x+2)0 -1 2 |x+2+1 2 |x+3

lpumep 4
dx . x+1

dx
| = arcsin—+C
o ox J4 (x+1 ) Jz —(x+1 P 2

11



3agaHue

X —3x+1
1. a) X, 6) | —
JAx2—5x+6 I 2+4x+8
2 a) 3x +2x° ——ld - 6) I dx
* x —3x+2
~4x —2x+3
3. a) dx; 5)
'X —Tx+12 'w/—x —2x
4 a) - 5x* -—3x4—4ci’ 6) ,
'x —5x+6 'x +6x+13
~3x —k4x -1
5. a) dx; 6) =
Tox?—4x+3 'V3+2x x?
L4 2
6. a) x:£+2x _F3ak; 6)
" x"-3x-4 ) x? —4x—12
. 4 2
7 a) 5x7 +3x _+1d%; 6) dx ’
2 2
x°—4x-5 X" +4x
4 3
g a) x:-+6x 4—20k; 6) I 2 _
X2 —5x 6 +8x+17
3t 3 +2 dx
9. a) X, 6) ;
Ix aes I\/S—x2+2x
10. a) I4x +3x° —Fde- 6) j_________
2
—7x+10 2x+3

PA3OEJ 2. OnpeaeneHHbIU UHTErparn

OnpegeneHHbI UHTerpan ¢ NOCTOAHHLIMU NpeaenamMmn UHTErpupoBaHUs
nveeT BUA;

b
[ f(x)dx,

roe a — HWKHUA npegen UHTEerpupoBaHus; b — BEpXHUN npeden UHTerpupo-
BaHu4; f(x) — nogblHTerpanbHasa yHKUNS.

12



Bblumcngaetca onpeneneHHbin nHterpasn no opmyrne HetotoHa—llenbHuua:
b b
If(X)dx=F(X)\a =F(b)-F(a),
a

T.€. 4N4 BblUMCIEHNs HeobxoaMmo HanTu nepBoobpasHyo F(x), noacTaBumB

BMECTO x BepxHUW npefen ”bH” n BblMECTb 3HAYeHue nepBoobpasHoOM npu
X=a.

lMpumep 1
o 2 7|2
2 4—+/x ~ 4x3  x6
(2x — Ddx = [(2x — 4x3+x6)dx (x — + ) =
e a 7
3 6 |1

:(4—6%/Z+22Q/§)—(1—6+g)=8%—6%/Z+22Q/§.

I'Ipm BbIHUCJIEHUN oOMNpeaerieHHoOro MunHrterpana 3amMeHomn nepeMeHHbIX

HeobXxo4MMO BBOOMTL HOBblE Mpeferbl UHTErpupoBaHus, COOTBETCTBYOLLME
HOBOW NEePEMEHHOMN.

lpumep 2

sinx+1=t 2
/2 3

[ 1+ sin x cos xdx = |dt = cos xdx f\/—dt——tz
0

tH :1,'IB =2 I 1

303
22(22 _12)22(2\/5—1).

Bbluncnenue onpeneneHHoro nHTerparsia rno 4YacTtsam.

lpumep 3
1 x=U; dx=dU Il
2x X 2x 2x
xe " dx = =—e”| ——|e"Tdx=
({ e*dx =dV; Vz%ezx 27 o 2({
1 1 2
Lo g loxp Lo g 1 ox 1o 1o e
2 4 |, 2 4 |, 4 4

13



l. a) J‘(3x—g+xcos2x)dx; ) .x/2+sinxcosxdx;
0
1 €, 3 3
1 .
2 a) I(sz—%s/x“—xe“)jodx; 6) In x+x/lnx+1dx
0 0 o
1 3x2 1 o~
3. a) (4x2———(x+1)sin2x)dx; j dx
Y 4 1+e2*
0
1. 1
4 a) [(3x =243 —(x=2)e* Ja: 6) [,
b 0 l—ezx
13 3o
r t 3t
5 a) (x—+3\/;+(5x+1)cos2x)dx; 0) .[ gx gxdx;
0 4 cos® x
3 7[/6
6. a) I(£+6x—2xsin3x)dx,' 6) I cosx
0 3 sin® x — 4
1
7. a) I(5x4—33\/x2 +e3x5x)dx; ) J. d dx;
4/ 34 2
0 oVX cosS X
1 1
8. a) [ (36> 24 ~(x-2)e¥ ), 6) [Ytg(x3x dx;
0 0
1 70 cosxdx
9. a) J‘(6x3—3%/;+(x+1)cos2x)dx; ) J
0 0 1+ sin® x
1 e
10. ) [(3x% ~ 242 —(x—2)sin ¥ )ae;  6) [T
0 2 L (1+(n x)

3adaHue
3

T

PA3EN 3. BbluucneHue nnowaam nyockon opurypbl

NocnepoBaTenbHOCTL BbIYMCIIEHUS NSOWAAN MOCKOM purypbl onpege-
NEeHHbIM MHTErpanom crneaywouwas (PUCYHOK):

1) Haxo4nM TOYKM NepecedeHunst 3agaHHbIX NINHUI;

2) Haxo4MM TOYKM NepeceveHns NIMHUIA C KOOPAUHATHBIMU OCSIMU;

3) cTponm 0611acTb, OrpaHUYEHHYIO NMUHUAMMK Ha nnockocTn XOY;

4) coctaBnmM onpeaesnieHHbIn MHTerpasn 1 Bbl4UCIUM UCKOMYIO MioLwiab.

14



lpumep 1

Hantn nnowaab, orpaHUYeHHYI0 NMUHUAMU Y = X —3x+ 2, y=x—-1.
Haxogum Toukn nepecedyeHus nuHui. [na 9TOoro npupaBHAeM Mpasble
4acTun ypaBHEHUN:

X -3x+2=x-1= X —4x+3=0,x, =2%1;, x=1; x=3,

T.€. ToYKM nepecedeHns A(1;0); B(3;2) (pUCYHOK)
CTtpoum 3agaHHble NUHUK Ha nnockoctn XOY:

e TOYKM NepeceveHus napabonbl: y= ¥ —3x+2 ¢ ocbio OX:
X2 —3x+2=0; xp =1 Xy =2;

e Yyepe3 Toyku A 1 B nposoamm npsmyto. Hepes Toukn x; =1, x» =2 Ha

ocn OX u Toukm A n B nposoamm napabony. MNonyvyaem obnactb, orpaHNYeH-
HYIO NIMHMAMUN, NNoWwaab KOTOPON HEOBXOOUMO BbIMUCIIUTD;
e COCTaBnseM onpeneneHHbIN nHTerpan:

Xp
S= [(y—yy)dx,
X

a

rae y; — NuUHWA, orpaHnymBatoLLlas obnactb CBepXy; J» — JIMHUA, OrpaHn4n-
BatoLlas obnacTtb cHu3y; X, — HauMeHbLLEee 3Ha4YeHe nepemMeHHon x B 00-
nactu; X — Hanbonbllee 3Ha4yeHne nepemMeHHon x B obnactu.

|
\ |
' O PR S

-5 1 e 3 23 33

— 1

PucyHok

15



B Hawewm cnyvae:
3
3 ) 3 5 3 x3 5
S=[((x~1)~(x"=3x+2))dx=[1(~x +4x—3)=j(—?+2x -3x) =
1 1 )

:(—9+18—9)—(_?1+2—3):1§(eﬂz).

3adaHue

Bbluncnnts nnowags, orpaHn4yeHHy JIMHNAMN:

. a)y=x*—4x+3; y=x-1. 6) y=x>—4x; y=-x°.
2. a)y:x2—5x+6; y=x—-2. ) y=6x—x2,' y=x2—2x.
3. a)y=x2—6x+8; y=2-x 6) y=x2—2x; y=4x—x2.
4, a)y=x2—5x+4; y=2-2x. 0) y=x2—7x; y=3x—x2.
S. a)y=x2—7x+10; y=2-x. 0) y:x2—2x,' y:—xz.
6. a)y=x2—9x+l4; y=4-2x. 0 ) y:4x—2x2; y:x2—2x.
7. a)y=x2—9x+18; y=8-2x. 0 ) y=6x—x2; y=—x2.
8. a)y=x2—7x+12; y=6-2x. 0) y:xz,' y:4x—x2.
9. a)y:x2—6x+5; y=—x-1. 0) yzzx_x2’. y=x2—4x.

10. a)y=x2—10x+16; y=4-2x. 0) y=x2+4x; y=2x—x2.

TeopeTnyeckue Bonpochbl Kk pasgenam 1-3

1. HeonpegeneHHbINn UHTErpar, ero CBOMCTBa.

2. IHTerpmpoBaHne 3aMeHon NepeMeHHON.

3. dopmyna MHTErpupoBaHNA Mo YacTaM, TUMbl MHTErpasnos, KOTOPbIE Bbl-
YNCNAKTCSA MO 3TOM hopmyne.

4. OnpeaeneHHbIn nHTerpan, ero ceonctea. Popmyna HetotoHa—llenbHuua.

5. IHTerpupoBaHne onpeaenieHHoro uHterpasna 3aMmeHom nepemMeHHOm U
Nno YyacTsm.

6. Cxema BblMMCNEHUS Mowaan Nnockon curypbl onpeaeneHHbIM UHTe-
rpanom, HaxoXxaeHne npenenoB MHTErPUPOBaHUS, NOCTPOEHWE NoabiHTerpanb-
HOW pyHKUMN.
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PA3OEN 4. OuddepeHumanbHble ypaBHEHUA BTOPOro nopsaka
C NOCTOAAHHbIMU KO3hpuLumneHTammn

OndpdepeHunanbHbIM ypaBHEHMEM Ha3biBAETCA COOTHOLLEHWE, CBS3blBa-
lolee He3aBMCUMYIO MEPEMEHHYI0 X, HE3aBUCUMYIO (DYHKUMIO Yy, U ee Mpo-

nseogHble y', y'' n 1.40. [Nopsgok ypaBHEHUS paBeH NOPALKY HauBbICLLEW
NPOW3BOLAHOMN.

PaccmoTpum ypaBHeHue |l-ro nopsigka:
y'+ay+by= f(x), (1)

roe a, b — nocTosiHHble AeucTBUTEenbHble KO3MUUUEHTbI; f(x) — HEeUs-

BeCTHas pyHKLUMA.
YpaBHeHue (1) gononHaeTca HavYanbHbIMU YCNOBUSIMA

N0)=yp: ¥ (0)= yp; (2)
PelweHne ypaBHeHus (1) viem B BUOe CyMMbI:
_ *
y=y+r,
roe y — peweHne ogHOpPOLHOro ypaBHEHUS

y'+ay+by=0, (3)

*
y — 4acTHoe peLlueHue ypasHeHus (1)

4.1. OgHopoaHoe audcepeHunanbHOe ypaBHEHME
BTOPOro nopsigka ¢ NOCTOSAHHbIMU KO3dhpuumeHTamm

PeweHune ypaBHeHus (2) — vwem B Buge y= ek", Torga gns onpenene-

HUSA YMcna & nony4yaem xapaKkTepuCTUYEeCKoe ypaBHEHME:

k2+ak+b:0, (4)

peweHne KoToporo nmeeTt Buna:

2
ky=—2+ 2 —p=-24+D.
27 27V 4 2

PaccMoTpuM Tpu criyvas peLleHns XxapakTepucTUYECKOro ypaBHEHMS.
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1-u cnyyau:

D>0, m.e. KOPHU XxapaKmepucmu4ecKo20 ypaeHeHus1 delicmeu-

& &

menbHble U pasHble k| # k,. Toraa obe dyHkumm el n e2* ynosnetso-

PAT ypaBHeHUo (3), 1 obuiee pelleHne nmeeT Bua
y=C e+ o elx
[nNs HaxoXgeHus YacTHOro pelleHna HeobxoauMO MCNosib30BaThb YCIIO-
BUA (2).
lMpumep

Haimu yacmHoe peweHue:

y'-5y+4y=0.
HavanbHble ycnosua (0 )=1.

PeweHue
CooTBeTCTBYIOLLEE XapaKTEPUCTUYECKOE YpaBHEHNE UMEET BUA,:

K -5k+4=0,

kopHu k =1; k» =4 — fencTBUTENbHbIE U Pa3HbIE.
PelwweHve gudpdepeHumnanbHOro ypaBHeHUS:

y=CGe* + Gyt
Hangem y:
V= Ce* +4Cy .

[MoacTtaBnas HangeHHble y(x) U y/(x) B HavarnbHble YCNOBUA, MONYy4YnUMm
cucTemy ans onpeneneHns noctosHHbiX Gy n G5 :

Cl + CZ =1,
C+4C, =2.
OTcropa

1
, G =

2
C, =— <
273 3

Toraa yacTHoe peLleHne NCXOQHOro ypaBHEHUS MPUMET BUA;:

I v 2 ax
x)=—e +—¢ .
n(x) 3 3

18



2-u cnyyau:

D=0, KOpHU Xxapakmepucmu4yecKo20 ypaeHeHusi delicmeumerib-
Hble U paeHble:

k =k =k,
n obllee peLLeHne 3annucbiBaeTcs B BUAE:
y=(C +C>x)e™.

lMpumep

HawnTtn 4yacTHoe pelueHne ypaBHEHUS:

y'4y+4y=0,
C Ha4allbHbIMUA YCITOBUAMN.

n0)=2; y(0)=1.
PeweHue
CocTaBuUM XapakTepucTMyeCcKoe ypaBHEHUE:

K +4k+4=0,
€ro KOpHW paBHbI:

](1 = [(2 = —2 .
CnepoBaTenbHO, obLlee peweHne nMeeT BmAa;

Wx)=(G + Cyx)e 2.
Hangem y'(x):
Y(x)=Ce =26 2(G + Gx).

C y4eTOM HayvanbHbIX YCIOBMI NONYy4YMM CUCTEMY:

G =2
G -2C =1,
T.. C; =5 M 4acTHoe peLleHne NpumeT Bua;

W(x)=(2+5x) 2"
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3-u cnyyai:

D<0, @ amomMm criy4ae KOPHU XapaKmepucmu4yeckKo20 YPaeHeHUs
KOMIJIEKCHbIe:!

KI,Z =ox BI',
n obLlee peLleHe ogHOpPOAHOro AnddepeHLmansHOro ypaBHeHUA UMeEET BUA:
N x)=e*(C cosPx+ C, sinfx).

lpumep
HanTtu obuwee pelleHne ypaBHEHUS:

V'+4y+13y=0.
PeweHue

COoOTBETCTBYIOLLEE XapaKTEPUCTMYECKOE YpaBHEHME

P +4k+13=0.
N ero KOpHVI KOMIMJ1EeKCHbIe.

kp=-2%31, a=-2; B=3.

Torpna obulee pelleHne 3anuLieTcs B BUAE:

W(x)=e25(C cos3x+ Cy sin3x).

3adaHue
lLa)y"'=5y+4y=0;,(0)=1,)'(0)=2; 6)y"-2y+y=0,y(0)=)"(0)=2;
2.a)y'"-6y'=0,y(0)=3,y'(0)=4, 6)y'-4y'+4y=0;,y(0)=y'(0)=3;
3.a)y'"'-4y=0,y(0)=1,y'(0)=2; 6)y'"+4y'+4y =0, y(0)=y'(0) =2,
4a)y’'-y'=0,y(0)=3;)'(0)=4, 6)y'"-6y'+9y=0,y(0)=y"(0) =2,

5.a) y'-3y'+2y=0;y(0)=1;y'(0)=2;  06)y"+6y'9y=0,y(0)=y'(0)=4,
6.a)y"'-4y'+3y=0;y(0)=2;y'(0) =1, 6)y"+2y'+y=0,3(0)=y'(0)=3;
7.a)y"—6y'+5y=0;y(0)=3,y'(0)=1; 0)y"+8y'+16y=0;y(0)=y"(0)=2;
8.a)y'-7y'+6y=0;y(0)=3,y'(0)=4; 0)y'"'-10y'+25y =0, y(0)=y'(0)=3;
9.0)y"-8y'+12y=0;(0)=2,y'(0)=1; 6)y"+14y'+49y=0,3(0)=y"(0)=4;
10.a) y"'+8y'+15y=0,y(0)=3;y'(0)=2; 6)y"=12y'+36y=0,y(0)='(0)=35.
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4.2. HeogHopoaHoe anddepeHUuManbLHoe ypaBHEHNEe
BTOPOro nopsigka ¢ NnoCToOAHHbIMU Ko3dpnumeHTammn

PaccmoTpum nocTpoeHue obLuero peweHns ypasHeHns (1).
PelwleHne aTOro ypaBHeHNa nmeeT BUA;:

Hx)=F(x)+y (x),

npuyeMm y — pelleHne COOTBETCTBYHOLLEro OAHOPOAHOrO ypaBHEHUs (CM.
nogpasaen 4.1).

[ns HaxoXaeHns QyHKUMn y$( X ) BOCMNonb3yemcs metogom nogodopa.

o *
PaccmoTpum npoctenwive cnydam, korga Bolbop oyHKUUKM y (x) He 3a-

BUCUT OT peLleHnda ogHoOpOoaHOro ypaBHEHUA.
I'Ipep,nono>|<|/|M, YTO MNnpaBad 4YacTb ypaBHEHUA UMEET BUA:

fi(x)=ae™ ;(a#k, ), Torpa ¥ (x)= Ae™™ ( A — HeonpeaeneHHble Ko-
apPuUUNEHTDI);
n . * n .
hH(x)=Yax';(a#0) Torga y (x)=Y A:x' (A — HeonpepaerneHHble
=0 =1
KO9(pPpULMEHTHI);

K(x)=asmPx;(B+ k, ) T0rAa y*(X)= A sinBx+ A cosPx (4,4 —
HeonpeaeneHHble KO3 UUMNEHTDI);
kj » — KOPHY XapaKTepUCTNYECKOTO YpaBHEHMS.

lpumep 1
HanTtu yacTHoe pelleHne ypaBHEHUS:

y'2y+y=3e"";
C Ha4aJlbHbIMUN YCITOBUAMMU:

N0)=1;y'(0)=3.
Mckomoe pelueHne nmeet Bua:
Hx)=J(x)+ ¥ (x);
W x)=e*(C + C,x) (cm. nogpasa. 4.1)

y"(x) BbIGEPEM B BUAE:
*

y = Ae*.
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Haxogum nponsBogHble:
Y(x)=2A"%; y' =4 Ac**

1 NoACTaBMsIEM B NEBYIO YaCTb YPaBHEHUS:
4 ALY — 4 AT + APX =367,

* A 22X

otctoga A=3n y (x)=3e"".

CneposatenbHo, obulee pelleHne HeO4HOPOAHOro ypaBHEHNS:
y(x) = (C; + Cyx)e* +3e** .
Hangem y'(x):
V(x)=Cye* +(C + Cyx)e* + 66,
N NOACTaBMM B Ha4arbHbIE€ YCIOBUS:

G +3=1;

G+ +6=3,
Toraa YacTHOe pelleHne OKOH4YaTenbHO NPUMET BUA:

y=3e>* - (1+2x)e".

lpumep 2

HanTtu yacTHoe pelueHue:
V'2y+3y=3x" +4,
C HayasibHbIMU YCNOBUAMMN:
70)=3;y(0)=5.

PeweHue
Obuwee peweHne NMeeT BUA;:
_ *
Nx)=y+y,
y=Cie* + e’ (cm. nogpasgen 4.1).
y$(X) BblOMpaem B BUAE:
¥ (x)= A¥ + Bx+ C.
roe A B,C — HeonpeaeneHHble KOahpUUMEHTHI.
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Haxogum y'(x)wn y'(x):
Y(x)=2Ax+ B;y'=2A.

HarngeHHble 3Ha4YeHMs NoAcTaBnsieM B JIEBYHO YacTb YPaBHEHUSI:

2A-2( Ax+ B)-3(Ax* + Bx+ C)=3x* +4;

—3AY +(—2A-3B)x+(2A-2B-3C)=3x" +4.
[MpupaBHMBaeM KOI(PPUUMEHTBLI MPU OAUHAKOBLIX CTEMEHAX X:

/j -3A4=3 T.e
i —-2A-3B=0 AZ_L.Bz_z;Cz—E.
X A-2B-3C=4 3 ?

CnepoBaTenbHO, o0Lee pewleHne nMeeT BUA;:
y=Ce X+ et - X 355

Haxogum nponsBogHyto:

Y=-Ce X +3C,e* - 2x—§.

C y4yeToM Ha4vanbHbIX YCNOBUWI, NONYYNUM CUCTEMY:

1
C'l+C2—30=3, T .C.
5 22
2 q:—"CZ =’
~GH3G-S=5 3 9

cnepnoBaTtesibHO, YaCcTHOEe pelleHne nMmeet Bua.

:ée—x ge3X_X2 2 10

Y +

3adaHue

Hantn 4vacTHble pelleHus, yOOBNeTBOPSAOWME HavanbHbIM YCNOBUAM
(HavanbHble ycnosua ons obonx ypaBHEHUI OOUHAKOBBI):
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1.a)y'-3y+2y=4e>";  w0)=y(0)=2 1.6)y"2y'+y=3x>+6;

2.a)y"-5y'=6e**; H0)=y(0)=3  2.6)y"+4y'+3y =5—x+ x°;
3.a) Yty =2¢"; H0)=y(0)=1  3.6)y"-3y+2y=4-2x-x7,
4.a)y'=5y+6y=3¢";  ¥0)=y(0)=3  4.6)y"—6y+9y=3x+22" +5;
5.a)y"+y'=5e"; 0)=y(0)=5 56)y"-T7y'+12y =x+4x> —6;
6.a)y"—4y+dy=c*;  ¥0)=y(0)=2 6.6))y"-4y+3y=3x"+Tx;

7.a)y"-6y'+8y =3e*; W0 )=y'(0)=3 7.6)y"-5y'+4y =3 —4x2;
8.a)y"-7y'+10y=2e>*;  y0)=y(0)=2 8.6)y"-8y'+15y =6x> —Tx;
9.a)y"-3y'-4y=3¢%;  y0)=y(0)=4 9.6)y"-7y'-8y =3 —4x>;
10.a)y"—7y'+6y:563x; n0)=y(0)=2 10.6) y"—9y'+14y:4x2+4x+1.

TeopeTuuyeckne Bonpochl K pasgeny 4

1. OnpegeneHne gnddepeHunanbHOro ypaBHEHNS, HaYarnbHbIE YCIOBUS.

2. CtpykTypa obuwero peweHus gudpdepeHunansHOro ypaBHeHUs BTOPO-
ro nopsigka, YacTHoe peLueHue.

3. OgHopoaHoe anddepeHumarnbHoe ypaBHEHUE C MOCTOAHHLIMU KO3(-
durumneHTammn, xapakTepucTn4eckoe ypaBHeHMe.

4. Tpn cny4vasa peLLeHns XxapakTepucTUYecKoro ypaBHEHUS U COOTBETCTBYHO-
LLiee obulee pelleHne 0gHOPOOHOrO YpaBHEHUS.

5. CTpykTypa obuero peweHus guddepeHunanbHOro ypaBHeHUs BTOPO-
ro nopsgka.

6. MeTog noabopa 4YacTHOro pelleHna HeogHopoaHoro anddepeHuynans-
HOro ypaBHEHWSA C MOCTOAHHBLIMU KO3(hpULMeHTamu.

KOHTPOJIbHASAA PABOTA N2 4
MeToanyeckue ykasaHms U 3agaHus
PA3OEJ 1. YucnoBble psaabl

UncnosbiM psgom HasbiBaeTcs 6eckoHeYyHasi Cymma 4YrieHoB nocrnenosa-
TENbHOCTU:

o0
u + U+t u, = U
=1
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Heob6xo0umbIl npu3HaK cXo0OMMOCTN 3HAKOMOCTOSIHHOIO YKCIOBOro psaa:
fimu, =0.

Ecnn aTOT npu3Hak He BbINOMHAETCS, 3HAYUT PAL pacxoguTcA.

JocmamoyHble npu3Haku CXOANMOCTU YUCIOBOro paga.
o0

1. MpusHak Janambepa: nycTb UMeeTca psa . u;, Toraa, ecnu
=1

Upyl _

[im
n—o Up

q,

TO Npu g<1 — psag cxoamtcd, npu q>1 — psg pacxogutcsa, npu g=1 — Heonpe-
AEeneHHOCTb.
2. PagukanbHbin npusHak Kowwm: ecnu  fim {u, = g, 170 npn q<1 — pag
1—>0
cxoautes, npu g>1 — pag pacxogutcsd, npy q=1 — HeonpeaeneHHOCTb.

o0
3. NHTerpanbHbi NpusHak Koww: ecnu [u,dn cywectByeT, TO psia CXo-
1
AUTCS, €CN NHTErpan He CyLecTBYeT — Psif pacXxoauTcs.

o0 o0
4. lpnsHak cpaBHeHUA: ecnn . v, CXOAUTCA U U, < V,, TO > u, TaKkke
n=l1 n=1

o0 o0
CXOOUTCHA, ecnn Y. v, pacxoautcaun u, = v,, To > u, Takke pacxoguTcs.
n=1 n=1
o0

A
[ins npu3Haka cpaBHEeHWs YacTo ucnonb3yetcs > —, ecnn g>1 — psg

n=l n
cxoguted, q<1 — pag pacxoguTcs.
lMpumep 1
MpymeHum npusHak Janambepa:
PR U 2" n+1)1 2

Uy = ; im im =
" (n+1)+1)! n50 u, now 2" (n+2)! nown+?2

TaK Kak npegen MeHblle eanHnilbl, TO pAag CXOOAUTCA.

25



lpumep 2

n o
Z—H. MpMeHnM paguKkanbHbIN Npu3Hak Kowwu:
2

n on 1
Iim 11— = [im — = — — psAA CXoOUTCS.
\ 27 2

11—>0 11— 2

3ameyvaHue. Iim ¥n= tim Q/I =1.
n—>0 n—> 0 a
lpumep 3
o0 —
> fnn-1 . MpuMmeHuM nHTerpanbHbIi NpusHak Kowu:
n=1 11
Inx—1=1
dx 0

© Inx—1 dt=— o0 2

[y = x |=[wi="—| =w,

1 X Z'O = Q0 -1 2 1

n=-1

Tak Kak MHTerparn He CyLLUEeCcTBYET, TO psia PacxoauTCs.

lpumep 4
. 1 )
> SH;H. CpaBHum psig C 2—2, KOTOpPbIM CXOOUTCA, TaK Kak

n n

sSinn
TO 2—2 TakKke cXoauTcs.
n

TeopeTuyeckue Bonpochkl Kk pasgeny 1

1. Heobxoanmblin npu3Hak cXoaMMOCTM YMCIIOBOro psiaa.
2. locTtaTto4HbI NpusHak Janambepa.

3. PagukanbHbln npmnsHak Kowwn.

4. InTerpanbHbi npuaHak Kowww.

5. MNMpusHak cpaBHEHUA.
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3adaHue

Beinucatb TpU NepBbIX YreHa n nccriegoBatb CXOANMMOCTb YNCIIOBbLIX pAOOB:

=00 211
o= - 1!
11=00 51’1—1

2. a) 22—;
=1n”~-(n—1)!
Nn=00 3I’l+2

3. a) X ;
n=1(n—=>5)!
=00 2n

4. a) 2

n§1n-(n+1)/;

> a) Z_lln/(n+1);
=0 p?
6. a) Z n +1

=l+/n- 3”

12_002 n+2 HZ

7. a :
) Z_:l 3211—
n=0023" 1 _

T
n=o0(25 )/

9. a) X ( n)z;
n=1(n!)
n=op!(n+1)!

10. T

T

PA3LOEN 2. CteneHHble pAaabl

CTeneHHble psabl UMEeT BUA;
=00

> a,x" — psano cTeneHsaM X;

n=0
11=00

6) % 22,

n=1 11

— 3

n=o  4p
) L3
n=1(n"+4)
H—w‘smtz{

,Hf

2

6)

H‘ P cos

I

6)

> a,(x— xy)"— paa no cteneHam (x-Xo).

n=0
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CTeneHHOM psig CXOOUTCA Ha HEKOTOPOM WHTepBane (—R,R), KOTopbIn

Ha3blBaeTCcs 06nacTbio CXOOMMOCTU, TO eCTb ANnd Noboro 3HaYeHust x U3 UH-
TepBana (—R, R) Mbl nony4yaemM YncnoBoun cxogawmnmcsa pag. lonosuHa ato-

ro MHTepBana Ha3blBaeTCs paguycoM CXOOMMOCTH.
[ns onpepeneHvs uHTepBana (paguyca) CXOOMMOCTU MNPUMEHSIOTCA
doopmynebl:

a 1
R= im —; R= im

n—oo dpi n—oia,
PaccmoTpum npumepsl.

lMpumep 1

OnpeaennTb 06nacTb CXOOAMMOCTU CTEMNEHHOro psiaa U NpPoBepuTb CXO-
OVMMOCTb Ha rpaHuuax HTepsana:

11:00511_1 ) X4 511—1 51
Z—z,T.e. a, = 55 Apel = 5
=l 3-n 3-n (n+1)
n—1 2 2
Haxogum R: R = [im > 32(n+1) = Iim l(1+—j =—, T.e. obnacTtb
n
n—>oo 3-n°-5 n—>00 n

CXOOQUMOCTH (—l;lj.
55

[MpoBepuM CXOOMMOCTb Ha rpaHuuax nHTepsana. Ha npasown rpaHuue uH-

1 N y
TepBajna x = —, COOTBETCTBYHOLLNUN YUCITOBOU pAn UMeET BN
5

4
5 n-1 . l
=00 5 B =00 1

> > ——

> — pSiA CXOAMUTCA.
=l 3-n n=115-n

Ecnu Ha npaBou rpaHuue UHTepBana psig CXoauTCs, TO Ha NEBOU Takke CXO-
ANTCSA, TaK KaKk COOTBETCTBYHOLLMI YNCITOBOW psig OyaeT 3HaKkonepeMeHHbIM.

Ecnn Ha npaBoun rpaHuue vHTepBana psia pacxoguTcs, TO rpaHuubl UH-
TepBana He BKIo4alTcs B 00nacTb CXOQMMOCTMW.

1 1
B paccmaTprBaeMom Npumepe UHTepsan cXoamMMocTy 5 < x<-—.

N
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lpumep 2

YcrnoBue To Xe, 4To B npumepe 1:

H2002H. X_2 n 21] 211+1
> (2 ) T8 8y =05 dp = 5
n=1 n n (11+1)

n 2 2
Haxognum R: R = [I'mM: 1,m1(1+1j :l.

o 0?2 e 1 2

1 1 3 5
3Ha4nT obnacTb CXOAMMOCTHU —5 <x-2< 5 Unu 5 < x< 5

[MpoBepuM CXO0QMMOCTb Ha NMpaBou rpaHnLEe NHTepBana:

2 (1Y)
. (zj

5
X=—; > = Z — — psag cxoauTcA.
2 n=1 n n=1 I]
3 5
3HauuT, rpaHuLbl BKAOYaoTCcs B 0611acTb CXOAUMOCTM 5 < x< 5

TeopeTuyeckue Bonpochkl k pasgeny 2

1. CTeneHHON psf Mo CTeneHsaM Xx, (x— Xy ).

2. ObnacTtb CXOANMOCTHM CTEMNEHHOro paaa, paanyc CXoanMocCTMw.
3. dopMyrbl BbIMUCAEHNSA pagMyca CXOAUMOCTU CTENEHHOMO psaa.

3adaHue
Halitn obnactb CXOAMMOCTM N NPOBEPUTb CXOAMMOCTb Ha rpaHuuax WH-
TepBana:

1. a)nioo n X 6)IFOOM;
p=120-1 =15 n+1)
1roo3”‘ X7 =0 520 x_3

2. a)'y 6) T > (=3
mlsn2f =l (n? +1 2
n—oo =o0n 3111 _

3. 6) 'y 2 Ax H2+1)H
ne 1\/37(n +1) = (2n-1 )

o a5 V5T )”_00(11 +2 52 rx—1 )"

' n12" - (n? +1) el 2n* +3 5
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n=opl2" . x"

TY s
n=oo 1

n=l1 52ﬂ_1 -n

=00 53n—1 "

7. a) X

n=oo32”+1x”
8. a) 2—2;
n=ln-(n“+1)

n=002"_2 _n‘xn
n=13"3(n-3)

n=o  plx"

Zn—;
n=13"(n+2)!

10. a)

n1(n? +n) 2"

=0 2 —
6) 5 (5n” +2)(x 2)”;

=l (n° +1B%"

=009 31 72 —
6) 52 (0" +2)(x=1)".

n=0§2mM3 3 1 o

e 32 i)

3n+l 2
=07 n(x-1

1 322 1)
55 2 e 12 )x-1 )1
= (2n+1 %72
6) n§w32”‘1 (n* +5)(x=2)" |
=l (5n* +1 431

PA3OENN 3. NMpunoxeHne cTteneHHbIX psaaoB

3.1. MpnbnunxeHHoe BbIYUCTIEHME onpeaeneHHbIX UHTerpanoB

B Kypce BbiClLen MaTemMaTUKn O0Ka3blBaeTCs, YTO (PYHKLUMIO f(X) KOTO-
pas 6eckoHe4yHoe 4yuncrno pas auddepeHumnmpyemas, B Touke x = 0 MOXHO 3a-

nucaTb B BuAe psiaa:

f(x)=f(0)+ ff'(O) + %

BaeTcs pagom MaknopeHa.

n
f”(0)+...+% £®)0)+..., koTopblit HasbI-

lMpumepsb! pasznoxeHuss hyHKyul e psiObl

3 5
. X x
1. sinx=x——+—+..+(-1)"1
315
2 Xt x
2. cosx=1-"—+"--"—

2! 4/ 6!

2 3

(2n—1)!

2n—1
- +R,(x);

+..—+R,(x);

3. 6% =l+x+—t ot 4+ 4R (x);
2! n!

3/
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4. e_X:l—x+£—£+...+(—l)”£,+Rn(x) ne0..0;
1.

2/ 3/
2 3 4 n
5. In(l+x)=x—"—t+> - 4 +(-1)" T 4R (x);
2 3 4 n
6. L:I—x+x2—x3+...+(—l)n x"+R,(x) wT.A.
I+x

RH(X)— Ha3blBalOT OCTATOYHbIM 4lieHOM pdaa, npunyemMm AOnAa 3Hakonepe-

MEeHHbIX pAdoB €ro BeJfiMdMHa orpaHmndyeHa nocneaHnm OT6paCbIBaeMbIM
YJ1eHOM.

Hanpumep: Bblumcnum  sinl0° ¢ TOYHOCTBIO [0 103, TaKk Kak

T n 1(m= 3 1 (=« > 1 (= 7

10° =—=~=0,74533, 10 sinl0° =——-—| —| +—| —| ——| — | ..., npu-
18 18 3/\18 5/\18 T\ 18

yewm, orpaHn4nBasicb nepBbIM ABYyMS yneHamu, nonyy4mum

3
sin10° zi—i(ij =0,17364, a TOYHOCTb NPUBAMXKEHUS HE MpeBbilaeT
l(m >
BENMNYUHBI & < —| — <1,35-10_6.
SI\18

lMpumep

Bbluncnutb onpegeneHHbin nHTerpasn ¢ TodHocTbio Ao 0,001:

1 3
J-sznx x:J‘_ x_x +x X 4 dx=_[ l_x_+x__x—+_,. dx =
) . d ()x 3 5 7/ g 3/ 5 7!

X3 XS X7
~| x— + —
3-3/ 5.5/ 77!

= 0,945786.

1 1 1 1 1 1
+ — =1-—+ - ~
3-3/ 5.5/ 7-7! 18 600 35280

0

[Mpuyem TOYHOCTb BbIYMUCHEHUS O < 9% =27 107

3apgaHue
Bbluncnutb onpeneneHHbint nHTerpasn ¢ TodHocTbio 4o 0.001.
1 1 1
1
1.j\/;-exdx; 2.jde; 3.J‘\/;-cosxdx;
0 0 o 0
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. | 12
4. Smxdx; 5.j\/;-sinxdx; 6. Ix3 e Ndx;
0 0 0
1 . 1 1
7. Sm\/;dx; 8. J.e_\/; dx; 9.J\/§cosx2 dx;
Joox
0 0 0

1
10. jﬁsinxz dx .
0

3.2. UHTerpupoBaHue audcepeHumanbHbIX ypaBHEHUN
C NOMOLLLIO pAAoOB

PaccmoTpum ypaBHeHue Buaa

yi=f(xy),
C Ha4vanbHbIM ycrnosuem y(0) = yy.
PelleHne ypaBHeHUs veM B BUAE CTENEHHOro psaaa:

y=aotarx taxx’ +..+a,x"+....

3afava 3aknoyaeTcqa B HaxoxaeHun koapdpuumneHTos ai.

Hangem koadpuumeHT ap, NnoagctaBuB B HavarnbHOE YCIiOBME pPELLUEHnE B
BUae psiga:

yo=ao+tal+ay0..., T.e. ao=yo.
MopcTtaBum Tenepb HavanbHOE YCrOBUE B NPaBYO YaCTb YPaBHEHUS:

Y'=f(0;,0)=¥%-
MpoanddepeHumpyemM peLueHne
vV =a; 2a>x +3a3 x* +4as X’ +....

C y4yeToM Ha4varnbHOro ycrioBus uMeem ar=yp .
MocnepoBatenbHO AnddepeHUMpyeEM peLleHne U Haxogum Heobxoaum-

MO€ KOJNIN4YeCTBO KO3 PULMEHTOB a;.
lpumep

24e7, y(0)=2.

PeweHne nuwem B Buae:

Y=y +x

y=aotarx ta>x’ +az;x’ +...
Heobxoanmo HanTtun 3 uneHa psiaa OTIIMYHbIX OT Hyn4.
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PeweHue

N3 HavanbHOro ycrnosua crnegyet ap = 2.
[MoacTaensiem HavanbHOE YCroBue B NPaByt YacTb MCXOOHOMO YpaBHEHUS:

y'(0)=22+0+e"=5.
MpoandhepeHumpyem pelleHue B BUae psaa:
y =a;+2a; x + 3az x* + das X7 +....

N tak kak y'(0)=5,T0a; =5.
MpoandhepeHumpyem ieBYHO U NpaByko YaCcTb MCXOLHOrO ypaBHEHUS:

V' =2y y+2x-¢e %, Te. )’"(0)=2'2-5+0—60=19,
C ApYron CTOPOHbI, Y =2 a+6 asx + 12 a4 x° +....

19
CpaBHuBas 3HayeHns y"(0), Haxogum a, = o

Taknum o06pa3omM MCKOMOEe pellieHne B BUAE psiaa MMeeT BUAL

y:2+5x+%){2.

3adaHue
Hantn Tpu nepsbIX 3HaAYaLLMX YfeHa pasfnoXeHUs B CTENEHHOW psag, peLue-
HVA andpdepeHumanbHOro ypaBsHeHUs ¢ 3aaHHbIM HavarbHbIM YCNOBUEM:

1.y =yx +x2+2e%,  1(0)=2;

2.y =% +5x €%, ¥(0)=1;
3.y =x2y+y*—xe ¥, y(0)=-1;
4.y =ye" +y -1, 10)=-2;
5. =" +2xp° —1 , ¥(0)=3;
6. y':x2+y2+xe_2x, y(0)=1;
7.9 =2x%y% + ye*, y(0)=2;
8.y =x>-y2—xy +¢e5, y(0)=4;
Q. y':xy+x2y2+e_x, y(0)=1;
10. y'=x—1y>+xe*,  y(0)=3.
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