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HUHTEI'PAJIBI

Ceoticmea HeonpeoeneHH020 uHmezpaia:

1. j(u(x) + v(x))dx = ju(x)dx + fv(x)dx.
2. [A- f(x)dx=A-[f(x)dx, rae A — HOCTOSHHASL.

3. Eciu ff(x)dx:F(x)—kC uu=@(x), To jf(u)du:F(u)+C.

TabGnuna npocTeinmx NHTErpajIoB:

1. jdx=x+C.
xn+l
2. [x"dx= +C,(n#-1).
n+1
3 (% — 1+
x
4. faxdx= a +C, jexdx=ex+C.

Ina

W

. [sinxdx=—-cosx+C.

o)

. [cosxdx =sinx+C.

| dj; =tgx+C.
cos” x

~

8. j d;c =—ctgx+C.

sin” x
9. de 3 =larctg£+C.
x“+a° a a
10. | a1 E20 Can0).

2 -a® 2a x+a

=In

dx
1. [——— =Inlx+Vx? +A‘+C,(A¢O).
J.\/)cz +A4



= arcsm +C.

12j\/7

OcHogHble Memoobl UHMEeSPUPOBAHUSL:
1. ITonBenenue moa 3Hak auddepeHnmrania;
a) moj 3HakoM JuddepeHImana MOKHO MPUOABISITh UM BBIUUTATH JIIOOYIO

noctosiHuyo: df (x) =d(f(x)+ A);

0) mox 3Hak nuddepeHIana MOXKHO MOJBOJAUTH MOCTOSSHHBIA MHOKUTEIb!
1
df (x) = Zd (Af (x)); B) mox 3Hak nuddepenimana noBoAUTCA QyHKIUS 10

npasuiy: f'(x)dx =df (x).

2. IHTerpupoBaHue 1o 4acTsM ¢ UCIOJIb30BaHUuEeM (HOPMY.JIbI:
Iudv =uv— Ivdu , e u=u(x),v=v(x).

C TIOMOIIIBIO ATOT'0 METO/Ia BRIYHCIISIOTCS CIIETYIOIINE HHTETPAIIBI

a) [a*-P,(x)dx, u=P,(x), dv=a’dx.

6) [sinax- P,(x)dx, u=P,(x), dv=sinaxdx.

B) [cosax - P,(x)dx, u=P,(x), dv=cosaxdx,
rae P,(x)— MHOTOYIEH n-0il CTENEHM.

3. MHTerpupoBanue METOJOM 3aMEHBI IEPEMEHHO 10 popmyiie
[ fx)dx =] f(@@®)dp(®) =] f(p®)p'(t)dt, Tne x=p(t).

Ilpumep évinoiHeHUuA 3a0aHUA.

Haiitn HeonpeeieHHbIE MHTET paJIbl:

17

2 3
j(arcsmx) X 0) fzx—dx; B) [(3x +4)e’ dx.
x°—4x+3

\/l—x2

Pewenue.
a) MCIOJIb3Ysl OCHOBHBIE CBOMCTBA HEOIPEACICHHOI0 WMHTErpajla U BBITOIHSIS

nojiBesieHre GyHKIMI 101 3HaK auddepeHnana, HailieM HHTerpat



I(arcsinx)2 + X, I(arcsmx) dr+ I
V1-x2 V1 !
= f(arcsinx)2 d(arcsinx) + (- 0,5)[(1 - x* )_O’5 d(1-x%)=

2,05
=%(arcsinx)3 -0,5 % +C =§(arcsinx)3 —V1-x* +C.

0) B OTOM ciydyae TOJBIHTErpaibHas (QYHKIUS TMpeACTaBiseT coOoi Hempa-
BUJIBHYIO pallMOHAJIBHYIO Ipo0k. IIpencraBum 3Ty 1poOb B BHUJIE CyMMbI MHOIO-

HJICHA U HpaBHHBHOﬁ I[pO6I/I. I[Hi[ 9TOI'0 BBIIIOJHUM JCJICHHUC MHOI'OYJICHA Ha

MHOTOYJIEH:
X3 -17 ‘x2—4x+3
x> —4x% +3x ‘x+4
4x%? —3x—17
4x* —16x—12
13x - 29
Torna
3
I—x 17 dx = I( +4 13x 29)&' dex+j4dx j'?x 29 dx =
x2 —4x+3 —4x+3 4x+3
2
:_+4 I i3x 29
X —4x+3

JIy1st Toro 4To0bl HAWTU MOCJIEIHUM MHTETpall, IPeICTaBUM MPABUIBHYIO JIpOOh
B BUJIE CYMMBI IIpOCTEHIIMX ApoOeit. J{s 3Toro paszinoxuM Ha MHOXKUTEIN 3Ha-
MEHaTteab Jpodu x?—4x+3= (x—1)(x —3) u pazynoxuM JpoOb HaA MPOCTEH-

s
3x=29 A4 | B 3r 292 Ax—3)+ B(x-1).
(x-D(x-3) x-1 x-3

[Ipu x =3 umeem 13:3-29=B(3-1), otkyna B=35;

npu x =1 umeem 13-1-29= A(1-3), orkyna 4=8§.

13x-29 8
[Tosryuaem = + U UHTETpUpPyEM

(x-D(x-3) x-1 x-3




j 13x-29
(x=D(x-3)

N OKOHYATCJIbHO I10JIy4acM

= 8j jx"'f

_J—dx+f 3:81n|x—1|+51n|x—3|+C

3 2
x” =17 X
jz—dx:—+4x+81n|x—1|+1n|x—3|+C.
x°—4x+3 2
3ameuanue.
WNHuterpan ot npaBUWJIbHON panmoHaIbHOU IpoOU CBOAUTCS K CYMME UHTETPAJIOB

oT mpocreitimux apoOeit. Haubonee yacto BcTpedaroTes ciepyrolue HHTerpa-

JIBL:
A _ A _ 4 —k+1
jx_adx:Alln|x—a|+C, J.(x—ka)kdx_(—kil)(x ay*4c,

(k=23,.);

Mx+ N M 2x+p
T dx=""Inx? +px+gq tg———=+0C
Y hprtq 2 | ‘ x/4q p’ \/49—1?2

B) OTOT HHTErPajl HAXOIUM METOO0M UHTETPUPOBAHMUS 110 YaCTSM.
1
IpumeM u=3x+4, dv=e>"dx, Torna du=3dx, v= §e3x. [To dpopmyie

WHTCIPUPOBAHUA 110 YACTAM I10JIy4acM

4
3x + €3x

[(Bx+ 4)e> dx = 3x + 4)%e3x - j%eg'x 3dx = - je3xdx =

— 3x3+4e3x _le3x

3x+4—le3x

+C = +C=e(x+D+C.

[IpoBepuM pe3yibTat 1uddepeHIrpoBaHueM
@ (x+1D)+C) =3 (x+ 1)+ & =>*(Bx +4),

YTO COBNAIAET C MOABIHTETPATbHON (DyHKITUEH.

IlpunoskeHusi onpeaeeHHbIX HHTEIPaJIoOB



y Ecaun na miockoctu Oxy
_y=/1() 3ajlaHa (Qurypa, orpaHuyYeHHas
JIByMsl HETPEPHIBHBIMU KPUBHI-

* - YA = 00, =) W sep-

Jl x TUKAJIbHBIMU  IIPSIMBIMA X = A ,

x=b, 1o omasae S Takoi pu-
b
T'ypbl MOXKET OBITh BhIUKCIIEHA TTO hopMyJie S = I( fr(x)= 1 (x))dx .
a

Ilpumep 6vinoineHus 3a0anus.

BBI4HCINTS LIOMAb QHUTYpPbI, OTPAHIYCHHON IMHISAME ¥ = X~ +4x, y=x +4.

Pewenue.
3ajiaHHbIe JIMHUM OTPaHUYMBAIOT Ha TUIOCKOCTH OXy KPUBOJUHEUHYIO

Tparenuo, U300paKEHHYIO Ha PUCYHKE.

))
y=x2+4x
y=x+4

Y
=

HaiimeM KoOpJuHATHI TOYEK IEpPECEUEHMs] 3aJaHHBIX JIMHUMA, IS 3TOrO

pELINM CUCTEMY YPABHEHUM

2
y=x +4x’ P tdx=x+4, x2+3x—4=0,0TKyJ1ax1=—4,xzzl.
y=x+4

Toraa nckomast oAb BEIYUCISIETCS 0 popMmyJie:




3 1

S = j(x+4 x* —4x)dx = j(4 3x— x)dx-{4x—%—%}

—4

:4_§_l+16 ﬁ_ﬁ_zo (xe. €0.).
2 3 2 3

OObeMbl Ten, 00pa3oBaHHBIX BpallleHHMEM IUIOCKOH (QUIypbl, OrpaHUYEHHON

KpuBoil y = f(x)>0, ocbto Ox U IPSIMBIMU X =a, X =D,

b
1) Bokpyr ocu Ox, BBIYUCIAIOTCS 10 popMmyie V, = ﬂf f 2 (x)dx;

a

b
2) Bokpyr ocu Oy, BRIMUCISIOTCS 110 hopmyJte V), = 27rjxf (x)dx.

a

Ilpumep 6vinoineHus 3a0anus.

Brruncaute 00beMBI TE, 00pa30BaHHBIX BpallleHUEeM BOKpyT oceit Ox u Oy Kpu-

BOJIMHEHHOTO TPEYroJIbHUKA, 00pa30BaHHOTO KPUBOH y = i/;, ocet0 Ox U Tps-

Mol x=1.
Peuenue.
A
y | / y= 3x 1) oObeM Tena, MOJYUYEHHOTO BpallleHHuEM
BOKpyT ocu Ox, paBeH
1
5
L%
V., =ﬂj(%) dx = ﬂxT :3—7T (xy0. e0.)
> X 0 e
0 1 3 1

2) o0beM Tena, MOAYYSHHOTO BpallleHueM BOKpyT ocu Oy, paBeH

7 1

3
—27rjx Vxdx = . =677T(1<y6. eo.).

sl

JAu¢ppepeHunabHbie YypaBHEHHUS




YpaBHeHusi NepBOro NOpsiAKa

1) YpaBHeHHs1 ¢ pa3eJsIIOIMMHCH MepeMeHHbIMH.
VpaBHEHHS ¢ pas3Ie/ISIOIMMICS IEPEMEHHBIMI MOTYT OBITh 3aIUCaHbl B
BHJIE
y'=f(x)-aly),
a TaK JK¢ B BUJIC
M(x) : N(y)dx = P(x) : Q(y)dy.
JUIst pelieHns TAKOro ypaBHEHHS HAJI0 00€ €ro 4acTH YMHOXKHUTh WA

pa3JeNuTh Ha TAKOE BhIpAXKEHUE, YTOOBI B OJIHY YaCTh YpaBHEHUS BXOJIUJIO
TOJIBKO X, a B JIPYTYIO TOJIBKO ), W 3aT€M IPOUHTErPUPOBATH 00€ YACTH.

3ameuanue. [lpu nenenum ob6enx yacteld ypaBHEHUS HA BBIPAXKEHUE, COEpPKa-
IIe€ HEU3BECTHBIE X W ), MOTYT OBITh OTEPSIHBI pEHICHUS, 00palaromue
9TU BBIPAKEHUS B HOJIb.
IIpumep Pemuts ypaBHEHUE x? y2 y'+1l=y.
Pemienue. [IpuBoauM 3TO ypaBHEHHE K BUJTY:
xzyzgzy—l; xzyzdy =(y—1)dx.

Jlesmum 00e yacTh ypaBHEHHS Ha x2( Y- 1) :

2
y dx
=—dy=-75.
y—1 X
Ilepemennsie pa3aenensl. UHTErpupyem 00€ 4acTu ypaBHEHUS:

2
d 1 d
.fy—d;v = _f—f .f(y+ 1+—jdy = .f—x;
y-1 X y-1 x*
2
1
y—+y+ln|y—1| =—+C.
2 X
Ilpu nenenun Ha xz(y — 1) MOTJIH OBITE IOTEPSIHEL petnenns x = 0 u
y—1=0, 1.e. y =1 HenocpejacTBeHHOl MOJACTaHOBKOI B UCXOHOE ypaB-
HeHue 9TUX QYHKIUi yoexmaemes, uto y =1 — pelienue ypapHeHus, a
x=0 — Her.

2) OgHopoaHbIe ypaBHEHHSI.
JuddepenmanbHoe ypaBHeHrEe 1-ro nopsjika Ha3pIBaeTcst OJHOPOI-

Y

HBIM, €CJIN €I'0 MOZKHO 3aIIMCaThb B BUJC y' = (P(—) HNJIN B BUJC

M(x, y)dx+ N(x, y)dy =0, rae M(x, y), N(x, y) — OJIHOPOJIHBIC (DYHK-



{11 OJHOM U TOM ke crenenu k, T.e. M(tx, ly) = tkM(x, y) "
N(tx, ty) = tkN(x, y) npu JoboM k.

Yr1oObl peluTh 0JIHOPOJHOE YPABHEHHUE, MOXKHO C/IENIATh 3aMEHY
y(x) = u(x) *X, II0CJIE Yero M0JIy4aeTcsl ypaBHEHUE ¢ Pa3ACAIOIUMHUCS IIepe-

MEHHBIMU.
Y
IIpumep Pemuts ypaBuenune xy' = xe* + y.
2
Pemienuie. Ilepenmiinem ypaBHeHHUE B BUje V' = e* + Y Monaraem
X
y(x) = u(x) -x, torqa y' =u'-x+u. Tloxcrasiss B ypaBHEHUE, TOTyIUM
! u ! u u —u d'x
u'-x+u=e +u;, u-x=e"; x-du=e'dx wm e du=—;
X
_ dx _ _
Ie “du=|—; —e“=1n|x|—ln|C| WITH e”=—1n|x|+ln|C;
X
_ C C C
e “inl—|; —u=InIn—=||; wu=-Inn—||.
X X X

B03Bpa1uaslc5 K CTapbIM ICPEMCHHBIM X, )/, IOJYYUM:

Z=—Zn(ln ¢ Cj.

—D Wi y=—xln(ln—
X X X

3) Jluneiinble ypaBHeHusi 1-ro mopsizka U ypaBHeHusi bepHyqan.
YpaBHeHHs BUIA

y'+ p(x)-y = q(x) Ha-
3BIBAETCS JIMHENHEBIM, 3aMETUM, YTO IPU q(x) = 0 nuHelHOE ypaBHEHHUE CTa-

HOBHTCSI YPABHEHUEM C PA3ACISIIOMINMUCS IEPEMECHHBIMU.
YpaBHeHue BUa
o

y'+p(x)-y=q(x)y
npu oo #0 u o #1 HaseBaercs ypaBHeHueMm bepuymmu (mpu o =0
u o =1 mosyyaem JMHEHOE ypaBHCHHUE).
O6a 3TH ypaBHEHUS MOXKHO PEIIUTEH C TTOMOIIBIO MTO/ICTAHOBKU
(x) = ux)-v(x)
IIpumep Haiit yacTHOE pelieHne ypaBHEHUS

, 1
y —y-tgx = , y(0)=1.
CcoSX

Pemenne. Wcnonb3yem mogcranoBky y=u-v, y' =u'-v+u-v'. To-

IJ1a ypaBHEHUE IPUHUMAET BH/]L

10



! ! 1 ! !
u-v+u-v —u-v-igx = , u-v+u-(v —v-tgx)z

b

cos X cos X
0TCIOIa
vi—v-tgx =0
, 1
u'-v= :
CosX

Pemraem niepBoe u3 ypaBHEHUM :

)

V

(TTpY BEIYMCIICHUH 3THX UHTETPAJIOB IMPOU3BOJIBHAS IOCTOSIHHAS HE ITHUIIETCS),
OTKyJ1a

V' = v tax; ﬂztgx.dx; J.ﬂ:.[tgx-dx; In|v|=—In| cosx
v

1
V= .
COSX
V3 BTOpPOro ypaBHCHHSI HaXOJIUM L(x):
1 1
u' - = , u' =1, Iduzjdx, u=x+C.
COSX  COSX
CraenoBateibHO,
1
y:wv=@+C) :
COSX

Haitnem yactHoe pemienue. Tak kak y(O) =1, To

1:(0+C)% = C=1

[ToxctaBisieM 3TO 3HaUEHUE B 0OIIIEE pEIICHHE:

1

CosXx

y= (x + 1) :
DTO U €CTh UCKOMOE YaCTHOE pELICHHE.
Ilpumep Haiitu oOmmee pemenne ypaBHeHU

4
Y = V=X
X
Pemienue. Dto ypaBHeHue bepHyum (oc =1/ 2). 3aMeTuMm, 4TO JaHHOE
ypaBHeHue umeeT pemeHre Y = 0. YToObl HaliTH perieHne, OTIMIHOE OT HY-
JIEBOTO, TIpOBeJieM 3amMery Yy =u-v, y =u'-v+u-v'. Tlomyunm:

u-v+u-v——-u-v=xdJu-v um
X

' ' 4
u - -v+u|v ——v|=XNu-v.
X

HJ'ISI ONpCACICHUA U U V HMCCM!:

11



4
Vi——v=0
X
u -v=xvJu-v.

W3 nepBOro ypaBHEeHUsT HAXOJHM:

dv 4 dv 4
— =—dx; —=I—dx; Zn|v|=4ln|x ; v=x4,
vV ooX 1Y X
TOrAa U3 BTOPOI'O YPAaBHCHHUA :
du dx
uoxt=xANu-xt; weox=Vu, —====; 2«/521ﬂ|x|+2€;

Ju x
2
| |
«/ﬂz—ln|x|+C; U= —ln|x|+C ,
2 2
CIIEI0BATENLHO, OOIIEE PEIIEHHE TIOIYyYNM B BUJIE:

2
y=0; y=x4-(%ln|x|+Cj :

4) YpaBHeHus1 B NOJIHBIX au(pdepeHnuaIax.
YpaBHeHue

M(x, y)dx+ N(x, y)dy =0
Ha3bIBACTCsl YPaBHEHUEM B TOJHBIX JAuddepeHimanax, eciu ero Jepas 4acth
ABJISIETCS MOJIHBIM U epeH1InagoM HEKOTOpOit GyHKIIUN u(x, y) , T.C.

u, = M(x,y), u),=N(x,y). D10 nmeer mecToO, ecin

x v
[M(x, y)] y = [N(x, y)] x-
YToObI peIIUTh YPaBHEHUE , HAJ0 HANTH QYHKIUIO u(x, y). Torxa 06-

I1Iee pelICHUE YPaBHCHUS MOXHO 3aIicaTh B BUJIC u(x, y) =C, e C—

IIPOU3BOJIbHAA IIOCTOSIHHAS.
Ilpumep Pemuts ypaBHeHUE

(2x + 3x2y)dx + (x3 — 3y2)dy =0.
Pemenue. Tak kak
(2x+ 3x2y) y = 3x% u (x3 — 3y2) v =3x2,
TO 9TO YpaBHEHUE SBJSICTCS] ypPaBHEHHEM B MOJHBIX Juddepenipaiax. Haiigem
GYHKIHIO u(x, y) , onHbli mddepentman koropoit du = uyd x +u;dy

ObLI1 OBl paBeH JIEBOI YacTH YpaBHEHMUS, T.€.

u, = 2x +3x2y, uy, = x> —3y2.

12



WHTerpupyeM 1o Xx IepBOE U3 YPABHEHMI , CUUTass ) TOCTOSHHBIM; U
HTOM BMECTO NOCTOSIHHOW MHTErPUPOBAHKS HAJ0 IMOCTABUTh (p( y) — HEU3-

BECTHYIO (YHKIIHIO OT ).
u(x, y) = I(2x + 3x2y)dy = x? +x3y + q)(y).
ITocTaBisist 5TO BHIpaKEHUE JIs u(x, y) BO BTOPOE U3 ypaBHEHUA, HaiieM

o(y):

(x2 +x3y+(p(y)) y=x> =3y X’ +(p'(y)=x3 —3y?,

o' (y)=-3v*  oy)=-»’.

CnenoBareabHO, MOKHO B3SITh
u(x, y) = x? +x3y —y3,
1 of1iee perieHre ypaBHeHus Oy1eT UMeTh BUJ]

x? +x3y—y3 =C.
YpaBHeHHsI BHICHIMX MOPSAKOB, J0MYCKAIOIHE MOHMKEHHE MOPSIAKA

L Ecm y" = f(x), To
yz.[(_[f(x)dx)dx+ Cix+GC,.

II. Ecmu nuddepennnanbHoe ypaBHEHHE IBHO HE COJIEPKUT V), T.€.
F (x, v, y”) =0, To, moJaras y'(x) = p(x), y”(x) = p'(x), TIOJIyIHM ypaB-
HEHHUE MEePBOTo MOPSIJIKA OTHOCUTEIBHO QYHKIHH p(x).
IIpumep Halit yacTHOE pellleHnEe ypaBHEHUS
" +y'+x=0,
YIOBIIETBOPsIIOLIee HadalbHbIM yestoBusiM ¥y =0, y' =0 mpu x = 1.

Pemenne. Tak kak YpaBHCHHUEC ABHO HC COJACPIKUT ), TO, IToJIaras

y' = p(x), umeem y" =p’, orxyna
1
xp'+p+x=0, te. p'+—p=-1
X
PelwiaeM 5T0 ypaBHEHHE KaK JIMHEHHOE OTHOCHTEIBHO pyHKuME p(X):

1
plx)=u-v, p'=u-v+uv = u'-v+u-(v'+—v =—1,
X

13



Pemaem nepBoe ypaBHEHHE OTHOCUTEIBHO V.

dv 1 ﬂ__ﬂ

—=——v; ; Zn|V|:—l}’l|)C, V=—.
dx X V X
W3 BTOpOro ypaBHEHUS HAXOIUM U
u'-l——l' u' =-—x; Idu——jxdx u——ﬁ+C T.€
% 9 ’ 9 2 1> oV
1 x2 Cl X
X)=u-v=—|Cj——|=———.
p() x{ : 2] x 2
M3 ycnoBus ' =p=0 npu x=1 umeem:
OZCl—l, T.C. Clzl
2 2
1(1 j dy 1(1 j
CreroBaTeibHO, p=—| —— Wi —— =—| ——Xx|, OTKyja
2\x dx 2\x
1(1 1 x2
d =—(——x)dx um y=—|Inx|-—|+C,.
Y75\ 4 2( ] 2] 2
Ilomaras y =0 npu x =1, Haxomum:
1 1 1
2 2 4 4

1 2
[TosrydaeM TpeOyemoe 4aCTHOE pellIeHue: y = 5(1}’4 X | - x_] + Z

II1. Eciu nuddepenimanbHoe ypaBHEHUE IBHO HE COJIEPKUT X, T.€.

F(y, vy, y”) =0, To, mojaras y' = p(y), y" = dd—p-p = p'p, moayuum
y

ypaBHEHUE MEPBOTo nopsjaka [ (y, D p') = 0 oTHOCHUTEIBHO p(y).

Ilpumep Haiitu yacTHOE pemenue ypapHenus ' = 2y3, Y IOBJIETBO-
psitollee HauaJbHBIM YCIOBUSM y(O) = y'(O) =1L
Pemenne. Tak Kak ypaBHEHHE SIBHO HE COAEPIKUT X, TO, IOJiaras
y' = p(y), y"=p'p, nonyunm: p'p= 2y3 Wi pdp = 2y3dy, OTKYy]1a
2
r_1.4. G

+
2 20 )

Takkak y'=p=1wu y=1 mpu x=0, To
1=1+C;, = C; =0.

p2 :y4+C1.

CnenoBaresbHo, p2 = y4; p= iyz; y' = J_ryz; —=tdx;
Y
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1
——:iX‘I‘Cz.
Y

HOI[CTaBJ'[HSI HavdaJIbHLIC YCIIOBUS, HAXOJAUM C2 .

~11=0+Cy;  Cy=-1.

1 -1 1
[Tonaydaem yactHoe pemieHne: ——=*tx—1 wm y = = , T.€.
y +x-1 1Fx
|
mbo y = ,mbo y = .
1-x l1+x

JUHENHBIE TU®®EPEHIIUAJIBHBIE YPABHEHUS
BTOPOI'O IIOPAAKA C IIOCTOAHHBIMU KO2®PULIU-
EHTAMMU

I. YpaBHenue Bua
y'+py' +qy=0
I1€ p, ¢ — NOCTOSIHHBIE, y(x) — HEeu3BeCTHAst PYyHKIUS, Ha3bIBACTCS J1U-
HeUHbIM 00HOPOOHbIM U PEPEHIINATEHBIM YPABHEHUEM C MIOCTOSIHHBIMU KO-
s dueHTamu.
Ecmu ki, k, — KopHU Xapakmepucmuueckozo ypasHeHus
K2+ p-k+q=0,
TO 00l1Iee pEIIeHUE YPAaBHEHUsI 3alMCHIBAETCS B OJJHOM U3 CIEAYIOLIUX
TpeX BUJIOB:

1) y=Cy-e" +C, -, ecnm ki, k, —Bemecrsennbiu ky # ky;
2)y= ekx(Cl +xC2), ecm ky =k, =k,
3) y=e™(C, cosPx+ C, sinPx), ecmn ky =a+if, k, =a—if,
B#0, i —MHUMas eIUHUIIA (l' 2 _ —1).
C;, C, — npou3BOJbHBIE IOCTOSHHBIE.
[pumep Haiitu oGiue perieHus ypaBHEHUI:
a) y"=3y"'+2y=0;
6) y'+2y'+5y=0;
6) y'+2y'+y=0.
Peuienue.
a) PerraeM XapakTepUCTHUECKOE YpaBHEHUE: k*-3k+2=0,
kl,z = 1,5 + 0,5, kl = 1, kz = 2,
y=Cie* +Cye®™ — obmee pemenne.

0) Perraem xapakTepuCTHUECKOE YpaBHEHUE: k* +2k+5=0,
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ki =—1tN=4==1%2i; ky=-1+2i, k,=-1-2i,
a=-1, B=2.
y=e "(Ccos2x+ C, sin2x) - obwee pelenue.
6) Pemaem xapakTepucTUiecKoe ypaBHEHUE: k2 +2k+1=0,
ky =k, =k=-1
y=e"(C,+xC,) — obuwee pemenne.

II. OO1ee penieHue J1UHeH020 HeoOHOPoOH020 TUbdEPEHIIMATIBHOTO YpaB-
HEHUSI BTOPOTO TOPSIIKA C TOCTOSIHHBIMU KO3 PUITIEHTAMU

Y'+py'+qy=fl(x)
MO’KHO 3aIucaTh B BUJIE V=Y, + Vi,
rae y, — oOlee peleHre COOTBETCTBYOIETO OJHOPOIHOTO YPABHEHUS ,
ornpenensemoe o popmynam 1) — 3), a y, — Kakoe-JIMOO YaCTHOE PEIICHUE
JTAHHOTO HEOTHOPOJIHOTO YpaBHEHMUS.

1). Oynkimsa y, MOXeT ObITh HaliJieHa METOJIOM BapHalluy HPOU3BOIbHBIX
MOCTOSIHHBIX, €CJIU pelleHue y, 3anucado B Buae y, = Cyy; + Chy,.

CormacHo 3TOMy METOJly pelIeHUE J, HUUIIETCS B BUJIE:

Ve =C (x)yl + G, (X)yz,
rae pyukipu  C (x) n G, (x) ONIPEJICIIAIOTCS U3 CUCTEMbI

Cl'(x)yl + Cé(x)yz 0

Ci(x)y1 + C5(x)y3

dcC dcC
, C! _ 1 ’ C! — 2 .
f(x) ! dx 2 dx

|
IIpumep Haiitu oGiee pemeHue ypapuenus )’ +y = —.
sinx
Pemienue Pemraem coOTBETCTBYIOIIEE OJJHOPOJHOE YPABHEHUE
y'+y=0.
k2 +1= 0; k=4i = a=0, B=1, cnenosarenbHo,
v, = Cycosx + C, sinx,
TOTAa )| = COSX, ¥, = SINX, U 4acTHOE pelleHHUe 3alaHHOI0 HEOJHOPOIHO-
ro ypaBHeHuUs Oy/IeM HCKATh B BUJIE
Ve =C (x) -cosx + Cy (x) -Sinx.

OtHOCUTENBHO QYHKIMH Cl(x) u Cz(x) IOJIyYUM CHCTEMY:
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Ci(x)-cosx + Cy(x)-sinx =0

C{(x)-(=sinx)+ C3(x)- cosx =

Sinx

CcoSX
U3 nepBoro ypasuenust C5 = —C| -———, MOJCTaBJIsAS 3TO BBIPAKCHHE IS

sinx
C; BO BTOpOE ypaBHEHHUE, HOIYYHM

2 ) 2
;. , CcOS” X 1 , Sin” x+cos” x 1
—C|-sinx—C|-— =— wm — Cy - . =—,
sinx  sinx sin x sin x

Cj=-1 = C, =-x,

cos x cos X :
: szj ——d x = In|sinx]|.
sin x

G =1—
sinx
Pemenue y, mpuHUMAaeT BUJI:
Ve =—X-COSX+ SIinx- ln| sinx |
[TosrydaeMm oO1iee peleHue UCXOAHOTO YpaBHEHMS:
V=Y, + . =C;-cosx+C, -Sinx—x-cosx+sinx-ln| sinx| =
= (Cl — x) -CcoSX + (C2 + ln| sinx |) -SINX.

2). YacTHoe pelieHne y, MOXKET ObITh HaliIEHO METOJOM HEOIPEIEICHHBIX

KO3 GUIMEHTOB B clIydasx, korga f (x) UMEET CIEeLMAIbHBIN BUI.
a) [ (x) =P, (x) rie
_ m m—1
Pm(x) =Ax" +A4x" +..+4, -
3aJlaHHBIII MHOTOYJIEH CTEIIEHU M (AO # O).
YacTHoOe pellieHue ), B 3TOM Cilyuyae CJIeyeT UCKATh B BUJIC:
m m—1
Vi = 0p(x) =b,x™ +bx" " +..4b,,,
ecnn ynciao k = 0 He IBISCTCS KOPHEM XapaKTEPUCTUICCKOTO
ypaBHEHUS ;
Ve =X Qm (X),
eca ynciao k = 0 sBJISETCS OJMH pa3 KOPHEM XapaKTEPUCTUUCCKOIO ypaBHe-
HUA U

2
eciu uncno k =0 sBisieTcs Ba pasa KOPHEM XapaKTePUCTHIECKOTO ypaBHe-
HUS .
Koadppummentsr b,, by,..., b

., HAXOJIATCS METOJIOM HEOIIPEJEIICHHBIX K0d(-

(bUIEHTOB.
Ipumep . Pemuts ypaBuenue y" +y' =2x+ 3.

Pemenne. Haxonum cHavana oO1iee peieHue COOTBETCTBYIOIIETO O1-
HOPOJIHOTO YpaBHEHMUS.
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V'+y' =0, k*+k=0, k=0, ky=—1,
Yo = Cl +C2 ‘e_x.

Tak kak unicio k = 0 sBJIIETCS OJUH pa3 KOPHEM XapaKTEPUCTUICCKOTO
ypaBHEHUs, U [ (x) = 2x+ 3 — MHOroWIeH cTeneHn m = 1, To 4acTHOE pe-
IICHUE V, WIIEM B BUJIC

Vi =x-(byx+b;)= b0x2 + b x.
[ToncraBisist ), B MCXOJHOE YPaBHEHUE, MOTYUHM:
2b, +2b,x +b; =2x+3 wnm 2b,x+(2b, +b)=2x+3 =
2b,=2 wn 2b,+b; =3,
ciaenosatensHo, b, =1 u by =1, torna y, = x(x+ 1).
OO0ri1ee pereHne HCXOAHOr0 ypaBHEHUS
Y=Y,+y.=C +Cy-e " +x(x+1).
0) f (x) =e? P, (x) rae a=const, P, (x) OTIpeJICISIETCS. COOTHOIICHH-
eM .
B sTomMm cityuae

ax
€CJIM YUCII0 Kk = a He SBJSIeTCS] KOPHEM XapaKTepUCTUIECKOTO
YpaBHEHUS ,

ax
y* =e Qm(x)x’
€CJIM YUCII0 k = a SIBJISETCS OJJMH pa3 KOPHEM XapaKTepUCTHYECKOTO ypaBHe-
HUA U

ax 2
Ve =€ 'Qm(x)'x ’
eCII YMCI0 kK = a SIBJISETCS JiBa pa3a KOPHEM XapaKTepUCTHUECKOTO YpaBHe-
HUA .

Mmuorouren Q,, (x) - C HEOIpeIeJIC€HHBIMU KO3 DUITUEHTAMHU.
Ipumep Pemmts ypauenue y'' —2y' +y=x-e.
Pemenne. Haxonum cHavana y .
' =2y +y=0, k*=2k+1=0, ky=k, =1,
X
Y, =€ -(C1 +xC2).
Tak kak a =1 sBiseTcs ABa pa3a KOPHEM XapaKTEPUCTHYECKOTO YpaB-
HeHus, U m =1, To pelieHue ), HIIEM B BUJIE

ye=e - (bx+b)x* = e -(b0x3 +b1x2).
Torna y, =e" -(b0x3 +byx? +3b, x* +2b1x),

Vi'= € (byx® 4 byx” + 6, x7 + 4byx+ 6, x + 2y ),
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N3 UCXOJHOT'O YPpAaBHCHUA ITOJIYUUM

e’ -(b0x3 +byx? +6b,x? +4b,x+6b,x + 2bl)—
—2¢” -(b0x3 +bx% +3b,x* +2b1x)+ex -(b0x3 +b1x2) =x-e",

b, x> +bx* +6b,x* +4bx + 6b,x +2b, —2b,x> —2b,x* —6b,x* —
—4bx + b0x3 + b1x2 =X,
6b,x + 2b; = x,

6b :1, 2b1:0 = bOZ%, b1:O

o

1 3
Cie10BaTeNbHO, V, = gx -e*, u obllee peleHre UCXOIHOrO ypaBHe-

HUSI IMECT BUJL:
V=Yo TV = e’ (Cl +XC2)+%X3 e,
6) f(x)=e" -[Pm (x) cosbx + Ry(x) sin bx], rae P,(x) u Ry(x) — muo-
FOYJICHBI CTENICHA 7 M § COOTBeTCTBEHHO. Torma
ye=e™ -[SN(x) cosbx + TN(x)sinbx],
ecii uucno k = a+ib He sBIseTCS KOPHEM XapaKTEepHCTUUECKOTO ypaBHe-
HUS, U
. = x-e™ .[SN (x)cosbx+ Ty (x)sinbx],
ecit yucino k = a+ib sBISIETCS KOPHEM XapaKTepUCTHIECKOrO ypaBHEHUS ,
npu 3ToM N = max(m, s), Sy (x) u Iy (x) — MHOrowieHsl creneHd N ¢

HEOoIlpeIeIeHHBIMU KOd(UIIUEHTaMU.
Ilpumep 4.5. pemmTh ypaBHenue y" + 4y = 4(Sin 2x + cos Zx).

Pelienne. pemraeM COOTBETCTBYIOIIEE OJJHOPOIHOE YPAaBHEHHE.
V' +4y=0, k*+4=0, k==%2i, k =2i, ky=-2i
a=0, B=2,
v, = Cjcos2x+ C, sin2x.
Tak Kak Pm(x):RS(x)=4, o m=s=0, N=0, a=0, b=2 =
a+ib=2i — onuH pa3 KOPEHb XapaKTEPUCTUIECKOT0 YPABHEHHSI, YACTHOE
pellieHue Y, UIIEM B BHJIE
Vi =x(b, cos2x + ¢, sin2x).
yi =b, cos2x + ¢, sin2x + 2x (= b, sin2x + ¢, cos 2x),

yi=4-(=b,sin2x+c, cos2x)—4x-(b, cos2x + ¢, sin2x).

IloacTaBnseM B ypaBHEHHUE:
4-(=b, sin2x+c, cos2x)—4x-(b, cos2x +c, sin2x)+
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+4x -(bo cos2x+c, sin 2x) = 4(Sin 2x +cos 2x),

—b, sin2x + ¢, cos 2x = sin2x + cos 2x, oTKy1a
b,=-1 c¢,=1 n
Ve =X -(sin 2x — cos2x).
BrinuceiBaem oOliiee perieHue:
Vy=Yy,=ys =Ccos2x+ C, sin2x +x-(sin2x — cos2x).

CHUCTEMBI JIUHEWHBIX
JTUPO®EPEHIIUAJIBHBIX YPABHEHUI
C INIOCTOSAHHBIMU KO®OPUIIMEHTAMU

X;=x=Y
IIpumep . Pemmrts cucremy ,
v, =—4x+y.
Pemenue. W3 nepBoro ypaBHeHMsI HAX0 UM
YEX=X[, Y =X =Xy
[ToncTaBisieM BO BTOpOE ypaBHEHUE:
X, =Xy =—4x+x-x,, x;—2x;-3x=0.
[TosrydaeM oHOpOIHOE JIMHENHHOE ypaBHeHue. Haxoaum ero obiee pe-
IIEHUE.
k*=2k-3=0, k=12, k =-1, ky,=3
x(t) =Cie' + Cze3t.
Torna
BBIy(l) =X —x'(l) =Cee '+ Cze3t +Ce”' - 3Cze3t =2Ce — 2Cze3t.
BrinuceiBaem o611iee perieHne NCX0AHOM CUCTEMBI:
x(t) =Ce' + Cze3t

Wt)=2Ce™ —2C,e™.
Panb1

OmnpeneneHue. P}II[OM Ha3bIBACTCs CyMMa OECKOHEUHOI0 MHOYKECTBA cJiarae-
MBIX

U+ Uyt Ust. . AU .. (1)

0]
Coxkpauieno psjg o6o3navaercs tak: » U, .Unen U, Ha3bIBaeTcs 0OIIKUM Yiie-
n=I

HOM psiJa.
CyMMa n-niepBBIX YWIEHOM psijia
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Sn:U1+U2+U3+ cee +Un (2)

Ha3bIBACTCS YACTUYHOU CYMMOM.

Ecim lim S, =S, To psia Ha3pIBaeTCs CXOASIIUMCS S-CYyMMOM psijia.
n—»oo

Ecin lim S, =100, TO psig pacXoquTCs U1 CyMMBbI HE UMEET.
n—»oo

HeoOX0oauMBIN IIPU3HAK CXOJAUMOCTH PsLIA.

Ecmu psan (1) exogures, To lim U, =0.
n—o

JIOCT&TO‘IHI:I@ IMPU3HAKHU CXOAUMOCTHU PAOOB!

IIpu3HaK cpaBHEHUS.

Teopema 1. A) IlycTh psaabl

U +U+Us+. AU . 3)
V+V+Vit.. +V +... (4)
nosioxutenabHbl. Ecnu psap (4) cxoauresd, a wieHsl psijaa (3), HaunHas ¢ HEKOTO-

pOT0, MEHBIIIE COOTBETCTBYIONIUX UJICHOB psijia (4), To psajx (4) cxoaurcs; 6) Ec-
au psij (4) pacxoauTes, a YieHsl psjaa (3), HaurHasi ¢ HEKOTOporo, OOJIbIIE CO-

OTBETCTBYIOIUX WIEHOB psija (4), To psn (3) pacxoauTes.

0] [e 0]
Teopema 2. JIBapsna > U, u >V, OJHOBPEMEHHO CXOAATCS WU PACXOIATCA,

n=1 n=1
€CJIN OTHOIILICHUC UnZVn Ipu N — o0 CTPEMUTCA K KOHCYHOMY U OTIIMYHOMY OT
HYJIA IIpCAciy.

[Ipusuak JlamamoOepa.

: Un+1
Eciu uiennsl paaa 3HAKOIMOJIOKHUTCIIBHBL U 11m —_— = k , TO

0
n— n

npu k<1 psan cxoautcs, a npu k>1 pacxoaurcs.
Ecau k=1, To 3akimoueHune o cXoAMMOCTH psijia c/iesaTh Helb3sl. TpedyroTes Jo-
MOJTHUTEIIBHBIE Y CIOBHUSL.

PanukaneHbIi ipusHak Koy,

Ecin unens! psga nonoxurensusl 1 1im YV, =k, To npu k<1 psn cxoaures, a
n—>oo

npu k>1 pacxonures. IIpu k=1 TpeOyroTcst TONOJHUTENBHBIE UCCIIEJOBAHUS.

Hurerpanbuslii npuzHak Komm.
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Ecnu ¢pynkuus f(x) HenpepblBHAa, MOHOTOHHO YOBIBAET U MOJIOXKUTEIbHA JISI

x> a,To pan F(1)+H{(2)+(3)+...+f(n)+... cxoguTcs, eciau cXoauTcs HecoOCT-

o0
BeHHBIN uHTerpan [f(x)dx, T.e. OH IMeeT KOHEYHOE 3HAUCHHE U PSIJI PACXO-
a

AUTCA, €CJIK OTOT MHTCTpAI PaBCH 0O .

3HaKOYEPEAYIOUIUECS PSIBI.
Onpenenenue. Psij Ha3bIBaeTCs 3HAKOUYEPEAYIOIIMMCS, €CIIM JIBA €I0 COCETHUX
YjieHa UMEIOT MTPOTUBOMOJIOKHEIE 3HaKU. VicciaenoBanue cXxoIMMOCTH 3HaKOYe-
PEAYIOIIMXCS PSIJIOB MPOBOUTCS Ha OCHOBaHUM TeopeMbl JIeiiOHua.
Teopema. 3nakouepeayromuiics psg cxoaures, eciau: 1) Ero uinensl yobiBaroT
110 a0COJIIOTHOM BeJIMYUHE U 2) €ro oOUUid YWIEH CTPEMUTCS K HYJIIO TPU
n—oo.
Onpepenenne. 3HaKOUEpeYIOUUNACA PsiJT HA3bIBAETCS A0COIIOTHO CXOASAIINMCS
€CJIM CXOJIUTCS PSJl, COCTABJICHHBIN U3 a0COJIOTHBIX BEJTUYMH €TI0 YJICHOB.
Ecau ke psaj u3 abCOMOTHBIX BEJIUYUH PACXOAUTCS, TO 3HAKOUYEPEAYIOIIUIICS
PSJT CXOJIUTCSI YCIIOBHO.
Jlyig 3HaKouepeayIoerocs psjia, y1oBieTBopstoiero reopeme JleitOuuia,
ommnOKa npuOIMKEHHOTO PaBEHCTBA S~ S, BeJIET 10 a0COIOTHOM BEIMUYNHE

MEHbIIIE TIEPBOr0 OTOPOIIEHHOIO YjieHa |Rn +1| <U,,,TIe

R=Uy+1+Uppt... OcTatok 3Toro psjaa uMeeT 3HaK CBOEro nepBoro uieHa Uy..

Crenennoii psia. Paguyc cxoauMocTu.
CreneHHoil psAl UMEET BUJ
dg+ aX + ayx: + ..+ a,x" + ... (5)
rlie a,-Ko3¢h UIUEHT cTeneHHOro psja. CXOMMOCTh CTEIIEHHOTO Psijia 3aBUCUT
OT BEJINYMHBI X.
Onpexnenenne. THTEpBaIOM CXOAMMOCTH CTENEHHOIO Psi/Ia Ha3bIBAETCS UHTEP-
Baa (-R, R) Takoii, 4To JUIs1 BCAKOI TOUKHU X, KOTOPAst JIEXKUT BHYTPH 3TOTO MH-
TepBaJIa, s/l CXOIUTCS, U K TOMY K€ a0COJIFOTHO, a JJI TOYEK X, JIEKAIINX BHE
ero, paxn pacxoaurces.Huciio R HazpIBaeTcs paJinycoM CXOAUMOCTH.
Paanyc cxoquMocTu CTENEHHOTo psijia (5) MOKHO ONPE/IEIIUTh Yepe3 ero Kong-
(UIUEHTHI

R = lim|- % (6)
n—oo|dy 1

nJin

R=— )
lim %/ a
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Pajnuyc moxeT ObITh paBeH (0, €clii UHTEpBal CXOAMMOCTH BBIPOXKIAAETCS B TOU-
Ky, R =00, eciti psiy cXOAUTCA HA BCEIl YMCIIOBOM OCH.

Ciietyet Takxe ucclieIoBaTh CXOJAMMOCTD PsAJia HAa KOHIIAX UHTEPBAJIA, T.€. IIPU
x =R . Jlna psanos Buga (8), (9) u (10)

ag +ax +a,x> + . +a,x T+ (8)
ap+ax® +axt . ta x" + 9)
dg+ay(x =N +ay(x =0+ +a, (x—0)" +... (10)
HHTEPBAJ CXOAMMOCTH HAXOJUTCS MO Mpu3HaKy /lasambepa,
lim |2t | < | (11)
n—oo n
Paznoxenne pynkiuu B psig Teitnopa u Makiopena.
2 3 n
Kl x+ b S+ 4 x-moBoe (14)
2! 31 n!
3 XS X2n+l
sinx=x——+——...+(=1)" ———+... x-moboe (15)
31 5 2n+1)!
2 4 2n
cosx:l—X—+X——...+(—1)n X .. x-moboe (16)
21 4l (2n)!
2 3 n
In(14+X) =X ——+—— .+ (D" 2 1<x<] (17)
2! 3! n
(1+x)™ lemx e R@ED o
N m(m—1)....(m—(n—1)m) L l<x<l (18)

n!

IIpumep 1. Haiitu cymmy psiga.
JlokazaTb CXOUMOCTB psJa, OJIb3YSICh HEMIOCPEACTBEHHO OIPEIEICHUEM
CXOJIUMOCTH.

® 1
> .
n=1n(n+1)(n+2)
[IpeacraBum o6muit ieH psjga U, B BUJE CYyMMBI pocTelux apooeit
1 A B C

n(n+1)(n+2): n n+l n+2

YMHOKasi Ha 3HAMEHATEIb JIEBOU YaCcTH, IPUIEM K TOXKIECTBY
1=A(n+1)(n+2) + Bn(n+2) + Cn(n+1).

ITonaras nociegoBatenbHo n =0, -1, -2 Haxo UM
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Taxum oOpazom

501051
Otcrona
1 2 1
S, =—(1-=+—-+
! 2( 23
:l(l_Lﬁ_
22 n+l

n—oo

— ).
2 n n+l n+?2
1 1
U=—(1-=+-
! 2( f
1.1 1
Uy=—(———+—
2 2% 3 )
1.1
Us=—(———+—
3 2% )
1 2 1 1 2 1 1 2 1 1
— 44—+ -+ + =
2 3 4 3 4 5 n-1 n n+l n+2
1
n+2)
1.1 1 1 1
imS. =lim—-(~——— =—,
lim S, = lim > (= "9+ 7 )=y

2
n=-1 1=-B, B=-
n=-2  1=2C, _1

gl 11
2 n n+l 2 n+2

1.1 2 1
Un :_(__

!
CJ'I@}IOBaTeJ'IBHO, pAd CXOOAUTCA U UMECT CYMMOU — .

IIpumep 2. MceneoBath Ha CXOUMOCTD Pl Y 1-4-7..(3n-2) .

n=1 2n+1 .

n!
[Tpumenum npusnak laiambepa
1-4-7..(3n-2) 1-4-7..(30=2)(3n +1)
U, = s Upn = ;
2+ 2 (n+ 1))
o U, .. 1-47.0Gn-2)3n+1)-2"*".n! 3n+1
lim =lm—5 = lim -
noo Uy noe 2" .(n+DE-4-7..30-2)  now2n+2
3+ l
= lim — % =>>1.
n—>oo 2 + z

n
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3
Tak kak npcacii paBCH 5 > 1, TO OTOT PAL paCXOAUTCH.

IIpumep 3. UccienoBaTh Ha CXOUMOCTD PSiJ Z w - 3HaKOYEpe-
JIYYOIIUIACS.
YsneHsl psijia Mo abCOMOTHOM BEeIMYMHE YOBIBAIOT

2 3 4 5

—>—>—>—>

19 29 39 49

| 1
Lot L1 20
m m =— .
n

Teopema JleliOHuiia /111 JAHHOTO Psijia HE BBIMOJHSICTCS, 3HAYUT JaHHBIN psijl
pacxoIUTCs.

HQI/IMep 4. VicceoBath Ha aOCOMIOTHYIO CXOJAUMOCTb PSiJT

( 1)n+l 1
(3n - 1)
‘{neHH JTAHHOT'O psijJia 1o abCOJIOTHOM BEJIMYUHE YOBIBAIOT.
RN O SR I
22 52 8% 117
. . n+l1 1 |
lim U, = lim (=) ————=5=—=0
n— o0 n— o0 (3n-1) ©

CrenoBaTenbHO, TaHHBIA PsiI CXOAUTCS M0 TeopeMe JleiibHuIa.

YToO6k! pemuTh BONPOC 00 aOCOIFOTHON CXOJUMOCTHU 3TOTO Psijia, COCTABUM PSJT

13 a0COJIIOTHBIX BEJIMYUH €TI0 WICHOB.

ITonyunm Z—
n= 1(31’1 1)
[Ipumenum uHTErpasibHbIi npusHak Komm
©dx b dx 11 P 111
- —— =1 — . - __ ="
{(3x—1) bﬁ?o{@x—) Jim ) T T3dm G T T

HHTerpan cxXoauTcsi, O3TOMY CXOJUTCS PsiJl U3 a0COTIOTHBIX BEJIMYUH.
3HAUUT, 3a/IaHHBINA psAJT CXOAUTCS] a0COJIOTHO.

o0
IIpumep S. UccnenoBatk Ha CXOJIUMOCTD psijJ Y, arctg >
n=l n-+

HpI/IMeHI/IM IMPU3HAK CPABHCHUA PsIA0B.
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o0
JInst cpaBHEHUSI BO3BMEM PAJT
n=11

o0
BECTHOTO PACXOJAIIEr0Cs TapPMOHMYECKOTO psaa > — .
n=11

1
> 9
n+2 n+2
3HAYUT 110 TEOPEME CPABHEHHUS PSJOB JAHHBIN PsIi TOKE PACXOIUATCS.

arctg

® 3+2n 2
[Ipumep 6. UcciienoBath Ha cXOAUMOCTS psif Y. ( " 4"
n=1 N+

[Ipumennm panvkanbHblii npuzHak Komm
2

n n n
, 3+2n . (4(2n+3) . (8n+12
lim 0 41 =lim|——| = lim =
n—»>oo n+1 n—>oo n+1 n—>oo n+1
n
8+E
= lim 0 =8 =0>1.

e 1+l
n

3HAYUT, JAHHBIN PAJl paCXOUTCS.

[e 0]
IIpumep 7. UccnenoBath Ha CXOAUMOCTD P D, ? Jmn
n=1\n" —1)inn

Cnauana cpaBHUM PsJIbI

(nz —l)lnn n’lnn nlnn’

n n 1
>

o0
Uccnenyem psa Y. .
n—2nlnn

[IpumMeHnM MHTETpaNbHbII Tpu3Hak Komm k aToMy psy:
© dn _*d(Inn)
>nlnn 5 Inn

:lnlnn|;>:oo—lnln2 =00.

1 .
> , TO JaHHLIN P paCXOAUTCs TaK JKE, KaK

Taxk xak 3
(n —l)lnn nilnn
© 1
nonlnn
0 n3 n
[Ipumep 8. Haiitn 061aCTh CXOIUMOCTU CTEIIEHHOTO psiia . 2X .
n=11 +

Haiinem paguyc cxoaumocTu

KOTOPBIN pacXOUTCs, KaK YacTh U3-

26



n3(n+3) . n+3 n’

R=1 =1 .t =1.
n1—r>20(n+2)(n+1)3 ) nl—I>I<>10(n+1)3

1 1
Tak xkak R = 1, 1o psax cxoautes B mpomexyTke (-1; 1).
[IpoBeprM KOHIIBI TOTO IPOMEKYTKA.

® no3
(-1): moacTaBUM B JaHHBINA PSiL, MTOJYYUM PSIT Z(— 1) 5 3HAaKOUYEepeIyIo-
n=1 n-+
110505(: 8
Hccnenyem ero no teopeme JleiiOnuna.
1 8 27
1) —<—<—<
3 4 5
3
n 1 1
) n1—I>Iolo n+ nl—ISo i i 0
n’? n’

Hu oano ycioBue TeopeMsl JIeiiOHUIIA HE BBITTOIHAETCS, 3HAUUT PSIT
pacxoauTtcs. 3HaYUT X = -1 He BXOJUT B UHTErpasl CXOAUMOCTH.

3
. Z n
(+1): noicTaBuM B JAHHBIH psijl, IOJIYYUM .
n=11 + 2

[1o HEOOXOAMMOMY IPU3HAKY CXOAMMOCTH 3TOT PsIJL PACXOAUTCS, T.K.
3

. n
lim =00.
n—oo N + 2
3HauuT psax cxoxures npu —1 <x < 1.
y © (x-1)"
[Tpumep 9. Haiitn 001acTh CXOAMMOCTHU CTENEHHOTO psija . m
n=1 n+

[Ipumenum npusznak JlanamGepa
-2 @+3) el 43 [x-

n+l

i =1 <1.
U | A 2 e d)x 1) | a2 nd 2
-1
— <1
x—1<2;
2<x-1<2;
-1 <x<3.

HpOBepI/IM KOHILI 5TOI'0 MHTCPBAJIa

CD): § 0 S D G ) e G Vi

n=12"(n+3) n=12"(n+3) no1n+3
DTOT psii cXoauTcs 1o Teopeme JlelOnuia, T.K.

1 1_1_1
—>=>—>—> .
4 5 6 7
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——
nl—r}c}ol’l-i-?) o]
= 3-1 = 2" © 1
O i (0s3) =27 (03) Zin3

=0.

© 1
HOqueHHBIﬁ pﬂﬂ paCXOﬂI/ITCH, KaK 4aCTb FapMOHI/IquKOFO pSII[a Z —. 3HaLH/IT
n=11

MHTEpBAJ cXoauMocTu — 1 < x < 3.

IIpumep 10. [Tonb3ysach OCHOBHBIMU Pa3il0KECHUAMH, HAIIMCATh PA3JI0KEHUE B
crerneHHoi psa (psax Makiopena) pyHKuu y =+/1+x.

[IpuMeHuM OMHOMHUHATBHYIO GOPMYITY.

(1+x)™ :1+mx+—m(m_1)x2+...+m(m_1)'" (m_n+1)xn+... .
1-2 1-2...n

®opMyna BepHa I BCEX X, YAOBICTBOPAOLIIMX YCI0BUI0 —1 <x < 1.

1
Tak kak V1+x = (1+x)2, T0 m:%.

R R0
1+x:1+5x+2 2 ><2+2 2 2 x3 +

1-2 1-2-3

LYY LN
2.2 2 2 4
+ X
1-2-3-4
ITocne ynpoienus noy4um
«/1+X=1+1X—LX2+ L3 x> — 1:3:5 x* +
2 24 2-4-6 2-4-6-8
+(—1)“1'3'5“'(2n‘1)x“+
2-4-6..2n

D10 paszioxeHue BepHO B —1 < x < 1, Tak ke Kak 1 OMHOMHUHAJILHOE Pa3JioxkKe-
HUE.

Torna

cee

[Ipumep 11. Paznoxuts B psia Teitiopa B OKPeCTHOCTH TOUKH Xg = 3 QYHKIHUIO

1
y=—.
X

3anuieM psia Teitnopa nias pyuknuu f(x).

T B

(n—1)

. 1
Haiijiem npousBoiHbIe OT GYHKIUK Y = —.
X
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X
y'=—X—12 y'(3)=—3i2
v Y=
yr=-2F y’"(3):—%

IToncraBum B psia Teitnopa
B
x 3 3.
[Tocne npeoOGpazoBaHus MOJTyUUM
2 3 n-1
1.1 x-3, (x-3) (x-3) +...+(—1)”+1(X—3)+
Haiifem nHTEpBaJI CXOAMMOCTH NOJIy4YEeHHOTO psaa. [I[pumenum npusnak /la-
Jamoepa.

(x—3) - 33 '_33‘ (x=3) +...

33.21

| (x-3)a
=—x-3/<1;
i{?; 3n+1(x-—3)n_1‘ |X |<
k—ﬂ<3;
3<x-3<3;
0<x<6.

Uccnenyem koH1bl 3TOro uHTEpBaa. [logcraBum X = 0 B 1aHHBIN psijl, TOTY-
YUM

1,3,3 3 1,11
3 32 3 3% 7 3 3 3

. _ 1
JlaHHBIN psA pacxoquTces, T.K. y Hero lim U, = 3 #0.
n—-»oo

Hccnenyem Touky X = 6.
13 3 3 1111
-+t =———t+———+..
3 .32 3 3 3333
JlaHHBIH psii pacxoaUTCs, KaK KOJICOIIOIMUIACS psijl.

3HauuT, MOJYYEHHOE pa3jiokeHue B psij Teinopa GyHKIIMU y = — B OK-
X

PECTHOCTH TOUKH Xy = 3 cripaBeiinBo B (0; 6).

Lo
sin X
Ipumep 12. Beraucauts | dx ¢ Tounocteio 0,001. M3BecTHO, YTO
0o X
) x> x° x’
sinx=1-—+—-——+
3 57
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Torpa, pa3aenuB NOWIEHHO HA X, TOJTYYUM, YTO

sinx_ x? x* x°
X 315 7N
1 o: 1 2 4 6
sin X X X X
J’ dX:I l-— 4+ — —— 4+ ... dx =
0 X 0 3! 5! 7!

1
X3 X5 X7 X9
=x———+——— + -t
3.3t 550 7.7 9.9 0
1 1 1 1
3.3t 550 770 9.9

[Ipy BBIYMCIIEHUN MHTErPAIa MBI B3sUIA TOJIBKO 3 4UjieHa psija, T.K. YeTBEPTHIN
wieH 0,00003<0,001 TouHoCTH, € KOTOPOIl TpEeOYyETCS BEIYUCIUTS.

~+-=1-0,0555+0,0016 - 0,00003 = 0,946

IIpumep 13. Berancants onpeaeaeHHblid HHTErpai ¢ TOYHOCTHIO 0 0,001
1

3 dx

£V1+X4

Paznoxxum noauHTerpaibHyo GyHKINIO B CTEIEHHO psijl, UCIOJIB3Y sl pa3io-

sxerne (1+x)™ =1+mx + m(nzl'_l)x2 + m(m—g(m—z)x3 +--- y HAC X~X

m=—§ , TOr Aa IoJIyuuM

st A
(1+X4)2=1—5X4+ x% + 12

2! 3!
4
X +13 ] 135X12+1357X16+

X R
2 22 23.31 24 .4
HOI[CTaBI/IM HOHY‘ICHHO@ paSJ'IO)KeHI/Ie 101 3HAaK I/IHTeraJIa

1

3 4 ) 3. 3.5.

J.{I_X__'_ 13 8—135X12+1357X16+-'-jdx=
0

X
2 2220 23.3 24 .4

x> 1-3x° 1.3.5x8 1.3.5.7x"
B 2 T 53 T +
5.2 22.219  23.3L13 2% .4117
1 1 1-3 1-3-5

3 3°.5.2 22.219.37 2°.313".13
~0,3333-0,0004 + 0,00002 ~ 0,333
T.K. 0,000)4<00,001, mo3TOMy BTOpOIi YJIE€H psijla MOKHO OTOPOCUTH.

Q




