CteneHHble psaabl

Jlekunn12, 13, 14




PyHKUUOHANbHbIE pAObI

Paa, YneHbl KOTOPOro ABNAKTCA QYHKLUAMMU,
Ha3blBaeTCs QQyHKUUOHasIbHbIM U 0003Ha4YaeTCcH

u, (x)+u,(x)+...+u (x)+...
Ecnunpn x = X, PS4 cxoamTes, To X,

Ha3blBaeTCd TOYKOU CXOOQUMOCTU
doyHKUMOHaNbLHOro paga.

OnpeodesieHue. MHOXeCTBO 3HA4YEeHUN X, ONS
KOTOPbIX PYHKLUMOHAaNbHbLIN Psg CXO4UTCA,
Ha3bIBaeTCcsl 06M1acTbio CXOANUMOCTW 3TOro psiga.




[Tpumep pyHKUMOHANBLHOro psaga

PaccMoTpuM reoMeTpudecKkyto
Nporpeccuto co 3HaMeHaTeneMm X:

l+x+x>4+x> +.. +x"+...

[eomeTpuyeckas nNporpeccmsa cxogmTcs,
ecnu ee 3HamMeHaTenb x‘ < 1. Toroa oHa
MMEET CYMMY S =—— , KOTopas

] — y
o4HeBNOHO ABJIAETCHA a)yHKLI,VIel/I OT X.




CTeneHHble psabl

OnpeaeneHue. Paa

Q0
n 2 n
Y ax"=aytax+ax’ +..+ax"+..
n=0
Ha3bIBAETCA CTEMNEHHbIM MO CTEMEHAM X .
Pan

3 a,(x—xy)"=ay+a,(x—xy )+ ay(x—xp)*+...+a,(x—x,)"+...
n=0

ABINAETCA CTENEeHHbIM MO CTENEHAM (x—xo)




NMHTepBan cxoanMocCTu

cTerneHHoro psiga

[nsa noboro cteneHHoOro paaa cywecTByeT
KOHEYHOEe HeoTpuuartenbHoe 4Yncrno R - paguyc
CXOOQMMOCTM - Takoe, YTo ecnin R >0 | To npu
x| < R psim cxopmTea, a npu ‘x‘ > R
pacxoguTcs.
MHTepBan (-R,R) Ha3blBaeTCA MHTEpBarom
CXOOMMOCTU CTEMNEHHOro psaaa. Ecnm R = 400,
TO UHTEpPBar CXOAUMOCTU NpeacTaBnsaeT cooon

BCIO YMCNOBYIO nNpsimyto. Ecnnxe R =0, TO
CTEMEHHON pAg cXoauTcs Nullb B ToYke x=0.




HaxoxpeHne nHtepBana cxoaMMocCTH Mo
npu3sHaky Janambepa

CocTaBuM psig U3 abCcontoTHLIX BENMUYUH YI1EHOB
CTENEHHOro psiaa u Haungem UHTepBar, B
KOTOPOM OH DyadeT cxoauTbes, Toraa B 3TOM
NHTepBarne gaHHbIW CTENEHHON pan doyaer
cxoanTbcs abcontoTHo. CornacHo npusHaky
Nanambepa , ecnu

n+1

a X

n+1

fim Pl
n—>0 u, n—o | fx” , 10
cTeneHHon paa abCconioTHO CXOOMTCH ANns BCEX

X, YOOBNETBOPSIOLLINX 3TOMY YCINOBUIO.

<1

= lim




[lpoaomxeHue

B aTOM cny4dae pag OygoeTt cxoauTbCa BHYTPU
nHtepsana (-R,R),rae R-ato paguyc
CXOAUMOCTU psaaa:

R =lim =

n—oo

a

n+l

3a npegenamm 3Toro MHTepBarna psag oyaer
PacXoOuTbCH, a Ha KOHUAaX nHTepBana, rae

n+l

a . . |X

n+l1
—=1 | TpebyeTtcs
a ||X

n

lim

n—>0

AOMNOJTHUTEJIbHOE NCCJieaoBaHUE.




[Tpumepsl

Hantun nHTtepsan cxogMmocTu paga

n

© X
,/Eo 2n+1
" (20 +1) ot ] 2n
. _ 1 _ m— =|x| <1
’}glgo (21 +3)- |x|" nlglgo |x| 2n+3 |x‘ nh—?;lo 2n |x‘

CnepnoBaTernbHO, Psia CXOOUTCH
abcontoTHo B nHTepsane (-1,1).




[Tpumepsl

[Tonoxum x =1 . Torga nony4ymMm 4YMcnoBowU
pan I 37ot psag pacxoanTes

(CpaBHUTE €ro ¢ rapMOHNYECKUM PALOOM).

[lonaraga x = -1, umeem ~ ( l)n
3HaKko4yepeayroLwumncs pag 2.
KOTOPbIN CXOANUTCS YCIOBHS B 1 y
Teopembl JlenbHuua.

VITak, cTeneHHOU psa CXoOuTCA B
npomexyTke [-1,1).




[Tpumepsl

Hantn nHTtepBan cxogMMoCTU CTENEHHOTIO

o x" x" x"
psiaa Z_ .3pecby =" = ,
nan! "onl 1.2:3-...-m
X" X" Toroa
T ) 12 snt])
— xn+1123n —
lim .| lim i lim i

n—»00 |l/ln| ”_”0123}/1(714—1)‘)6‘” n—o0 1 +1




[IpopomnxeHune

1
_ o tim ——=[+|-0=0
n—o n+1
Ho 0<1 Bcerna, T.€. HE3aBUCUMO OT X. ITO

O3Ha4yaeT, YTO CTENEHHOWU psAa CXOOUTCH
He3aBUCUMO OT X, T.e. Ha BCEN YNCITOBOU
NPAMOMN.

ITak, MHTepBan cxogMMOoOCTK paaa - 31O
NPOMEXYTOK (_ oo,oo) .




[Mpumep

o0

HanTu nHTepBan cxogMmMocTu paaa > nlx"
n=I

(n+1)!|x‘

lim = lim
n—>0 n"x‘n n—>o0 1.2-3-...-n

n+1

1-:2-3on(n+1)x

= lim (r+ 1)} = |x| lim (n+1)

n—>00 1—>0

OTOT Npeaen MoXeT ObITb MeHbLUE eANHNLIbI,
ecnu Tonbko x=0 (MHa4ye oH BbyaeT paBeH
6ECKOHEYHOCTU). OTO O3HAYAET, YTO CTEMNEHHOM
pPsa cxogmuTca nuilb B To4ke X=0.




CBoucTBa CTeMNeHHbIX PpAOoB.
HenpepbIBHOCTb CYMMbI psigaa
1. Cymma cTeneHHoro psaa

S(X)=a, +ax+a,x’ +..+ax" +..
ABNAETCA HeNnpepbiBHOU PYHKLMEN B

KaXXOoW TOYKe MHTepBana cxogMMoCTy
9TOro psaga.

Hanpumep,

S(x)zL:Ierer2 + X x4

— X
HenpepLIBHA , €CNIN [y < |




[TouneHHoOe
anddepeHunpoBaHue

2. Paa, nony4vyeHHbIN NOYNEeHHbIM

anpdepeHUMpoBaHNEM CTENEHHOIo psaa,
ABNAETCA CTENEHHLIM PAAOM C TEM Xe

MHTEPBANOM CXOOMMOCTU, YTO U JaHHbIN
psaa, NPUYeEM ecnu

S(x)=a, +a,x+a,x’ +..+a,x"+..,
TO

S'(x)=a, +2a,x +3a,x* +...+na x"" +...




[louneHHOEe UHTerpupoBaHue

3. CteneHHOM psia MOXHO MOYNIEHHO
MHTErpnpoBaTb Ha JItoOOM NPOMEXYTKE,
LENMKOM BxoAdsALLEM B UHTepBar
CXOAUMOCTW CTENEHHOro paaa, r|p|/| 9TOM

j‘S(x)dx=]iaodx+ja xdx + .. +Ia x"dx +..

ne («, ) < (~R,R) -




Pa3noxeHune pyHKUMU B
cTeneHHble paabl




OnpepeneHus

Onpedenerue. Ecnn 6eCKoOHEYHO

anddepeHumpyemas @yHKUNA ABNSETCS
CYMMOW CTENEHHOro psada, TO roBOPSAT, YTO OHa

pasnaraeTcd B CTENEHHOU paa .

Onp. Pagom Tennopa yHKUmK f(x) HasblBaeTCH
PAO, KOAAPDULIMEHTLI KOTOPOro onpeaenstoTcs

(n)
no oopMynam g = f (IXO) , T.e. psig
© £ n. « £
> ey 3 DS

: |
n=0 n=0 n.




CteneHHOM psAAa Kak paa Teunopa

Teopema. Ecnn B HEKOTOPOW OKPECTHOCTU
TOYKM X,

f(x)=a,+a(x— X )+..4+a, (x—X,)"+.:
TO paA4 cnpaBa ecTb ee paa Teunopa.
Kopoue: ecnn pyHKUUA NpeacTaBreHa B

BMUOE CTEMNEHHOro psaa, TO 3TOT psAa
ABNseTcAa ee pagom Teunopa.

[1lpepctaBneHne oyHKUUN ee paaom
Tennopa egqUMHCTBEHHO.




Popmyna Teunnopa

PaccMmoTpum n-10 YaCcTUYHY CyMMYy pada
Teunnopa:

5,0 = 1)+ L0 (o)t
ITOT MHOI'O‘-IJ'IeH Ha3bIBaETCH
MHOrodneHomMm Temnopa PyHKUUN [ (x) .

Pa3HOCTb R (x)= f(x)-S, (x) Ha3blBaeTcs
OCTaTOYHLIM YfieHoM pgaga Teunopa.

f(n) ()
2!

(x—x,)"




dopmyna Tennopa ¢ OCTaTOYHbIM
yneHom B chopme JlarpaHxa

OcTaTo4HbIN YneH B doopme JlarpaHxa
NMMeeT BUA.

A
R, = (n+1)!

f()

n+l

(x—x,)"", 20e ce(x,,x)

Toroa
I
f(x) = fx)+ ()" +o
Ha3bIBaETCH cboplvlynovl Tevmopa C
OCTaTO4YHbIM 4YneHoM B doopme JlarpaHxa.

f”( 0)

( . x() )n+1

(_o)++




YcnoBusa cxogunmMmocTu psaga
Tennopa K pyHKkumnmn y=f(x)

Lris mo2o ymobbi gbyHKUUO MOXXHO bbI1s10
pa3srnoxume 8 ps0 Teurnopa Ha
uHmepsarne(-R,R),Heobxo0umo u
docmamoyYyHo, Ymobb! yHKUUS Ha 3mom
UHmMepearie umersia ripou3Bo0HbIE 8CEX
ropsioKko8 u Ymobbl ocmamoYyHbIU YrleH
opMyribl Teurnopa cmpemurica K Hyrto
npu ecex x € (—R,R)npun — o




JJocTaTouyHble YyCNOBUA Pa3fioXXUMOCTHU
doyHKUUN B paf Tennopa

Ecnu eoyHKkyus f(x) Ha uHmepesarne (-R,R)
becKkoHe4YHO oughghbepeHyupyema u ee
MPOU3BO0HbIE PaBHOMEPHO O2paHUYeHbI 8
COBOKYIrnHocmu, m. e. cyuecmeayem
makasi KoHcmaHma M, umo 05 ecex

x € (—R,R) ebinonHAaemcs ycrosue

qlf(”) (szg M npu n=0,1,2,..., mo
VHKUUIO MOXKHO pa3fioxXums 8 ps0
Teunopa Ha amom uHmepasarie.




PasnoxeHue () = ¢*

Bce nponsBogHblie 3TOU OYHKLUMM COBNAaaloT C
camMoun pyHKUMeEN, a B Touke X=0 OHM paBHbI 1.
CoctaBum anga pyHKumMmM doopmarnbHO paa

MaknopeHa: x  x’ X"

l+—+—+..+—+..

1 2! n!
OToT psiAl, O4EBNAHO, CXOAUTCS Ha BCEW

ymucnosou ocun. Ho Bce nponsBodHbIe beHKLI,I/II/I

PAaBHOMEPHO OrpaHMNYeEHbI, T. K. Ef(nﬂ) (c) = e < ok
, rne R-ntoboe 4yncro n3 nHtepea

CXO,EI,I/IMOCTI/I. [ToaTOMY 3TOT psg cxoauTcH

MMEHHO K DYHKUMN ¢ |




Pa3noxeHue 8 psi0 CUHyca.

Bbluncnnm Nnpon3BOA4HblE CUHYCA.

e o
f”(x) — COS()C -I—%) — Sil’l(x 4+ 2%) f”(o) — 0
fm(o) — 1

£"(x) = cos(x + 2%) = sin(x + 3%) F90)=0




lpodosnxkeHue

AcHO, 4YTO BCe NPON3BOAHbLIE CMHYCA He
NMPEeBOCXOOAT MO MOAYM0 eanHuLy. Tak
4YTO 3anuLIeM psag, KOToOpbIn OyaeT
Pa3oXXeHNEM CUHYCa:

X3 X5 X2n+1 2n+1

n . C 1\ X
3 g et (2n+1)!+"‘§)( Y anrr

SINX= X—

Npu 3TOM BUOHO, YTO 3TOT pPAL CXOOUTCH
Ha BCEen YNCITI0OBOU OCMW.




Pa3noxeHuss HeKOmopbIx
yHKUuU 8 psio Teusnopa

[Mpwn pelueHnmn 3agad yoobHO Nonb30BaThCS

pa3no>|<eH|/|%M|/|' N .
1. & = 1+X+X—+ +—+ —Z—Xe(—oo )

1 L )’
X3 X5 X2n+1 0 2n+1
2.8inx=x=g+ gy o ; 2D
2 2N 2N
3.cosx:1—X +X4—...+(—1)” X —..= (—1)” X

21 41 n)! "= (2n)!




[lpoaomxeHue

[eoMeTpuYecKyto NPOrpeccuto Mol

NONy4nnmn BblLLe:
1 00
4, — _q1- 2_ +(=1)" 22:_”
T x 1- X+ X —..4+(-1)"x"+.. mo( 1)"x"./x/[]1

NHTerpumpysa rno x obe 4yactun paBeHCTBa,

nony4ymnm norapudpmMmmyeckmn pag.

5. _ _X2 X3_ _ n+1£ _ N . ml&
In(1+ x) = x 2+3 .+(-1) n+..—;( 1) ot




BbnHoMmunanbHbIN pPAA

3 5 2+1 2+1
6. XX ! - !

arcigxy = x——+—-..+(-
. J ) 2n+1 Zj 2+l
7 (I+Xx)" =1+ nx+ rr(m—l)x+ +
. 2'
Mm—l)(m—Z) (m—n+1)
n! -
:1+Zn1m—1)...(m—n+1)xn
n!

buHoMuanbHbIU, TO2apuhmuydeckul psidbl U psio
ds1s1 apKkmaHa2eHca cxodsimcsi 8 uHmepeaisne (-1,1).




[MTpumep

Pa3noxutb B pag Tennopa no cteneHsam X yHKLUMIO
f(x)=3/27-x

PeweHue. 3Hagda pasnoxeHue oyHKUNN B

BMHOMMArbHLIN psaa, cxoaawmncs Ha nHtepsane (-1,1),

npeobpasyemM gaHHYy OYHKUNIO TakK, YTODbI
BOCMNOSb30BaTbCA OMHOMUASTbHBIM PSOOM.

X X X 2
3 —_ — 3 —_ ) = —— = ——)3
327 — x \/ 27(1 217)1 1 31 27)

27

1 —(=z-1
3 = 10Xy, 33 (2Pt
27 3 27 2! 27




llpumMeHeHUe cmeneHHbIX
psioos




[MpnbnmxeHHoe BblYNCNEeHUe

MHTerpanos

PasnoxeHna 1—7 no3BonstoT, UCMOSb3YyA
COOTBETCTBYHOLLEE pa3fioXeHne, BbIMUCNATL
NPUONMXKXEHHO 3HAYEHUA PYHKUMNW, UHTErparnsbl,
NPMONMKEHHO NHTErpMpoBaTh

onddepeHumnanbHble ypaBHEHUS.

[loumep . C NnoMOLLbIO CTENEHHOrO psaa
BblYNCIINTL € ToYHOCTbIO Ao 0,0001

}e"zdx
0




PelweHue

Pas3noXxmm nogbiHTErpanbHy oyHKUUIO B
CTEMNEHHOW pAA;:
(x°)° (X°) (x
e—X2 _ 1 2

— X + o1 — 3 + A +...
1 1
{e)‘zak:'([(l—x%); ); X . )dx=
1 1 , 1X6
{ _([xob<+_[2lab< j3ldx+j4|dx

-
X X X’ X
“Ao-3hro56: 7‘ " 24,907




[lpoaomxeHue

7 9
1X31X51X1_|_X

- 10 3100 2.510 .70 24.9
1 1 1 1 1
=l-—+—=—-—=+ +..
3710 42" 216

Tak Kak nony4YmsLLMACA pA ABNSETCA 3HaKodepeayLmnMes, TO
CyMMa 3HakodyepeayoLLLerocs psiaa He NpeBOCXOAUT NEPBOro YneHa
TaKkoro psiga. SICHO, YTo YacTb psaa, KOTOPYIO B 3adade crneayet
OTOpPOCUTB, TaKKe ABNSAETCHA 3HaKoYepeayLLMMCS PSAOM U ero
CyMMa He NpeB30iAeT MoAyrsi NepBoro oTopoLLEeHHOro YneHa psaa.

Takmm obpasom, NepBblin OTOPOLLUEHHbIN YNEH psaa AOMKEH ObIThb
MeHbLUe 3agaHHoW norpewHocTty, T.e. 0,0001.

o= =
O [ I B




[lpoaomxeHue

Bbluncnume eLle HECKOMNbKO YS1eHOB pA0a

1 1 1
1320° 9360° 75600
1
BUOMM, YTO
75600 10,0001

OTO6poCKUB 3TOT K CrieayoLmMe 3a HAM YneHbl paaa,
MONYy4YnM:

1
11 1 1 1 1
%
12 - 07
{e =13+ 0 22" 216 1320 " 9360 /¥




lNMpubrniuxxeHHoe eblvyucsieHUe
3Ha4YeHUU QyHKUuuUU

Bolunmcnnte 3/10 ¢ TouHocTbo go 0,001.
[Ipeocbpasyem

1
V10 = 3‘/8% = 23‘/1+§ = 23/14 0,25 = 2(1+0.25)3

Bocnonb3yemcs 61I/IHOMI/IaJ'II:>HbIM PAOOM
npu x=0,25 U m = 3




lpodosmkeHue

[Tony4ynm
1.1 11 1
i 5(5—1) g(g‘l)(g‘z)
10 ~ 214025+ 0,25% + 5 0,25°) ~

~ 2(1+0,0833 10,0069 + 0,0009) ~ 2(1+0,0833 — 0,0069) ~
~2,1528~ 2,153.




