Jlekuma 1



Teopua panoB. Cozpatenu

OrtocteH Jlyn Kowwn (1789-1857)
— PpPaHUY3CKMM MAaTEMATUK N MEXAHMUK,
yneH MapuxKCKOM akageMnm Hayk,
JIOHAOHCKOro KOpPOo/IEBCKOro 0b6LecTBa,
MeTepbyprckom akagemmm Hayk u
APYrux akagemmm,

Pa3spaboTtan pyHAaMEHT
MATEMATMYECKOro aHaNM3a, BHEC
OrPOMHbIN BK/1aA B aHanm3, anreobpy,
MATEMATUYECKYIO PU3NKY N MHOTUE
aApyrune o61actu matemaTuKn; OanH U3
OCHOBOMOJIOXHNKOB MEXaHUKU
CNIOLWHbIX cpea. Ero nma BHeceHo B
CMUCOK BENMYANLLINX YYEHDBIX PpaHumu.
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Teopua paaos. Cospatenn

«Pabomatime, pabomaiime —
a NOHUMAHUe Npuoém nomom»

ot

¥aH Nlepon O’ Anambep
(a’Anambep, Nanambep)

(1717 — 1783) — ppaHLy3CKUM
YYEHbIN-3HUMKNoneaucT. LLinpokKo
N3BECTeH KaK PUNocoP, MaTeMaTuK
N MEeXaHUK. YneH MHOormx
akagemun.

B matemaTtuke:
andpdepeHuUmnanbHOEe UCHNCNEHUE,
Teopua paaoB, rMAPOANHAMMKA,
andpdepeHumanbHble YpaBHEHUS,
obuwaa anrebpa, HebecHasn
MEeXaHWKa n ap.



Yucnosble pAagbl

OCHOBHbIE NOHATUA
L*|I/ICJ'IOBbIM pFI,EI,OM HAa3blBaAeTCH Bblpa>l<eHI/IexBI/I,£l,a

ap+a; +.+a,+.= > a,
n=1
rae a,.a,. - - uYneHbl psaa, d, - obLwmin YneH psaa,

k
S, = a, -k-asvacTuyHas cymma pspa. 4, = f(n)
n=l

Pan cxoauTcsl, ecnm lim S;L- =5 . s-— cymMmma paga.

C—> 2T

Pag pacxoauTcsl, eCnu }_iﬂ} S,  BeckoHeyeH unu
) HE CYLLeCTBYeT.




1+243+4+---=>n pacxooumcs

1_,_1_'_1_'_1_'____:21 pacxooumcsa
n=1
1_1+1_1+___=Z(_1)w pacxooumcs
n=0
1‘l'i+l+i+---=z:l pacxooumcs
2 3 4 n=1 1
1+l+l+l+“'=z i CX00Umces
2 4 8 n=>0 ZF?
1 1 1
1+ —+ +---=Z — cX00UmceA
10 100 n=0 IOFT
1 1 1 1 1
l+—+—F+—+—+—+-- ‘?

2 3 5 7 11 .



[eomeTpUUeckas nporpeccus

2 .
[ocneposatensHocTb  a,a,q4,a,q " ,a,q" ,*

a =a _q: g - 3HaMeHaTenb NPorpeccumn.
71 11— 2 1_q”
— . S =d
a” alq . 7 1 1_q
[1ns1 6eCcKOHEYHO yObIBatoLLEN TEOM.MPOrPECCUN
. a
(b.yrn) §— limS = 1 1 (‘q‘ < 1)
H—>0 — q

NMpumep. 10

1+0.140,01+0,001 4+ =L 111... =~



« BeckoHe4Ho yObiBatoLLLaa reomeTpuyeckas Nporpeccus

1 1 1 1
= — =1
2??

n=1




CBouncTBa pAaosB

CBouctBo 1. Ecnu otbpocutb KOHEYHOE YNCO
4YrleHOB psada, TO OCTaBLUMNCS psa dyoer
CXOOUTCA UM pacxoanuTcs COBMECTHO C
NCXOAHbIM.

Hokazamenbcmeo. [1yCTb N — CTapLLIUN HOMEP U3
OTOPOLLUEHHbIX U S1— CcyMMa OTOPOLLEHHbIX
YreHoB, a S2 — ocTaToKk psga. Toraa

Sn=31+ 82
lim Sn — Sl + lim SZ

n—0Co n—00



CBouncTBa pAaosB

Ceoncteo 2. Ecnmpag » a, =S cxoantca u
n=1

¢ — NPOM3BOMNLHOE YUCHO, TO ) ca, =c-S

n=1

CBouctBo 3. Ecnu pagbl Zaﬁ =A v an =B

n=1 n=1

CX0OsATCH, TO CXoAuTCA U psa i(a” +h )=ALB

n=1



4. Heobxogmmblin NPNU3HaAK CXoOUMOCTU

Ecrnv psp Zan CXOAMTCA, TO limg =0 -

n=1 N—>0

Jlokazamenbcmeo. S =8 .+
lim S” = lim ,S”_] +lma,
J U J
S = § + 0
Mpumep. Pag Z”H PaCXoaUTCs.

—~n+2



FfapMOHM4Yeckuun psag

pacxodumcsi!

Jokazamenbcmeo.

|

l>ln(;f1r+l)—1n;f/z
n

1

g

l—l——} <e = nln{

5L

n=1 n

1 1 1
l+—+—+—+---=

2 3 4

l-l—lJ =¢
Fl
1
1+—j<1 —
H

1>1In2-1Inl
T

lim

H—>»C

l>111

n

n+1

n

S >In(n+1)

—>1n3—-1In2
2

l::» In4—1In3
3

+

+



IlocTaTo4Hble NMPU3HAKUN CXOAUMOCTU
3HAKONMOCTOAHHbLIX pPAAOB

1. Npun3Hakn cpaBHeHUSs
MNyctb Vn a,>b, >0 | Torga

ecau Y d, CXOOUTCS, TO b, cxoquTcs,

n=1 n=1

ecid Y b, pacXoAUTCsA, TO ) d, PACXOIUTCS.

n=1 n=1

(Pap ian Ma)KODPUDPYeT P/ an)
n=1 n=1



2. NpepenbHbIN NPU3HAK CPaBHEHUS

A

MycTh Lgl}b——c (0<c<oo)

1
Torpga panbl Zan n an CXoaaTca u
n=1 n=1

pacxogAaTcAd COBMECTHO.

3 CpaBHUM C pSAOM Z—
n= 1

NMpumep. Pan Z



3. Mpu3Hak Janambepa

o .
Myctb lim—L =/. Torga Za cxoautes, ecrm | < 1;
H—>0 a
71 n=1
n pacxogutes, ecnm | > 1.
JHokazamesnibcmeo.
d A
Ve>0 AN | Jl<eym [—e<2L ]+ ¢

MycTb | < 1. Buibepem Takoe €, uyto ¢ =/+e<1.

A

Torna <g = a

A

[y

<agq. lyctb ph = a g

1+1 n+1

Pan Zbﬁﬂ cxoautcd (0.y.r.n.). Torga Zan cxoguTcs.

n=1 n=1



4. PaaukanbHbIN an3HaK Kowu

Myctb limy/a, =1. Torpa Za cxoautes, ecrim | < 1;

F1—»aC

n pacxogutes, ecnm | > 1.
JHokazamesnibcmeo.

.,..”/a”—l‘<8 wwm la <[+¢

MycTb | < 1. Buibepem Takoe €, uyto ¢ =/+e<1.

Ve>0 dN

Tor‘u'a \ a?! < q :’> aH < qn

Pan Zq” cxoamuTes (6.y.r.n.). Toraa Zan CXOOMNTCS.

1n=1 n=1



NMpumepol.

1 9
— =—+1+—+
—2" 2 8
H———2+2+i+~
=1 HI 3
— n! 6
2 =1+ +-
nzln 27
o1 (n+1 2.9 262144
o3\ n 3 16 531441



5. UHTerpanbHbIv npu3Hak Kowwm

Myctb f(x) - HEMpepbIBHAst MOHOTOHHO yObiBatoOLLas
doyHKUMa wn f(n)= da,. Torna

+c0

pag Zan M HeCOBCTBEHHbIN MHTErparn I f (x)dx cxopaTco
n=1
1

N pacxogsaTcsl O4HOBPEMEHHO.



Jokazamenbcmeo.

H

a,+a,+---+a <J.f(x)dx<al+a,,+aq+ +a

Ecnmjf(x)dx A,70 ImS$ —a, < A ntorga

F1—>0

psn Za CXOOMNTCS.

----- i n=l
’ Ecnu J' f(x)dx =0, TO
' psag Za pacxoauTcs.

n=l

"'\.

(Jl ll """ i

a- N |
as— =< E

W




O000LLEeHHbIU rapMOHNYEeCKUN psaa

1 1 1 = 1
l+ —+—+—+=) — cxomuTcsnpu p>1
" pacxoanTtes npn p <1

n=1

Hanpumep,

o0

1 1 1 1
l+—+—+—4-= ) _Z
479 16 26

1=



Jlekumna 2



CakcoHckum dpunocod, norvk, matemaTuk,
MeXaHuK, PU3nK, PUCT, UICTOPUK, OUNsiomMar,
nsobpertaternb N sa3bikoBen. OcHoBaTENb U
nepsBbIv Npe3naeHT bepnmnHckon Akagemun
HayK.

BaxxHenLune Hay4Hble JOCTUXKEHUS:

 JlenbHuu, He3aBmncmmo oT HbtoToHa, co3nan
MaTeMaTu4eckum aHanma — gndodepeHum-
arbHOE U UHTerpanbHOe UCYNCIIEHNUS.

* JlenbHunu cosgan KOMOMHATOPUKY Kak HayKy.
« 3anoXus OCHOBbI MaTeMaTU4eCKon JTOTUKMN.
* Onucan OBONYHYIO CUCTEMY CHUCIIEHUS.

B mexaHuke BBEI NOHATUE KMHETUYECKON
9Heprnm n coopmynupoBarn 3akoH
COXPaHEHUS SHEPTUMN.,

» ChopmynumpoBan 0guH N3 BaXXHENLLNX
BapunaLUMOHHbIX MPUHUMNOB OU3NKN —
«MPUHLMN HAaUMEHbLLEro AeUCTBUAY.

[OTdpua Bunbrenbm
JléenoHuu
(1646 — 1716)



HemeuKknm matemaTuK, MEXaHUK U
dU3MK. 33 CBOKO KOPOTKYHO *U3Hb

(Bcero 10 net TpyaoB) OH
npeobpa3oBasn cpa3y HECKO/IbKO
Pa3enoB MaTEMATUKMW.

«Mb1 ckroHHbI 8udemb 8 PumaHe,
Moxem bbimb, geruyatiuie2o
Mamemamuka cepeduHb! XIX eeka,
HenocpedcmeeHH020 NPeeMHUKa
[aycca»

(Akagemuk M. C. AnekcaHapoB)

Féopr Ppunapux

BepHxapa PUmaH
(1826 - 1866)



5. UHTerpanbHbIv npu3Hak Kowwm

Myctb f(x) - HEMpepbIBHAst MOHOTOHHO yObiBatoOLLas
dyHKUMA 1 f(n)=a,. Toraa
oo +c0

pag Zan M HeCOBCTBEHHbIN MHTErparn I f (x)dx cxopaTco
n=1
1

NN pacxoaAaATcd COBMECTHO.



O000LLEeHHbIU rapMOHNYEeCKUN psaa

| | | = 1
1+ —+—+ +---=Z— cxoauTted npy p > 1
2P 3P 4P P
pacxogutcsa npu p <1
Hanpumep,

o0

1 1 1 1
l+—+—+—4-= ) _Z
479 16 26

1=



dopmyna CTupnuHra ans 4ocTaTtodHO OonbLUMX n

1

n

n!z(—) ~/2mn (noneznas popmyna)
e



[NocTaTo4HbIN NPU3HAK CXOO4UMOCTH
3HaKo4yepeayrLmnxcs paaoB

. (an > 0) (*)
=l 3HakodepenyloLmica paa.
MpusHak JlendbHnua

PFI.EI. (*) CXOAUTCHA, eClln 1) ay > ay, >dy > - -
2) lima, =0
1—>o0

oo

Gy —Qr+ay—--= (—l)”Ha

npn aToM 0< S < ay.



[1oKka3aTenbCTBO.

\/

* 8, =(a,—ay)+(a;—a,)+--- /BO3pAcTaloT,

S, = —(a2 — a3) —(a4 —aS)—--- / ybbiBalOT.

CnepoBatenbHo, 0<S,, <a = 0<S<aq

\/
0’0

S2Iﬁ‘!—|—1 52111 T Armal

CnepctBue. Ecnn 3aMeHNTb CYMMY CXOOALLErNOCH
3Hako4epeayrulerocq psaaga S ero YacTUYHOW
CYMMOW Sn, TO oLLIMDKa HEe NPEeBOCXOAUT NEPBOro
OTOPOLLEHHOrO YrieHa an+1.



JlocTaTO4YHbLIU NPU3HAK CXOOAUMOCTH
3Ha|<onepeme|-||-|oro papna

Ecnn cxoautes psa Z‘” ‘ TO cXoaQuTCs U psaa Zz,;

n=1 n=1

Ab6cosiromHas u ycsioeHasi cxooumMmocmb

» Psapn a6conromHo cxodumeces, €CNN CXOoOUTCS paa U3
abCoOnMTHbLIX BENMTMYMNH €ro YreHoB.

» Psan ycnoeHo cxodumcs, €Cnv OH caM CXOOUTCH, a
PS4 U3 MOOYINEN ero YnNeHoB pacXo4uTCA.




Pan Neinbumua | — l+l_l+...: i(_l)”“ 1
2 3 4 o n
ycrnoBHoO cxogutca (1)

CBouncTBa abCOMIOTHO CXOAsALLMXCA pAOOB

1. Teopema Oupuxne
Ecnu psig abcontoTHO cXxoauTcs, TO psaf,
NONy4YeHHbIN N3 Hero Ntbon nepecTaHoOBKOM
4YNEHOB, TOXE CXOOUTCSH U UMEET TY XXe CYyMMY.

2. ABConoTHO cxoadawmecs psiabl MOXHO
CknagblBaTb, Bbl4MTaTb U YMHOXaTb. [1pn aTOM Te
Xe onepaunm NcnbiTbiBaloT CYMMbl 3TUX PSOO0B.



Teopema PumaHa

Ecnu psg ycrnoBHO cxoguTcsd, TO Noaxoasien
nepecTaHOBKOW €ro YsieHoB MOXHO MOSyunTb psig
C 3apaHee 3ajlaHHOM CyMMOW (B TOM 4uCfie ©o )
[Toumep.

1 1 1

[lyctb 1 —+-__+...—§. [lepecraBum:
2 3 4

1 1 1 1T 1 1 1 1
- ———+————— e ——— =

2 4 3 6 8 5 10 12

1 1 1 1 1 | 1 1 1 | .
-t — —— 4= - =+ == [ ==
2 4 6 8 10 12 2 2 3 2



CyMMbI HEKOTOPbIX YACJ10BbIX PA40B

Zi:1+1+l+_“:m 2.718282

n:UH! 2

o

Z:(_])ﬂ+1 : _l—l+ .=In2~0,6931

n=1 n 2

" 4
Z%=1+i+...=“—m,015

UG 96

- (_] n+ 2

Z( 2 :1_l+l+__.:n—ﬁ10,822
n=1 n 4 9 12

. 1 1 1 1 3
=m-Dn+1) 3 8 15 4



dOyHKUUOHANDbHbIE pAabI

Uy (x)+u(x)+u,(x)+--+u (x)+--- ZZH” (x)

o n=0

TouKa Xo- moyka cxodumocmu, €Crv P, » " u, (X, ) CXOBUTCS.
n=0
COBOKYMHOCTb TOYEK CXOANUMOCTM - obnacmb cxo0umMocmu.

lim S, (x) = S(x)

k—=
Cymma psiga S(X) onpegerneHa B obnact cxoguMocCTH.
O4YeHb Ba)XHbIV NPUMED:

5 * 1
Ltoxtat+ee= ) x" = npn  —1<x <+l
CnencrBue: n=0 1-x
2 - n l
l—-x+x"—---= (_1) ¥ = <1

— I+ x



CTeneHHble paabl
Oowunm Bua . n
a, -|—a1(x—x0)-|—a2(x_x0)2_|_..._|_a”(x_x0)n_|_...:Zan(x_x0)
aﬂ,al,az,...a”,...KOQ(pd)uuueHmb' pﬂda. n=0

[pn x, =0 aﬂ+a1x+a2x2+---+anx”+...zzanxn
n=0

CxogmmocTb cTeneHHoro paga (reopema Adens)
Ecniu cmeneHHoOU psio cxoodumcs npu X = X, ,
mo OH abcos1romHO cxooumcsi rpu ecex 3Ha4YeHuUsIX X,

X[ <|[X

ydoesiemeopsirowux HepaseHcmey ol




Jlekumna 3



HopBeXCckun matemMaTtuk,
nccrnenosan v pewunn npobnemy
paspeLmMmMmocT anrebpanyeckmnx
YpPaBHEHUN, TEOPUIO abereBbIX U
ANNUNTUYECKUX PYHKUUN,
ANNMUNTUYECKUX NHTErPanos,
TEOPUIO CXOOAUMOCTU PSiA0B,
TEOopUIo rpynmn, B TOM Yucrie
abenesblX.

«Abernb ocmasusnn mamemMmamu -
Kam cmosib 6bo2amoe Hacrieoue,
ymo um bydem yem 3aHUMamMbCA 8
bnuwxauwue 150 nem»

(Lapnb 9pmuT)

Hunbc XeHpuk
AGenb

(1802 — 1829)



Hemeuknn matemaTuk,

«OTeLl, COBPEMEHHOIo aHanunsay.

Ero nccneoosaHusa cyuleCcTBeHHO
oboratunm mareMmaTn4eCcKnm aHanus,
TEOPUIO cneunanbHbIX PYHKUNN,
BapvaLUnUOHHOE NUCYUCTIEHME,
andodepeHumnanbHy0 reoMeTpuo U
nnHenHyto anrebpy. B matemartunke
OH BCerga CTpeMuncs K ACHOCTU U
CTPOroCTMW.

«Beuepwmpacc omkasbieaemcsi
rnosik308amacsi UHMyuyueu usnu ro
KpauHeu mepe ocmaernsem eu
MOoJibKO HeombeM/ieMYIo Yacme».

(A.llyaHkape)

/[9@/_!1\4‘4:% |

Kapn Teogop Bunerénobm
BénepwTpacc
(1815 - 1897)



CTeneHHble paabl
Oowunm Bua } ”
a, "‘al(x_xo)"'az(x—xo)z-I—----I-a”(x—xo)”-|—--'=Za'”(x—x0)
aﬂ,al,az,...a”,...KO3¢4)uuueHmb' pﬂda. n=0

[pn x, =0 aﬂ+a1x+a2x2+---+anx”+...zzanxn
n=0

CXxoouMoCTb cTeneHHoro psga (reopema Abens)
Ecnu cmeneHHoU psio cxodumces npu x = x, ,
mo OH abcos1romHO cxooumcsi rpuU ecex 3Ha4YeHUusIX X,

I<I0

ydoesiemeopsirouux HepaseHcmey



[loka3aTenbCTBO.
T.K. psa D .4,X; cXxoguTcsl, TO

n=0
OTO 3HAYUT, YTO M >0 ‘a”xg <M (n=12,...)

. Paccmotpum psa Z‘anx”
n=0

. no__
lima x, =0
H—> 0

X<

X0

[TyCcTb x Takoe, 4YTo
OueHuM N-1 YneH aToro psiga:
1

H i1
X X X
n| 1n . 1n
anx _ anxﬂ ) al|l nxﬂ ) 1 éM T
X, X, X,
To ecTb o [
n n ' .
OZlax |<M-q", coe|l—| =¢g<l
X
0




Pan ZMQ =M q" cxopgutcst (6.y.r.n.). 3HAYUT

n=0

(no an3Ha|<y CpaBHeHMﬂ) cxoguTesa psaa Z‘a x"
n=0

CnepoBartensHo, psa Z%l‘ cxoamuTtca abconoTHO,
n=0

4yTO U TpeboBanocb ,EI,OKa3aTb

CnenctBue. Ecnu Za,go pacxoguTcs, To Za,,..l
n=0 n=0

pPacxoAuTCs MPU BCEX X TaKUX, YTO |X|>|X,|.

(reomeTpuyeckas nHTepnpeTayus)



Paanyc cXxoaMMOCTU CTEMNEHHOro psaaa -
- yucno R 2 0 Takoe, 4To
npu [X|<R pag cxoauTtes,
npu |X|>R  psag pacxoauTes.

Ecnimn R =0, 1O pag cxogutca TonbKo npu X = 0,
ecrm R = %C, TO psag cxoOQuUTCHa Ha BCEW YMCNOBOU OCMW.
WHTepBan cxoaumoctu psina (—R;+R).

CxoamMMoCTb psiAaa Ha rpaHuyax (Npy x = +R )
nccnenyeTcs oTaenbHO.



Hna creneHHoro paaa |

aO +al(x_x0)+a2(x_x0)2 +'”+an(‘x—x0)” L :Zan (x_xO)n
n=0
MHTEPBAN CXOAMMOCTU (x,—R;x,+R)

BbluncneHne pagnyca cXxogmmocCcTy

dopmyna Janambepa dopmyna Kowun
1 a 1
R = = lim |—2 R=-
lim %] 1 myia,

n—><| ¢




[Tpnmepbsil.




PaBHOMepHasa cXoAUMOCTb

[NlocnepoBatenbHOCTb PYHKUMU  fi(x), f5(x), ..., [, (X),...

cxoanTes K dyHKumm f (x) paBHOMepHO B obnactu D,
ecnu

Ve>0dN(e):VxeD n>N(e)=

f(0) = f(0)| <&

[eomeTpuyeckas MHTepnpeTaums:



NMpumep.
[ocrnenoBaTenbHOCTb {l,x,xz Xt }
- CXOAUTCA paBHOMEPHO K PYHKUUN f(x) =0
Ha oTpeske [0;¢7] 0<r<l
- CXOoOuTCA HepaBHOMEPHO K PYHKUMKU f (x) =0
Ha nHTepsane [0;1)



Pan Zu”(x) paBHOMEpPHO CXoAUTCH
n=0
K cymme S(X) B obnactu D, ecnu

Ve>03N(e):VxeD n>N(g)=|S(x)-S,(x)|<s

OCTaToK psAaa

I'Ipu3|-|a|< BeuneplwTtpacca

Pan Zun(a) paBHOMEpPHO cxoauTca B obnactu D,
n=0

€CJ1I1 OH MaXOpPUpyeTcAa CXoaAanmMmca YnNcrnoBbiM

PSAOOM Zan .

=1



[lokasaTenbCcTBO.

T.K. pan Za” cxoauTcs, TO
n=l1

Ve>03N(s):VxeD n>N(e)=| > a|<e

OueHuM ocTaTokK psaa

Z u, (x)| < Z ‘uk(x)‘ i a, <€

k=n+l k= H+l k=n+1

OT0 03Ha4aeT, 4YTo psAa Zu (x) paBHOMEPHO

n=0
CXOOUTCHA, 4uTO 1 TpeboBanocb AOKa3aTh.




CBOMUCTBA paBHOMEPHO CXOAALLUXCA
CcTeneHHbIX paAaoB

CBoucteo 1.

CTeneHHom pag Y 4,X" paBHOMEPHO CXOAMTCA
n=0
BHYTPU MHTEpBana cxoaumocTtu (npu R > 0).

CBoucTtBO 2.
CymMma cTteneHHoro psga S(X) — HenpepbiBHAA

bYHKLUMA BHYTPM UHTEpBarna cxoaumocTtu npu R > 0.



CsBouctBso 3. )

Cymma cTeneHHoro psiia S(x)= > a,x"

n=0

BHYTPU MHTepBana cxognmocTtu (npu R > 0) numeert
npounsBoAHble NOOOro nopsigka, nonyyvyaemble
noyrieHHbIM auddepeHumMpoBaHmemM psaa, npuyvem
paanycbl CXOAMMOCTM NONYYEHHbIX PAOOB TaKxXe
paBHbIl R.

S'(x) = inaﬁx”_l

n=1



CBoucrtBo 4.

CteneHHon psag S(x) = Zanx” BHYTPWU
n=>0
MHTepBana cxogmmocTun (npn R > 0) MOXKHO
NOYNIEHHO MHTErpupoBaThb, NPUYEM pagnyc

CXOOMMOCTU NOJSTyYEHHOTO psifa Takke paBeH R.

50 n+1

X anx
{S(r)dn; “—  Wre(-R;+R)




NMpumepobl.

l+x-|-x2+---:ix”: : -l<x<+1
n=0 1-x
l—x+x2—---:”;0(—l)”x”:m
l+2x+3x2+~-22n'x”_1: : >
1n=0 (I_X)
x2 x:: s . xn-l—l
— — = —1 =In(1+
) 2+3 ;( )n+] ! x)



Jlekumna 4



BpyK Tennop
1685—1731

AHTTMUACKUN MaTEMATUK,
yyeHUK McaaKa HbIOTOHA.

Ob6napgas 6onblwLMMU
MaTeEMATUYECKUMMU
CNOCOOHOCTAMMU, OH B TO e
Bpems Obl1 BECbMa XOPOLLIMM
MY3bIKAHTOM U yCNeLwHOo
3aHMMaNca xXumsonucoto. oa
KOHeL, *XM3HW OH npeaancsa
nccneaoBaHUAM No
BOMpPOCAM PENUTUN U
dunocopun.



KonuH Mak/lopeH
(1698-1746)

LLloTnaHaocknn maTtemaTtuk

B yHuBepcuteTte [hasro ero
brnecTsdwme martemaTnyeckmne
CNOCODHOCTU TaK pa3BUIUCH,
4YTO B BO3pacTe 15 NneT OH yxe
OTKPbIST HECKOMNbKO TEOPEM.

B 19 neT nponasa KOHKYPCHbIN
OoTOOp, OH 3aHAN Kadeapy
npodeccopa MaTeMaTuKn B
AbepauHe.

Hay4dHble pe3ynbraThl - B
reomeTpun, anrebpe, aHanmae,
TEOPUU KPMBLIX, TEOPUN PSAOB,
Teopuu NpUNnUBOB 1 Ap.



CBOMUCTBA paBHOMEPHO CXOAALLUXCA
CcTeneHHbIX paAaoB

CBoucteo 1.

CTeneHHom pag Y 4,X" paBHOMEPHO CXOAWNTCS
n=0
BHYTPU MHTEpBana cxoaumocTtu (npu R > 0).

CBoucTtBO 2.
CymMma cTteneHHoro psga S(X) — HenpepbiBHAgA

bYHKLMSA BHYTPU UHTEpBarna cxoaumocTtu npu R > 0.




CsBouctBo 3. )

Cymma cTeneHHoro psiia S(x)= > a,x"

n=0

BHYTPU MHTepBana cxognmocTtu (npu R > 0) numeert
npoun3BoAHble NOOro nopsgka, nonyyvyaemole
noyrieHHbIM auddepeHumMpoBaHmemM psaa, npuyvem
pagnycbl CXOOAMMOCTU NONYYEHHbIX PAOOB TaKxXe
paBHbIl R.

S'(x) = Znanx”_l
n=1



CBouctBo 4. |
CteneHHom psag S(x) = Zanx” BHYTPU

n=0
MHTepBana cxogmmocTun (npn R > 0) MOXKHO
NOYNIEHHO MHTErPUpPOBaThb, NpPUYeM pagnyc

CXOOMMOCTU NOJSTyYEHHOTO psifa Takke paBeH R.

o0 1

¢ a x""
{S(r)dn; “—  Wre(-R;+R)




NMpumepobl.

l+x+x2+---:ix”: l -l<x<+1
n=1 l—l‘
l—x+x2—---:;(—l)”x”=ﬁ
l+2x+3x2+-~=inix”1=(L] _ !
n=0 l_x (l_x)z
2 o0 1+1
-t -=Z(—l)”x In(1+ x)




Pa3noxeHune pyHKUUN B CTErNeHHbIe

pAO4bI
dopmyna Tewnnopa ansa dpyHkumm f(x)

f(x)=f(x0)+f( 0)(1— o)+ féfo)(x—xo)2+---+
(1), ..

+f (,lo)(?f—i‘fo)”JrRﬂ(x); R, (x) - ocTaTouYHbIV YneH
n!

Papn Tenopa gns dpyHkumumn f (x)

F(0)= flo) + 320

(x_x0)2+___=

f1(%,)
(3 =)+ 7=

— i f(n)(xo)

n=0 ”!

(x—x,)"



Pag MaknopeHa (xo = 0)

f (0) SO S0,
21 2: n! .

J(x)=7(0)+

3ameyaHue:
Pap Tennopa ans dpyHkumn f (x) HeobaszaTensbHo

CXOONTCH K PYHKUMN £(x).
KoHmpripumenp.

n=1

1

2

f(x)=4¢e ¥ npux=0 F"0y=0 Vn
0 npu x =0




YcnoBua pasnoXnMocTy oyHKUMK B paa
Tennopa

Teopema Tennopa
[Ins Toro, 4Tobbl psa Teinopa dyHkummn f (x)

cxogunca K f(x) B Touke X, HEOBXOAUMO U
AOCTAaTOYHO, YTOObI B 9TOWN TOYKE OCTATOYHbIN YfieH
doopmynbl Tennopa cTpeMunca K Hynw Npu 5 — oo

lim R (x)=0

11—>»o0



Tabnuua OCHOBHbIX Pa3NOXeHUN

. X
e =1+x+
2!
305
. X
SINX = X —
3!
cosx—l—x
2!
xz
In(1+x
(lx)=x-2s

o0 1

__:E:( l)ﬂ

n=0

__:2:( l)n

1n=0

_Z(

=1

xe(ﬂm+w)

gn+1
(2H+Lﬂ xe(—w;ﬁo
o) X € (—o0;+e0
1)”+1 e (—L+1]

)
)



5. (l-l—:a,) —l-l-a.l-l-a(a_l)xz-l—---: |-L1] mpua=>0

2!
a(a—1).. (a n+l) v

(—l;l: npu—1<a<0
(—l;l) npua < —1

_1+Z

n=1

3 w0 2n+l
6. arcsinxy = x + lx_ Z (ZH 1) Y
2 3 = 2 ..-(2n) 2n+1
xe[-11]
3 &H+1

7. arctgx = x——+ Z( 1" 2 e|-1L1]

2n+1



3 5

8. th:x-l—x +')f +oee= o

31 5 =2

n:(}(zn-l_l)!

xz 4 0 2
9. chx=1+ + 4 X7

21 4! Z

. = (2n)!

BoiBoa doopmyn 1-9.

xe(

xe(



NMpubnuxeHHoe BblYUCNEHUE
onpenerieHHbIX UHTerparion

Pas3noXxmTb nogblHTErpanbHy0 PyHKUUIO B CTENEHHOW
pAa, Nonb3ysicb TabnMuUeW;

[TponHTErpmnpoBaTb pad NOYNEHHO B MHTEpBaArne
PaBHOMEPHON CXOOAUMOCTWU;

BbluncnnTb YneHsbl psiga o AOCTUXKEHUS
Heob6xoaMMOW TOYHOCTU;

Bbluncnntb cymmy psiaa.



PelwleHune.
2 0 N

X .
e =l+x+—+-= ) —
2! n‘On'

e =1-x +—4—---—Z( )

Bbiymncnuntb ¢ ToyHocTbio Ao 0,001 Oj'S 2
o
0
’"*' 1

11=0
0.5

0.5 _rz x3 xﬁ x? ’

Ie" dx=| x——+ — +oe || =

) 3 5.21 7.3
05 0
je—~“‘cbc=0,5—0,0417+0,0031—0,0002+---a.~ 0.4612
0 0.5

OTBeT:

[ e ar~0.461

0



0.5

Bblumncnutb ¢ TodHOCTLI0 Ao 0,001 J' X2 ]n(l+\/;)dx.

0

PelwueHune. ) : \
X~ X X
1 l 'l = X — —_— — ;& —1)+1
n( +x) X ; + —— X ( ]
1,5 2
1n(1+\/;):\/;_;+x3 _"; xe[o;l]
3 3.5 4
len(l+\/;):x3:5_x2 .|_Jr'3 _'1
0.5 5 0.5

3.5 4 4.3
n(l+x)dv=2n -+ T 4.
qu n( \/;) 3,5 8 13,5 20

0 0
(BHyTpI/I MHTEepBana CXO,IJ,I/IMOCTI/I)




0.5

j len(l +J§)dx = 0.0253—0,0078+0,0033 —
0 —0.0016+0,0007 - --

0.5

OTBerT: I len(l +\/;)dx ~ 0,019

0



