I'nasa 1. PAJ1bI

YucjioBblie psiabl
§ OcHOBHbIE MOHATHS

Omnpenenenne
YHCJI0BOTO psiia

HYCTI) JaHa IIOCJICIOBATCIbHOCTh BCHICCTBCHHBIX HJIM KOMIIJIICKCHBIX
YHUCCII.

YucaoBbIM PHAAOM HAa3bIBACTCA CyMMa BCEX YIJICHOB YHCJIOBOM
noCiaca0BaTCIbHOCTH!

o0
da,=a,+a,+..+a,+..
n=1
Yucna d,, d,, ... ,d,, ... HA3BIBAIOT YICHAMM PAJA.

qDYHKI_II/IOHaJ'ILHy'IO 3aBUCHMOCTBL 4YJICHA psAa a, OT €ro HoMEpa n

Ha3bIBAIOT 00IIUM YJIeHOM psaja: a, = f(n).

Omnpenesienue 7 -i
YaCTHYHOH CyMMBI
YHCJI0BOTO psiia
/|
ocTaTKa psiia

Cymma 7 NepBbIX WIECHOB psAJla HA3bIBA€TCS €ro #- 4aCTHYHOM

n
CYMMOIi 1 0003Ha4aeTcs S, = Z a, =a,+a,+..+a,,
k=1

OcraTkoM psifa 7, Ha3bIBACTCSA PA3HOCTb CyMMBI psAla S M €ro n —i

YaCTUYHOM CyMMBL: ¥, =a,,, +a,,+a,,+..,T1.e. §=S, +7r, .

n+l

Onpenesienune
cXO/fIIerocs psiga
|
pacxoasiiierocsi psia

0
Pag D, 4, =a,+a, +..+a,+..
n=1
Ha3bIBACTCA CXOAAIIUMCH, CCIW CYIICCTBYCT KOHEUHBIH opeaci
MOCJICA0OBATCIIBHOCTHU €TO YaCTUYHBIX CYMM, paBHLIﬁ S , T.C. €CJIN
limS, =S, |S|<o.
.

n—>

) He cywecmeyem,
Psin HasbIBaeTcs pacxoasimumest, eciau lim S, =

n—o Q0.

§ Kpurepuii Komn. Heo0xoaumblii Npu3HaK CXOAUMOCTH psiia

Kpurepnii Komn

Jns Toro, dYroObl UYWCIOBOM P CXOAWICA, HEOOXOAUMO |
JOCTAaTOYHO, YTOOBI JIIOOOH €ro OTPe30K MOXKHO OBLIO CAeNaTh CKOJIb
YTOJHO MaJIbIM 1O a0COTIOTHON BEJTHMYUHE:

(Ve>0)(3N =N(¢)):Vn>N,Vp21=>|a, +a,,+..+a, |<&.

n+p




Heo0xoanmplii
NMPU3HAK CXOAMMOCTH
psaa

o0
Ecau psan Z a, cxopures,

n=1

TO mOpeaen  oOmero  uieHa  psAa g,  paBeH  HYJIO:

0
Z a, cxooumes = lima, =0

n—0
n=1

Caencraue u3

Ecnu npenen oOuiero uieHa psijia He paBeH HYJIIO, TO P

He00X0AUMOro pacxoauTcs:

NpHU3HAKa i

CXOMMOCTH lma, #0 = Z a, pacxooumcsi
(10CTATOYHBII e =1

NpH3HAK

PacxoauMOCTH)

§ HekoTopsle cBoiicTBa CXOASIIIUXCH PAIOB

CgoiicTBoO 1
(o0 ocTaTke)

Psn cxomurTest Torda M TOIBKO TOTA, KOIAa CXOIOUTCS JI0OOHM M3 €ero
OCTaTKOB, T.€. OTOpAachIBAaHHEC KOHEYHOI'0 4YHCJIa YJIEHOB psija HE
BJIMACT HAa €T0 CXOAUMOCTD.

CBoilicTBO 2

o0 o0
(TMHEWHOCTH) Eciu psiist Z a, y Z bn
n=1 n=1
CXOJATCS K UhciaaM S U 0 COOTBETCTBEHHO,
o0
TO pAnt z aa, + Bb, racxke cxomnres,
n=1
U ero cymMma paBaa a S + fo (a v f — NpOU3BOJIbHBIC KOHCTAHTHI).
CsoiicTBO 3 *
(KOMMYTaTHBHOCTH) Ecnu psan Z @, cXOmUTCs, U €r0 CyMMa paBHa S, TO YWIEHbI 3TOTO

n=1
psiza MOXXHO, He IepecTaBJisisi, 00bEIUHATH B OJIHO ClIaraeMoe
MIPOU3BOJIBHBIM 00pa30M, MPUIEM CyMMa IMOTYICHHOTO Psijia TaKKe
Oynet paBHa S.




§ ADCOIIOTHASI M YCJIOBHASI CXOAMMOCTh

Omnpenesnenne ©
a0CoI0THOM Pan Z @, HazpiBaeTca a0COTIOTHO CXOASIIUMCSI, €CITH CXOTUTCS
CXOAUMOCTH n=1
o0
pAll, COCTABJIICHHBIN U3 MOMYJIEH YWIECHOB ATOTO psja: Z ‘a nl.
n=l

Omnpenesnenne ®
YCJI0BHOH Psan Z d, wazpIBaeTcs YCJIOBHO CXOAALIUMCH,
CXOAUMOCTH n=1

€CJIM psAJ U3 MOAYJIEH WICHOB psifia PAaCXOAUTCS

o0
(Z ‘an pacxoauTcs),
n=l
o0
a MCXOHBIN Psif Z a, cxomurcs.
n=1

Teopema 00 ® ®
a0CcoII0THOI Ecnu cxomgurcs psan Z ‘an , TO CXOAUTCS U PAI Z a, ,1e. u3
CXOAUMOCTH n=1 n=1

a0COJIIOTHON CXOIMMOCTH CIIEYEeT CXOAUMOCTh UCXOTHOTO PsiJia.
Teopema o ® ®
KOMMYTaTHBHOCTH Ecnu psn Z a, cxomutcs abCOMOTHO ( Z ‘a n | cXomuTes), ¥ ero
a0CoJII0THO n=1 n=1
CXOAfALIerocs pajaa CyMMa paBHa S, TO IpH 110001 MepecTaHOBKe €ro WICHOB BHOBb

MOJTyYEHHBIH s CXOIUTCS K TOU ke cymme S.
Teopema Pumana Ecian psig ¢ BElECTBEHHBIMH YJIEHAMU CXOAMTCS YCIOBHO, TO IS

JT000T0 BEUIECTBEHHOI'O YMCia L, KOHEYHOTO WJIM HET, MOKHO TaK
NEPEeCTaBUTh YIEHBI 3TOrO psijfa, 4TOOBl MOJIYYEHHBIM psi UMel
CyMMY, PaBHYIO L.

§ Kpurepuii adcoII0THOM CXOAMMOCTH PS/I0B

I[J'Iﬂ pAO0B C MOJNOKMTEJIbHBIMUA BCIICCTBEHHBIMUA YJCHAMM IMOHATHUA CXOANMMOCTHU U a0COJIFOTHOH
CXOOUMOCTH COBIIaAArOT.

Kputepuii Jns Toro droObl psA C TMOJNOXKHUTEIbHBIMU UJCHAMH CXOIMJICS,
a0COIIOTHOI HEOOXOJMMO ¥  JOCTaTOYHO, YTOOBI IIOCIIEIOBATEIIBHOCTh €r0
CXOUMOCTH PS/I0B YaCTUYHBIX CyMM Obllla OrpaHH4YeHa B COBOKYIHOCTH, T.C.

AM :Vn=S8,<M.




§ JlocTaTouHble MPU3HAKU A0COIOTHOM CXOMMOCTH PA/IOB

HNurerpanbHbiii [TycTh HEOTpUIIATENIbHAS HA JTy4e [k,oo) byHKIUSA f(X) MOHOTOHHO
npusnak Koun yOBIBaeT Mpu X —> o0,
a0coII0THOI

U TIpH LENBIX 71 =1, 2,... ©IMEeT MeCTO paBeHCTBO f (1) = | a,

CXOIMMOCTH PS/I0B

[ee]
Torma psa Z ‘a n | cxomutcs (aOCOTIOTHO),

n=k

0
€CITU CXOJIUTCS UHTETPal I f(x)dx

k
o0
" psa Z ‘an

PacXoAUTCs, €CIIU PACXOIUTCS J. f(x)dx.
k

n=k
IlepBasi Teopema Ecmu n1st Bcex n > n, 21 BBIIOIHAECTCS HEPAaBEHCTBO |an <,|,
CpaBHeHH .
psiioB . Z b
P R — TO U3 (aOCOMIOTHOM) CXOAMMOCTH pslia n
YJIeHAMH n=l1

0
cienyet (aOCOMIOTHAS) CXOIUMOCTD psifa Z ‘a n
n=1

2

o0
a U3 PacXoJMMOCTH psi/ia Z ‘a n
n=1

[ee]

b

CJIeJlyeT pacXOoJAUMOCTH psiaa Z

n=1

n

o0 o0
3aMeanHe 1. Ecmu pﬂﬂ Z ‘a n paCXO,Z[I/ITC}I, TO p;[,u Z bn HI/I6O paCXO,Z[I/ITC}I, HI/I6O CXOOUTCA
n=1 n=I1

YCJIOBHO. Hy)KHLI JOIMOJIHUTCIBbHBIC UCCIICAOBAHUA.

0 [o0]
Ecnn xe PAABI Z an u Z bn COACpIKaT JIMIID MOJOKUTEJIbHBIC BCIIECTBCHHBIC YJICHDI,
n=1 n=1

o0 o0
TO U3 PACXOAUMOCTH Z a4, cuemyer pacxOAMMOCTb Z b, .

n=1 n=1



Bropas Teopema ‘ |an|

CpaBHeHHsI [TycTs cymecTByeT npeaen %gl;m =q.

psiioB "

C MOJIOKUTEIbHBIMH =

YjieHaMH Ecmu g € [O, 00) U psl Z b n | cxomutes (abcomoTHO),

n=1

0
TO cxoauTcs (aGCOMOTHO) U SN Z ‘an
n=1

Eciu g >0 upsn Z ‘bn

n=1

pacxoauTcs,

0
TO PACXOAUTCS M PAL Z ‘a n

n=1
e 0]
b
3ameuanue 2. Eciu ¢ = o0, To Torma lim—: =0, To U3 cxonuMocTu a,

n—>0 |an| n:1
0
2 b,

n=1

CIeayCT CXOAUMOCTDb

o]

3ameuanue 3. Eciiu g # 0 u g # o0, TO psiabl Z ‘an H Z ‘bn

n=1 n=1

BEAYT cebs OAMHAKOBO: NN

o0a cxoaaTCs, WK 00a pacxXosaTCsl.

o] [o0]
st psanos Z a, u Z b n TPeOYIOTCS TOTOJIHUTENbHBIEC UcchenoBaHms. Kaxiblii u3 HUX,
n=1 n=1

HE3aBHCHMO OT APYTOr0, MOXKET JTUOO0 CXOAUTHCS YCIOBHO, TMO0 PACXOAUTHCS.
Eciu e 4jieHbI ITHX PS/I0B BellleCTBEHHBI U NMOJI0KUTENbHbBI, TO IpU ¢ # 0, g # 0 psAAbI

b n WIH 00a CXOAATCS, MJIM 002 pacxXoasTCs.

[
N
=
=
1[Ms

Mpusnak Jlanam6epa | Ecnu cymiecTByeT npeien OTHOLIEHUSI MOAYJIEH MOCIEYONIEro YieHa
a0COJTIOTHOM a,.
CXOHHMOCTH pﬂHOB pSI,IIa K HpeI[BII[yH_[eMy, T.C.: llm = q Py

1> |an|
[oe]
TO P Z ‘an

n=1

Y pacxoauTcs rpu g > 1.

cxonutes (abCONOTHO) TIpH ¢ < 1

(HpI/I q = 1 HUKAKOI0 BBIBOJIA O CXOAUMOCTH psAaa caeyiaTh HEJIb34,

TPEOYIOTCS TOTIOJTHUTEIIbHBIC UCCIICTOBAHMS).




PamukanbHbIi Ecnu cymecTByeT npemesn KopHs n-i U3 MOJTyJIsE OOIIETo YiieHa psfa,

npusHak Komn T.e.. limg |an| =q,
a0COTIOTHOM 1o
CXOAMMOCTH PS/I0B X
TO psn Z ‘an cxonutcs (a6comoTHO) pu ¢ < 1

n=1
W pacxoauTcsa opu g > 1.
(ITpu ¢ =1 HUKAKOTO BBIBOJIA O CXOAUMOCTH psAJia CAENATh HEJb3S,

Tpe6YIOTCH JOINIOJTHUTCIBHBIC I/ICCJ'IGI[OBH.HI/IH) .

PeKOMeHI[aIII/II/I Mo NpUMCHCHHUIO JOCTATOYHBIX IMPU3HAKOB CXOAUMOCTH PA0B.

1.

IMpu3nak Jlamam6epa nmpuMEHSIOT, €CJIM OOIIHI YJICH psiia COACPKUT MOKa3aTeJbHbIe
¢byskimu a” nim paxropuansl n!. Eciau ke oOLuii wieH psaaa COIEPKHUT TOIBKO CTETICHHBIE
ynxmun n*, roe k — mo6oe KOHEUHOE BelIeCTBEHHOE YMCIIO, Ipu3HaK Jlanambepa, Kak
[IpaBUJIO, OTBETA HE HAET.

HuTerpanbHslii npusHak Koy npuMeHSIOT, €Cly JIETKO HAaliTH nepBo0dpa3HyIo 00IIero

YJICHA Psla.
PagukanbHblil npu3Hak Koy npuMeHsIOT, €CIIN JIETKO U3BJIEKAETCS KOPEHb /-1 CTENIEHU U3

obmero wiena psaja. Ipu stom, lim&/n* =1, rae k — mo6oe KOHEUHOE BEIECTBEHHOE YNCIIO.
n—>0

Taxoke none3Hoit ObiBaeT popmyaa CTHpPJINHTA:

n".2xn

nl ~ ———1pu n—> ©.
eVl

IIpu3Haku cpaBHeHUsI IPUMEHSIOT, KOT/1a JIETKO 000paTh JIIsl CPaBHEHUS 3TAJTOHHbIE
PS/ABI, HCIIOJIB3YS IPU 3TOM CpaBHEHHE OECKOHEYHO MasbIX (DyHKIHH.

a(x) > 0 mpu x > a
6 ~a(x)
sina(x)~a(x) og (1 + @ (x) In a
tga(x)~a(x) 6a In(1+ a(x))~ ar(x)
arcsin a(x) ~a(x) 7 a® —1-a(x)Ina
arctga(x)~a(x) Ta e _ 1-a(x)
1 — cos a(x)~(a(;))2 8 (I+a(x)” -1~ ua (x)

Crenyer uMeTh B BHIy, YTO TPH BBIYMCICHWH NPEAEIOB OTHOIIECHWH KOHEYHOro umcia 0. 6. CKIapIBaeMbIX (YHKIIHI
ciaraeMple 0oJjiee HM3KOTO MOpPSAKa POCTa MOYKHO OTOpachiBaTh, a CyMMY 3aMEHSTh CJIaracMbIM C€AMOI0 BBICOKOIO
MOpsiAKa PocTa.

o o _ n
I[Ipu 7 —> © camblii BBHICOKHI TOPSIOK POCTA MMEET MOKa3aTeJbHAasw (QYHKIUSL f (n) = a ; creneHHas

k
GbyHKIMS f (I’l) =N umeer mopsAnOK pocra, Gojiee HU3KWII 10 CPABHEHHIO C MOKa3aTelabHOW (yHKIHMeH, HO Goiee

BBICOKHMI IO CPAaBHEHHIO C JorapupMHUUecKoii; jorapupmudeckas (yHKIH f (n) = log o ! uMeer caMblil HU3KUH

TOPSIOK POCTA TIO CPABHEHUIO U C TMOKA3aTeNFHON (PYHKIHEH, U CO CTENIEHHOW. JTO 0003HAYAIOT TaK:

logan<<nk << a", mpun—> o,



OueHb A PEKTUBHBIM MTPH BEIYUCICHUN IPEAETIOB OKA3bIBACTCS IPUMEHEHHE CICAYIOMNX MPABUJI:

1. IIpenen orHomeHus 6. M. ¢. (0. 0. ¢p.) He U3SMEHHUTCS, €CJU 3aMEHUTh 3TH PYHKINU IKBUBAJIEHTHbBIMH.
2. Pa3HocTh IKBHBAJIEHTHBIX 0. M. . (0. 0. ¢.) ecTb 6. M. ¢. (0. 6. ¢p.) 6oJIee BEICOKOTO MOPSIIKA MATOCTH
(pocTa) Mo cpaBHEHHUIO ¢ yMeHbIIIAeMOH U BhIYuTaeMoi 0. M. ¢. (0. 6. ¢.).

3. CyMMa KOHEYHOTo YucJa 6. M. (0. 6.) cj1araeMbIX pa3HOro MOPSIKa MaJ0CcTH (POCcTa) SIKBHBAJEHTHA
cJaaraeMoMy caMoro HM3Koro (BbLICOKOro) Mmopsiaka MajJocTH (pocra).

4. Ecimn 6.M. ¢@. a (x) ~ay(x) npux—a, A=const# 0, 10 A+ a (x) ~A+ ay(x) npux—a.

§ lpuznaxku Jleiouuna u Jupuxiie

Ol'lpe):[e.]'[el-[l/le PHI[ C BCIICCTBCHHBIMHA YJICHAMH HA3bIBACTCA 3HAKOYECPECAYIOLIUMCH,
3HaAKo4Yepeayromerocsa | CCjim aBa JIIOOBIX €ro COCCAHUX 4YJICHAa HUMCHOT IPOTHUBOIIOJIOKHBIC
psina 3HAKU:
o0
n+l . n+l
Z(—l) a, =a,—a,+a;—a,+..+(=1)"a, +..
n=1

( Va, e R ,1.e. BemectBeHHbl U Va, >0).

Mpusnak Jleitbnuna | Eciu uneHsl 3HaKOYEPEIYIOLIErocs psa

1) yObIBatoT o aOCOMIOTHOM BeMYMHE, T.€. a,,, < d, U

n+l n

2) cTpemATCA K HYJIIO Ipy 1 —> 0, T.¢. lima, =0,

n—0

o0
n+1
TO psn Z (=D""a, cxomures,

n=1
€ro OCTaToOK HE IPEBBINIACT IIEPBOI0 YJICHA OCTATKa,
a 1O 3HAKy COBNAAACT CO 3HAKOM IICPBOI0 YJICHA OCTATKA.

IMpusznaxk Jupuxiie Ecnu  mocnenoBaTenbHOCTh  YaCTUYHBIX  CYMM {Sn} psana

o0
2 la,

n=1

OrpaHHU4cHa,

} MOHOTOHHAA W OECKOHEUYHO

a 4YHCJI0Basa II0CJICAO0OBATCIbHOCTD ﬂbn

Majas,

TO psAa Z ‘anbn

n=1

CXOJUTCS.




