I'nasa 1. PAJIbI

YucjioBblie psiabl
§ OcHOBHbIE NOHATHSA

Onpenesienne
4YHCJI0BOrO psaaa

IlycTe maHa mociie0BaTEIbHOCTh BEIIECTBEHHBIX MM KOMIUIEKCHBIX
qucell.

YucjoBbIM PAAOM HA3bIBACTCS CyMMa BCEX YICHOB YHCIOBOM
IIOCJIEI0BATEIbHOCTH:

0
da,=a +a,+..+a,+..
n=1
Yucma @, d,, ... ,d,, ... HA3BIBAIOT YJICHAMHM PSAAA.

CDYHKHI/IOHEU'IBHYIO 3aBUCHMOCTbL 4JICHA psiAa a, OT €ro HoMEpa n

Ha3bIBAIOT OOLIUM YJIeHOM psja: a, = f(n).

Onpenesienne 7 -i
YACTUYHON CyMMBbI
YHCJI0BOIO psiga
U
ocTaTKa psjga

CyMma n HEpBbIX WICHOB psifa HA3bIBACTCS €ro 71- 4YaCTHYHOM

n
cyMMoii 1 0603HagaeTcst S, = Z a, =a +ta,+..+a,,
k=1

OcTaTkoM psiia 7, Ha3bIBAETCA PA3HOCTb CyMMBI psiia S U €ro n —u

YaCTUYHOU CyMMBL: ¥, =a,,, +4a,.,,

+a,,+..,1e. §5=8§, +r1,.

n+3 ‘

Omnpenenenne
CXO/SIIIErocs psijia
"
pacxoasinierocs psijia

[ee]
Pag D, A, =a, +ay+..+a,+.
n=1
Ha3bIBACTCA CXOAALMUMCH, C€CJIIM CYHICCTBYET KOHEUHBIHM npeaci
MOCJICA0OBATCIIBHOCTU €T0 YaCTUYHBIX CYMM, paBHBIﬁ S , T.C. €CJIN
limS, =8, |S|<oo.
n—>»0

) He cywecmesyem,
Psin HasbIBaeTcs pacxoasimmumest, eciau lim S, =

n—o0 0.

Teopema o
CXOAUMOCTH psia ¢
KOMILTIEKCHBIMU
YJIeHAMH

[TycTs 4neHsl psna a, — KOMIUIEKCHBIE YACHA: d, =, + 3,1

o0
I[J'Iﬂ TOTO LITO6I:.I pSI,Z[ C KOMIIUJICKCHBIMH YJICHAMU Z an CXO0OuJICA,
n=1

o0
HEOOXOUMO M JIOCTaTOYHO, YTOOBI CXOAMIIUCH PSIIbI E,an u
n=1

o0

E ; ﬁ n , COCTABIICHHBIE U3 JIEUCTBUTEIBHOW U MHUMOMW 4YacTeu psaa
n=1

C KOMIIJICKCHBIMH YJICHAMU.




§ Kpurepuii Komn. Heo0xoaumblii npu3Hak cCX0AUMOCTH psiia

Kpurepuii Kommn

Hnst Toro, dYroObl YHCIOBOM pSAN CXOAWICA, HEOOXOAUMO |
JIOCTaTOYHO, YTOOBI JTFOOOK €ro OTPE30K MOKHO OBLIO CIeNaTh CKOJb
YTOIHO MAJIBIM TI0 a0COTFOTHON BETHYMHE:

(Ve>0)(3N =N(¢):Vn>N,Vp2l=a,, +a,,+..+a,,|<&.
Heo0xoaumprii ©
HPH3HAK CXOAUMOCTH | Ecym psif Z a, cxomures,
psina n=1
TO  Tpenen obmero  wieHa  psaa a, paBeH  HyJIO:

0
Z a, cxooumes = lima, =0

n—0
n=1

CaencTeue u3

Ecnu npenen oOuiero wieHa psjia He paBeH HYJIIO, TO psij

Heo0X0AMMOro PACXOAMTCS:

NpHU3HAKA 3

CXOIMMOCTH lma, #0 = Z a, pacxooumcs
(nocTaTo4YHBII o n=1

NPU3HAK

PacxoguMOCTH)

§ HexoTopsble cBOlicTBa CXOASILIUXCH PSAIOB

CgoiicTBoO 1
(006 ocratke)

Psin cxomurTes Torda M TOIBKO TOTA, KOrAa CXOOUTCS JII0OOHM M3 €ro
OCTaTKOB, T.€. OTOpAachIBaHHEC KOHEYHOI'0 4YHCJIa YJICHOB psija HE
BJIMACT HAa €T0 CXOJIUMOCTD.

CaoiicTBO 2
(TMHEHHOCTH)

o0 o0
Eciu psjst Z a, u Z b,
n=1 n=1

CXOOATCA K YHNCJIaM Su o COOTBCTCTBCHHO,

o0
TO psilt Z aa, + Bb, raxxe CXOJIUTCH,

n=1

U ero cymMmMma paBHa a S + fo (a u f — Npou3BOJIbHBIC KOHCTAHTHI).

CsoiicTBO 3
(KOMMYTaTHUBHOCTH)

[oe]
Ecnu psin Z @, cxomurcs, M €ro CyMMa paBHa S, TO 4IEHBI OTOTO
n=1
psiZa MOKHO, He MepecTaBJisisi, 00bEIUHATH B OJIHO CllaraeMoe
MIPOU3BOJIBHBIM 00pa30M, MPUIEM CyMMa MOTYICHHOTO PsIJIa TAaKKe
Oyzer paBHa S.




§ AOCOIIOTHASI U YCJIOBHASI CXOAMMOCTh

Omnpenenenne ©
a0CcoII0THOIA Pan Z @, HazpiBaeTcs a0COTIOTHO CXOASILIUMCS, €CITH CXOJUTCS
CXOAUMOCTH n=1
o0
pAll, COCTABJICHHBIN U3 MOJYJIEH YWICHOB ATOTO psja: Z ‘a nl.
n=1

Omnpenenenne ®
YC/IOBHOH Psan Z d, wazpiBaeTcs YCJIOBHO CXOAALIUMCH,
CXOAUMOCTH n=1

€CJIM pAJl U3 MOJYJIEH WICHOB psila PACXOAUTCS

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

Teopema 00 ® ®
a0CoTI0THOM Ecnu cxomurcs psan Z ‘an , TO CXOAUTCSA U PAL Z a, ,re. u3
CXOAUMOCTH n=1 n=1

a0COTIOTHON CXOMMOCTH CJIEYeT CXOAMMOCTh UCXOIHOTO Psiia.
Teopema o ® ®
KOMMYTATHBHOCTH Ecnu pan Z a, cxoguTcs abCOMOTHO ( Z ‘a n | cXomuTes), ¥ ero
a0coII0THO n=1 n=1

CXOadAIIerocsd paaa

CyMMa paBHa S, TO IpH 110001 MepecTaHOBKe €ro WICHOB BHOBb
MOJTyYEHHBIH P CXOIUTCS K TOU XkKe cymme S.

Kpurepuii
a0COJIIOTHOM
CXOUMOCTH Psifia C
KOMILIEKCHBIMH
YJjIeHAMH

0
YToOsl P Z &, + I, cxomuaes aGcomoTHo, HeOGXOAUMO U

n=1

0
JIOCTaTOYHO, 4YTOOBI 00a psAna E,a n

n=1

o0
)51 2 / IBn CXOOIUIINCH
n=1

aOCOJIIOTHO.

Kpurepuii ycioBHoO#
CXOAMMOCTH psija ¢
KOMILJIEKCHBIMHU
YJIeHAMH

o0
YtoOsI psift Z o, + ip n CXOAWJICH YCJAOBHO, HEOOXOIMMO U

n=1

o0
JIOCTaTOYHO, YTOOBI 00a psia z a,

n=1

e 0]
u Z Vo4 n CXOJIMIIUCH,
n=1

HpI/I‘léM XOTs OBl OJH U3 HUX YCJIOBHO.

Teopema Pumana

Ecmu pdaa € BCHICCTBCHHBIMU YWICHAMU CXOOUTCA YCIIOBHO, TO JIA
J000r0 BEUIECTBEHHOTO 4Mcia L, KOHEYHOrO WJIM HET, MOKHO TaK
NEpCCTaBUThL YJICHBI J3TOr0 psaa, I{TOGLI HOJIy‘-IGHHLIfI paa UMein
CYMMY, paBHYIO L.




§ Kpurtepuii a6co/1II0THOM CXOAUMOCTH PSIA0B

I[J'IH pPAAOB € MOJOKUTEJIbHBIMHA BEIECTBCHHBIMHA YJICHAMM IMOHATHUA CXOAUMOCTHU U
a0COJIIOTHOM CXOAUMOCTH COBIIAAArOT.

Kpwurepuii
20COJIIOTHOMH
CXOIMMOCTH PSI/I0B

I[J'If[ TOTO LIT06I)I paa € TMOJIOKHUTCIbHBIMHA YJICHAMHU CXOIUJICA,
H606XOI[I/IMO n JOCTAaTO4YHO, YTOOBI IHOCJICO0OBAaTCIIbHOCTE €TI0
YaCTUYHBIX CyMM 6I)IJ'Ia OorpaHn4cHa B COBOKYITHOCTH, T.C.
M :Vn=S8,<M.

§ JlocTaTouHbIe MPU3HAKH A0COJIIOTHOM CXOAMMOCTH PS/I0B

HNHTerpajbHbIi
npusHak Komu
a0coJIIOTHOM
CXOAMMOCTH PSI0B

IlycTe HEOTpULIATEIbHAS HA TTy4e [k,oo) ¢byHkuusa f(x) MOHOTOHHO
yOBIBaET MpU X —> O,

U TIpH LENBIX 7 =1, 2,... ©IMEeT MeCTO paBeHCTBO f (1) = | a,

o0
Torna psn Z ‘a n
n=k

cxonutcs (aOCOIOTHO),

0
€CIIA CXOIUTCS UHTETPa J- f(x)dx

k
0
wpsa 2 |a,

n=k

PacXOoUTCs, €CIU PACXOIUTCS J- f(x)dx.
k

IlepBas Teopema
CpaBHEHUSA

psijioB

€ NMOJIOKUTEJIbHBIMU
YJIeHAaMHU

b

Ecnn muig Bcex n > ny > 1 BBINOIHAECTCA HEPABEHCTBO |an| <b,

o]

b

TO U3 (a0COIOTHOI) CXOAUMOCTH psja Z
n=1

n

o0
cienyet (abCOMOTHAS) CXOAUMOCTD psijia Z ‘a n
n=l

3

o0
a U3 pacXoJMMOCTH psija Z ‘a n
n=1

0

b

CJIelyeT pacXOJAUMOCTH psia Z

n=1

n

o0
3ameuanue 1. Eciu psn Z ‘an

o0
PacxoIUTCs, TO PAJT Z b n MO0 pacxoauTcs, U060
n=1 n=1

CXOOUTCA YCIIOBHO. HY)I(HLI JOIMOJIHUTCIABbHBIC UCCIICAOBAHMUA.

0 o0
Ecau xe pAAbI Z l, an n : / bn COACPIKAT JIMIID MOJOKUTEJIbHBIC BEIIECTBCHHBIC YJICHDI,

n=1

n=I1

o0 [ee]
TO U3 PACXOJUMOCTH Z a, cremyer pacxoaMMOCTh Z b, .

n=1

n=1




Bropasi Teopema i |an|
CpaBHeHHsI [Tycts cymecTByeT npeaesn }ggm =q.
psaaoB "
€ MOJIOKUTEJIbHBIMH -
YieHAMU Ecmu g € [O, o) U psl Z ‘b n | cxonuTcs (a0COMOTHO),
n=1
o0
TO cxoauTcs (aGCOMOTHO) U SN Z ‘an .
n=1
[oe]
Ecnu g >0 upsn Z ‘b n | paCXOUTCH,
n=1
0
TO PACXOIUTCS U PAJL Z ‘a nl.
n=1
o0
] a
3ameuanme 2. Ecu g = o, 1o Torma lim— =0, To U3 CXOAUMOCTH n| CIEMyeT
n—0 |a” | }’l:1
o0
CXOJIUMOCTh Z b,
n=1
o] [o0]
3ameuanue 3. Ecoiu g # 0 u g # o0, TO psjbl Z ‘an u Z ‘bn BEIYT ceOs

n=1 n=1

OJIMHAKOBO: WJIM 00a CXOAATCS, WJIH 00a pacXoasTcsl.

o0 e8]
st psnoB Z a, u Z bn TpeOyIOTCS JONOJHUTENbHbIE HccaenoBaHus. Kaxplil u3 HUX,
n=1 n=1

HC3aBUCUMO OT APYTOro, MOXET 1160 CXOOUTHLCA YCJIOBHO, 1160 pPacxoauThCH.
Ecau ke 4jieHbl 3THX PAI0B BCIHICCTBCHHBI M IOJIOKUTEC/IbHBI, TO IIPH ¢ # 0 s  # 0 pAAbI

0 0

Z a, u Z b n WJIH 002 CXOOATCH, HJIH 002 pacxoasaTCs.

Ipusnak Janambepa | Ecin cymiecTByeT npeaes OTHOMIEHHSI MOTYJIEH ITOCIEAYIOIIEro YIeHa
a0coJIIOTHOM

. |an+l |
CXOIMMOCTH PSI/I0B psafa K npeapiaymemy, T.c.: ig{cl |a | =4,
o0
TO psl Z ‘an cxoauTtcst (a0COMIOTHO) TIpH. ¢ < 1
n=1

U pacXoauTcs mpu g > 1.
(ITpu ¢ =1 HHMKaAKOTO BBIBOJA O CXOAUMOCTH psAJia CEIaTh HEIb34,

TpeOYIOTCS IOTIOJIHUTENIbHBIE UCCIIEIOBAHMS).




PamukanbHbIi Ecnu cymecTByer npemesn KopHs n-i U3 MOJTyJIst OOIIETo YiieHa psfa,

npusHak Kouu T.e.: lim # |an| =q,
a0coII0THOM o
CXOAMMOCTH PS/I0B X
TO psn Z ‘an cxoautcs (a6comoTHO) pu ¢ < 1

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

Tpe6y1-OTC$I JOINIOJTHUTCIBHBIC I/ICCJ'IGI[OBaHI/IFI).

PexoMeHIa1UM 110 TPUMEHEHHIO TOCTATOYHBIX PU3HAKOB CXOJIUMOCTH PSIOB.

1. Tpusznak Jamambéepa npuMeHSIOT, €CJIM OO WICH PsAZla COACPKUT MOKAa3aTeJIbHbIe
¢yukuuu " wnu pakropuansl n!. Eciu ke oOmMii 4iieH psaa COAePKUT TOIBKO
CTeneHHbIe QyHKIINH n*, rie k — mo6oe KOHEYHOE BEIIECTBEHHOE YHUCIIO, MIPU3HAK
Jlanam6epa, Kak paBuio, OTBETA HE AET.

2. HHTerpanbHbli npu3Hak Koy npuMeHsIOT, €CU JIETKO HAWTH NMepBO00Pa3HYI0

oO1ero uieHa psja.
3. PapmxanbHbIi npu3Hak Koy NpuMEHSIOT, €CIH JIETKO U3BJIEKAETCS KOPEHb 71-1

cTeneny u3 odmero unena psaa. [pu stom, limA/n* =1, re k — mo6oe KoHeuHOE
n—w

BEIIECTBEHHOE YuCII0. Tarke noje3Hoi ObiBaeT (popmyaa CTHPJIUHTA:

n".\2zn
n! ~ ————mnpu n — .
e

4. TIpu3HAKHW cpaBHEHMS MPUMEHSIOT, KOT/Ia JISTKO MO00paTh IJIsl CPaBHEHHUS
ITAJIOHHBIE PA/bI, UCIOJIb3Ys IPU ITOM CpPaBHEHHE OECKOHEYHO MaJIbIX (DYHKLIUH.

a(x) >0 mpu x > a
1 6 _a(x)
sina(x)~a(x) og (1 + @ (x) In a
2 tea(x)~a(x) 6a In(l + ()~ a(x)
3 arcsin ar(x)~a(x) 7 a®™ —1-a(x)Ina
4 arciga(x)~a(x) 7a ™™ —1-a(x)
: 1 cos a<x>~<a<;»2 S (+a(x)” —1-ua(x)

Crnenyer WMeTh B BUAY, YTO IIPHU BBIUMCICHUM NPENENIOB OTHOIICHWH KOHEYHOrO umcia 0. 6. CKIaIbIBaeMBIX
(yHKIMA crnaraeMele 0oJee HU3KOTO TOPsAKA pocTa MOXKHO OTOPAchIBaTh, @ CYMMY 3aMEHATH CIIaraeMbIM €aMOro
BBICOKOI'0 NOPSIAKA POCTA.

o o _ n
Ilppy 1 —> O camblii BBICOKUH IOPANOK POCTa HMMEET NOKa3zaTeJbHas (QyHKIMs f (I’l) =a ;

cTeneHHast (QyHKIHS f (n) :nk UMeEeT MOpSJIOK pocTa, Oojiee HM3KMH 10 CPaBHEHHIO C MOKa3aTeJIbHOU
¢yHkupel, HO Oojee BBICOKMII 10 CpaBHEHUIO C JorapupMu4eckoi; sorapupmuueckas QyHKIUsI
f (n) = log o« 7! uMeer camblil HU3KMH IOPANOK pocTa 10 CPAaBHEHMIO M C IOKa3aTelabHOH QyHKiuel, u co
CTeTIeHHON. DTO 0003HAYAIOT TaK:

log, n<< n* <<a", npnn—oo.




Ouenb 3(pPEeKTUBHBIM IIPY BEUHUCICHUHN IPEAEIOB OKAa3bIBACTCA IPUMEHEHUE CIEAYIOINX MPaBUJI:

1. Ipenen orHomenus 6. M. ¢. (0. 6. ¢.) He HBMEHUTCS, €CJIH 3aMeHUTh 3TH (PYHKIMHI
IKBUBAJEHTHBIMHU.

2. Pa3HocTh IKBUBAJIEHTHBIX 0. M. . (0. 0. ¢.) ecTb 6. M. ¢. (0. 0. ¢p.) GoJIee BEICOKOTO MOPSIIKA
MaJjocTH (PocTa) MO0 CPABHEHHIO € YMEHbIAeMOil 1 BbIYUTAaeMoii 0. M. ¢. (0. 6. ¢.).

3. CyMMa KOHeYHOro yucJja 0. M. (0. 0.) c1araeMbIX pa3HOro Nopsijika MajaocTH (pocTa) SIKBUBAJeHTHA
cJ1araeMoMy caMoro HM3Koro (BbICOKOro) nopsiaka MajocTH (pocra).

4. Ecimu 6.M. §. a (x) ~ai(x) npux—a, A=const #0, T0 A+ a (x) ~A+ a;(x) npux—a.

§ lpuznaxku Jleitonuua u Jupuxiie

Omnpenenenne
3HAKOYepeayerocs
psaa

PSI)I C BCIICCTBCHHBLIMHA YJICHAMH HA3bIBACTCSA 3HAKOYECPECAYIOLIUMCH,
€CJIM OBa T00BIX €ro COCCAHUX 4YJICHAa HUMCKOT IIPOTHUBOIIOJIOKHBIC
3HAKH:

o0
z (-D)"™a, =a,—a,+a,—a, +..+(=1D)""a, +..
n=1

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

I[pusnaxk Jleii0Hu1IA

Ecnu unensl 3HaKoueperyromerocs psiaa

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

n+l n

2) cTpeMsTCA K HyJIIO IIpu 1 —> o0, T.€. lima, =0,

n—0

o0
n+1
TO pAnl Z (—=D"" a, cxomures,

n=1
€ro OCTaToOK HE IPEBBINIACT IEPBOI0 YJICHA OCTATKa,
d 10 3HAKY COBIIAAACT CO 3HAKOM IICPBOro 4JICHA OCTATKA.

Ipusznak JupuxJie

Ecim  mociienoBaTenbHOCT  YaCTHUYHBIX — CyMM {Sn} psana

[ee]
2 la,

n=1

OTpaHUYCHA,

} MOHOTOHHASI U OECKOHEYHO

a 4ucJjIoBasi IMOCICOAO0BATCIBbHOCTD ﬂbn

Majas,

TO pAfl Z ‘anbn

n=1

CXOJUTCH.




