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o= 7 =
ool
= 5 E g E
o% T E 8| > s
= eMu 2 75 |2 =
ol & S é A
Z § m = <o)
=
[
1 2 3 4
3micToBmii Moayas 1.
YucJioBi psian
OcHoBHi nonsATTs. HeoOXizHa o03HaKa
p | emen §1.1
301KHOCTI.
Ne
JocraTHi yMOBH 301KHOCTI PSIIIB 3
2 81.2
JONATHUMH YICHAMH.
3 | 3nakosminni psam. 81.3 Ne
3micToBHii Moayab 2.
Crenenesi psaan
4 | TonaTTs yHKIIOHATILHOTO PALLY. 82.1
CrenieHesi psau. [HTepBai 301KHOCTI. Neo
5 82.2
CTETIEHEBOT'O PSIY.
JudepeniiitoBaHHs Ta IHTETPYBaHHS
6 _ §2.3
CTEIIEHEBUX PSIB. Neo
7 | Posknan dyHkuiii B cTenenesi psanu 82.4

3micToBuii MmoayJnb 3.

3acTocyBaHHS CTeNneHEBUX PSAdiB
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1 2 3 4
3acTocyBaHHS CTEIICHEBUX PSIIB 10
8 83.1 Ne
HaOIMKEHUX O0YHCIIEHD.
HaOmmxeni o0uucieHHs] BU3HAYEHUX
9 | . 8§32 | Ne
IHTErpaiB.
3acTocyBaHHS CTEIICHEBUX PSIIB 10
10 | posp’ssyBanHs aubepeHIiaTbHUX 83.3 Ne
PIiBHSHB.
3micToBuii Moayab 4.
Psagu ®dyp’e
Psimun @yp’e. Pozknan ¢yskuii B psia
11 84.1
Dyp’e.
Psau dyp’e i napHUX 1 HEMapHUX
12 ) 84.2 Ne
GyHKII.
Po3BunenHs B psiji Oyp’e HenepiognIHUX
13 ) 84.3
GyHKITI.
Po3nain 1. Yuciosi psaau
§ 1.1. OcHoBHi mousarrsa. Heo0xiaHa o3Haka 36i:kHOCTL
Hexait naHa HecKiHYE€HHA YHMCIIOBA ITOCIITOBHICTD
ul’uzgus’...’u’”... .
Bupas
o0
u1+u2+u3+---+un+---:zun (1.2)
n=1
Ha3UBAETBCA YUCNO6UM psadom. Yucnma uy,u,,uz, --,U,, -+ HA3UBAIOTHCA
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YJIEeHAMU YHCIIOBOTO PALY, a U,, — 3aranbHuM (abo 7-M) WIEHOM psay.

Sxmo psx (1.1) MicTUTh SIK 1OAATHI, Tak 1 Bij €MHI YJICHH, TO BiH
Ha3UBAETBCSA 3HAKO3MIHHUM. SIKIO X BCi WiIEGHH PAOy HEBiJ €MHI, TO BiH
Ha3UBAETHCS 3HAKOOOOAMHUM.

Psin 3amanmii, SKIo BigoMo Horo 3aransHuid wied U, = f(n), Tobto
BiJlOME TIpaBWJO, 3a SKUM JUISI KOKHOro Homepa n(n=2123,--7)
BU3HAYAETHCS BiANOBITHU WICH PSIY.

Ilpuknao 1. Hamwcatn mepmii TpH WiISHW psjay, 3arajbHUA YiIeH

SKOT0 3alaHuil hopMmyo0 U, = (— )t
2n +1

Po36’sa3annsa. Beaxatoun, mo N=1,2,3, onepxyemo

1 1 2 2 3 3
U, = _11+1_ — 2+1—=——;U = (=1 3+1_:_'
l()21132()2-2+1 53()2-3+17
JlaHuil psaa MOXHA 3aIIMCATU TaK:
1 2 3
——— =t —1”*1— --- abo ) [AR—
3 5 7 1 2n+1 Z( ) 2n+1

Ipuknao 2. 3naiity Gopmyny uis 3araibHOTO WieHa sty

1 1 1 1
4+—t—t——+—+
2-:3 39 4.271 5.8

Po36’a3anna. MoxHa 3aMITHTH, IO 3aTajJbHAN YICH TAHOTO PSAY

BU3HAYAETHCA 32 POPMYIIO0 Uy =———.
n-3-

Cyma KIiHIIEBOTO YHCIIAa TEpIINX /7 WICHIB PsAy HAa3HUBAETHCS 7-10

YACMUHHOI CYMOI TIHOTO PSNY 1 MO3HAYAETHCA Yepe3 S,
S, =Uy+uy+etu, . (1.2)
PosrnsHEMO TOCTTI IOBHICTD YaCTUHHHUX CYM

Sl:ul,SZ :ul+UZ,“‘,Sn =u1+u2 +"‘+un,
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SKmo icHye rpaHuULs
lims, =s, (1.3)

n—o0

TO ii Ha3WBarOTh CyMOIO psAny (1.1) 1 KaxyTh, 1O pa 30icacmovces. SIKIMO K
BKa3aHa TPAHUIIS ITOCIITOBHOCTI YACTHHHUX CyM JIOPIBHIOE HECKIHYEHHOCTI
a00 He ICHYE, TO P po30icacmvcsl.

Tpuxnao 3. 3HaiiTi cymy psiny

1 1 1
ﬁ+§+...+m+...

Po36’si3anns. TlepeTBoproeMo 3arajibHUi 4iieH psiay (po3KiIagaemMo

fioro Ha cymy BOX ApoOiB):

1 (@+n)-n_1 1

:no(n+1)_ n-(n+l) n n+1’

n

MoskeMo 3anmcaTi

UL SO U SO S SO N SO S
! 2 BT 4 Y T n on+d
g r 211 111 1,1

" 2 2 3 3 4 n-1 n n n+l n+l’

OOYHCITIOEMO TPAHHMITIO:

s=lim s, = lim (l—ij=1.
n—w n—ool n-1

OckinpKku icHye CKiHY€HHA TpaHWIL, TO pAn 30iraerbcs i ioro cyma
JOpiBHIOE 1.

Hagenemo ocnosni enacmugocmi 301KHAX PSIIIiB.

1. SIxmro 36iraeThes psin

Up+uy +ug+-tu, oo,

TO 30iraeTbes i psig

Upd Ty Tlpz T Tl +000y
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OTpUMAaHHMIl 3 TAHOTO PSIY BiIKHIAHHAM MEPIIMX M YICHIB; HABMAKH, SKIIIO
30iraeTbest OCTaHHIHM psil, TO 30iraeThest 1 psijL, 3 SIKOTO BiH OTPHUMYETHCS.
2. Sxmo psag
Uy Fug+etu, +oo
30iraeTbest 1 HOro cyma JOpIBHIOE S, TO psijt
ke +kuy + kg +---+ ku, +--
TaKOX 30iraeThcsi, NPUUOMY CyMa OCTaHHBOTO JIOPiBHIOE KS.
3. Skuo psiau
Uy Uy Fug+o U, +o, VAV F Vg ety o
30iraroThes 1 IXHI CyMH BiANIOBIZHO PiBHI S, 0, TO psill
(g +v1)+(uy +vp) +(ug +va)+--+(u, +v,)-
TaKOX 30iraeThcsi, NPUUIOMY HOro cyma JIOPIiBHIOE S+ o .
Heobxiona ymosa 30iscrnocmi psidy: sIKILO psij
Uy Fug U, +oo

36iraeTses, To lim u, =0, T06TO 3arampHUIl WiIeH 301KHOTO PSITY HPSIMYye
N—o0

JI0 HyJISI TIpY N —> 00,
Hacniook. SIkmio 3aranpHUN WieH psIy He MpsAMye 0 HyJIS Opu
N — o, TO psiji PO30IraeThCsl.

n+10

Ipuxnao 4. 3’scyBath, 36iraeThCs 9M po30ITa€ThCS PSIIT Zm .
n+

n=1
Pos36’a3annsa. llepeBipseMo BUKOHAHHS HEOOX1THOI YMOBH 3015KHOCTI
pany.

. n+10 1
Imu,=——=—=
n—oo 10n+1 10

OTxe, psn po30iraeThes.

Sxmo HeoOxigHa ymoBa 301KHOCTI IS TAHOTO PATY BUKOHYETHCS,

© I'ynyn B 1., SIxkumenxo C.M. 8



TO BiH HE 000B’S3K0BO 30iraeThcs. Po3riistHeMO psif

1+1+l+---+£+---. (1.4)
2 3 n

. o . 1 .
Leit psan HazuBaeThes capmonitinum. Tak sk lim u, ===0, To HeoOXinHa
n—o n

yMOBa 301)KHOCTI PSITy BUKOHY€ETHCH.

ITokaxxemo Terep, 1o psaa (1.4) po3diraeTbes. 3amuieMo BKa3aHUI
PAI HACTYITHUM YHHOM:

2un. 4un. 8ur.
—
111 11 11 1 1 1 1
I+—4+—+—+=+= —t—t—+—+—+—.
11 12 13 14 15 16

1 1 1 1
+E S+ —+
2 3 45 6 7 8 9 10
Po3risiHeMO Takox psif BURY

2un. 4un. 8un.
11 1 11 1 1 1 1 1 1 1 1
l+—+—+—+—+— —_—t—t—+—+—+—+—+—---.
2 4 4 8 8 16 16 16 16 16 16 16 16

11
+=+=
8 8

IlozHaunmo wepe3 S, i o0, YacTUHHI cymMH 1-r0 Ta 2-rO psuiB

BignoBinHo. Jlerko Oauuth, WO i N>2 BHUKOHYEThCS HEPIBHICTh

Sp > Oy, . 3HAIIEMO YaCTUHHI CyMH Gy, Gy, Og, " **, Oyt :

o, =1+%=1+1%, 04 =0y =1+%+(%+%)=1+2-%,

Og =08 =1+£+(1+1j+[1+£+1+£)=1+3%,-~,sz =1+k~%.

2 (4 4) 8 88 8
Tax six
. . 1
lim Op = lim (l-i—k-—j:oo,
k—0 k—o0 2
TO

lim S,k > lim O =0
k—o0 k—0

OueBuIHO, 10 yMOBU K —>00 1 N —> o0 BHUIUIMBAIOTH OfHA 3 ofHOI. OTxe,

© I'ynyn B 1., SIxkumenxo C.M. 9



lim s, =0, TO6TO rapMOHIHHUI PR PO36IraeThCs.
n—oo

Hamani gacto OymuMo BUKOPUCTOBYBATH V3d2dbHEHO-2APMOHIUHUL
pan (psx dipixie)
1+2ip+3ip+---+nip+-~-. (1.5)
MoxHa mokazatu, 1o mpu pP>1 psg 30iraerbes, a mpu P<1 psaxa
pozbiraersest (mpu P =1 MaeMo rapMOHIHHU psin).
PosrissHemMo psia Buay (Cyma WIEHIB HecKinueHol 2eomempudnol
npozpecii)
a+ag+aq® +--+aq" +--, (1.6)
Jie a — TepUIMi YieH TeOMETPUYHOI Mporpecii; ( — 3HaMeHHHUK. SIK BiloMO

n-a YACMUHHA CYMA IIHOTO PARY O0UHUCIIOETCA 32 (POPMYIIOL0

g =479 (1.7)
1-¢

3HalieMO IPaHUIlI0 YACTUHHOI CyMHU:

s =999 | @ _ed"|__a . ad"
nowo 1—q n—o0) 1—q 1—(,] 1—q n~>ool—q
Sxmo |q|<1, TO
lim s, = ‘.
n—o0 ]_—q

Sxmo x |qf>1, To BkazaHa rpaHHI JOPIBHIOE HECKIHUYEHHOCTI a0o He

. . . a

icaye. Omxe, pu |ql<1 psax (1.6) 30iraeTscs i Horo cyma s =l—; npu
—-q

|q[>1 psna (1.6) po3diraerhes.

© I'ynyn B.1., Sxumenko C.M. 10



§ 1.2. loctaTHi yMOBH 30i>KHOCTI PsSiAiB 3 JOAATHUMH WIEHAMHU
Teopis psOiB  3aCTOCOBYEThCS JUIsl  PO3B’si3aHHS ~ 0araTbox
MPAKTUYHHX i TEOPETHYHHUX 3a/1a4. SIK MPaBHIIO, BUKOPHCTOBYIOTHCS 301KHI
psnu, a TOMy NHTaHHS 30DKHOCTI psiAy € OXHMM 3 OCHOBHHX. HaBenmemo
Jaii  JeKiibKa JOCTaTHIX YMOB 30DKHOCTI IS psAAiB 3 JOJATHHUMHU
(MOXKJIMBO HEBiI'€MHUMH) wWieHaMH. PO3IISHEMO CIOYATKy O3HAKU
NOPIGHAHHA.
Hexaii 3aqani 4ucoBi psiqy 3 T0AaTHUMH YWICHAMH:
WUy e tu, (2.1)
Vi+Vy ey, o (2.2)
Ilepwa o3naxa nopienanus. SIKIIO Ui BCiX 3HAUY€Hb N BUKOHYETHCS
HepiBHICTb u,, <V, ,TO i3 30DKHOCTI pamy (2.2) BumiaMBae 30LKHICTD psIy
(2.1), a i3 pos3bibkHOCcTI psny (2.1) BuIIMBae po30ixkHicTh psny (2.2).
[HIMMU  crioBamMH, SKIIO 30ira€tbCcs psiag 3 OUIBLIMMHU  4YIEHAMH, TO
30iraeTbcsi 1 psii 3 MEHIIMMHU 4WIGHAMH, a SIKIIO po30iraerbcs psin 3
MEHIIMMH YIEHAMH, TO PO30IracThes i psijl 3 OUIbIINMU WICHAMHU.
JHoBenemo, 110 sKIIO 30iraeTbest psif (2.2), To 30iraerses i psp (2.1).
Hexa#t s, =u+u,+--+u,, o,=v+vp+---+v,. 3 ymoBu (2.3)
BUIUIMBAE, WO S, <o, . Tak sk psan (2.2) 30iraerscs, TO iCHye T'paHHIA

lim 6, =c. MoxeMo 3anucatd s,<G, <G, TOOTO MOCIiIOBHICTh
n—>0

YaCTHHHHX CyM {s,} oOMexeHa. Tak sk psizx (2.1) cKIafaeTsest 3 JOOATHUX
(MOXTTMBO HEBiJ €MHHX) UWICHIB, TO Ui OyIb-SIKOTO N BHUKOHYETHCS
HEpiBHICTB §, <, .lle o3Havae, mo mochinoBHicTh {s,} HecmaaHa. Tak
SK oOMe)keHa 1 HeclaJHa TOCIHiIOBHICTE € 30DKHOI0, TO ICHYE TpaHHIIA

lim s, =s. Omxe, pax (2.1) 30iraeTbes.

n—0

© I'ynyn B.1., Sxumenko C.M. 11



3ayeaocennsn. YMoBa u, <v, MOXKe BUKOHYBAaTHCS HE IJII BCIX N, a

TIOYMHAIOYH 3 JIEIKOro HoMepa n= N .

[Ipn 3acrocyBaHHI O3HAaK TOPIBHSIHHS JIOCHIJDKYBaHUH  PSI
TIOPIiBHIOETHCS 3 PAJOM, SIKUH BXKe JOCIiKeHNH. B SKOCTi OCTaHHBOTO, SIK
MpaBuIIo, OyIUMO BHKOPUCTOBYBaTH psif [lipixie abo psin, WieHH SKOro
YTBOPIOIOTh HECKIHYEHHY T'€OMETPUYHY IIPOrpecito (IUB. TOMepeaHii

naparpad).
o | s
. L |sinn|
Ipuxnao 1. Jocniauty 301)KHICTH YUCTIOBOTO Py 2—2 .
n=1
Posg’sisanna. MaeMo paA 3 HEBi'€eMHHMH 4YI€HaMH. 3acTOCYEMO
nepury o3Haky mnopiBHsHHS. [l mopiBHsHHS BizbMemo psa  Jlipixie

0

1 o .
Z_z , sIKUi 30iraersest (p=2>1). Tak sk |sinn|<1, To ms Gyab-aKoro
n=11

. |sinn|
N copaBelINBa HEPIBHICTh ——— < —-
n n
3riZiHO 3 MEPILOI O3HAKOIO MOPIBHSHHS, 13 301KHOCTI B3SITOrO ISt

nopiBHsHHS psany ipixiie BUILITUBAE 301KHICTh 33aHOTO PSITY.

pyea (epanuuna) oznaxa nopienauns. Slkumo ans panis (2.1) 1 (2.2)

iCHye CKiHYeHa 1 BigMiHHA BiJ Hyns rpanHuns lm —* =k, To wi psmu
n—wo Y
n

OIHOYACHO 30iratoThcs a00 OTHOYACHO PO30IiraroThes.
. L 2 2n° +5
Ipuxinao 2. Jlocniguty 301KHICTh YUCIIOBOTO PSIY 4—1 .
n=1 n +

Pos3s’asanna. 3actocyeMo ApYry O3HaKy TOpiBHAHHS. s
0

TOPIBHSAHHASA Bi3bMEMO TapMOHIHHHMN psiI Z—, SKAA PO30iraeThes.
n=1

OO0YHCITIOEMO TPaHMITIO:

© I'ynyn B.1., Sxumenko C.M. 12



3 3 4
fim % = fim 2n4 +5:1 _ 2n4 +5'£ — lm 2n4+5n
L P R n—o| pT4+1 1 n—o|  p* 41

2.

3riHO 3 APYror0 03HAKOK MOPIBHSHHSA, i3 PO301KHOCTI B3SATOTO JIIS
TIOPiBHSHHS TAPMOHIHHOT0 PsIly BUIUIMBAE PO301KHICTB 3a/IaHOTO PSAY.

Haragaemo mnpaBuio, sike Oyno 3acTOCOBaHO IpU OOYMCIIEHHI
ocTaHHbOI Ipanuui. Sxmo P,(n) 1 Q,(n) MHOIOWIEHH m -TO 1 7 -TO

. . . P,(n)
CTeNeHs BIANOBIAHO, TO TpaHuI lim

—-—— NOpIBHIOE: a) BiJIHOIICHHIO
=)

YUCIIOBUX KOE(DII€HTIB IIPU CTapIINX CTENEeHSAX # MHOrOWIeHIB P, (n) i
0,.(n), akmo m=r; 0) Hymo, KO m <7, B) HECKIHYEHHOCTI, SKIIO

m>r.

o0
Osnaxa Jlanambepa. SIxkmo mia pany 3 AOAATHUMHU WICHAMU Z”"
n=1

ICHY€e TpaHuLIs

fim 2ot =7 | (2.3)

n—o Y,

TO psi 30iraethest 3a [ <1 1 po3Oiraersest 3a [ >1. Y Bunanky, komu /=1,
MUTaHHS PO 301KHICT PSIY II€I0 03HAKOI HE BUPIMIYETHCS (DS MOXKE SIK
30iraTucs, Tak i po3biraTucs).

2}’1

Tpuxnao 3. JJocmianty Ha 301KHICTE P _—
P a P Z:; (n+3)!

Po3z6’si3anns. 3actocoByeMo o3Haky JlamamOepa. BpaxoBytouu, mio

n=1-2-3....n i (n+4)=1-2-...-(n+3)-(n+4) = (n+3)n+4) , Maemo:

21’! 2n+1 2n+l
Uy =777, Uy = = ;
(n+3)! (n+D)+3)!  (n+4)

© I'ynyn B.1., Sxumenko C.M. 13



2" (n+3) i 22+ 3)!

lim =L = lim | ——
now y, a0 (n+4) 2" n-w (n+3)(n+4)-2"
= 2 =0<1.

n—on+4

Psn 36iraerncs.

Paouxanvna oznaxa Kowi. SIKmo mis psny 3 NOAATHUMHU YJICHAMH

o0
Z”" iCHY€e TpaHuLIs
n=1

(2.4)

TO psin 30iraerhest 3a s <1 i po3diraerbes 3a A >1. Y Bunaaky, komu hA=1,

O3HaKa BIAMNOBII HE Ja€.

Ifo o3HaKy 3pY4HO 3aCTOCOBYBATH Yy TOMY BHIAJKy, KOJH

3aralbHUM WIeH u, MPEACTaBIIsie COO00 AESKUH BHpa3 B CTENEHI 7, TOOTO

u, =(f(m)".
. L = (203 1)
Ipuxnao 4. Jlocniguty Ha 301KHICTD P Z - -
\n”+10

Po36’s13anns. 3acTOCOBYEMO pairikainbHy o3HaKy Kori:

2n®+1) 2n° +1
lim 4fu, = lim o] So—= | = fim = _251,
n—»0 n—»0 n3 +10 n—»o I’l3 +10

Taxk sik TpaHuIls OLTBIIE OOWHUIIL, TO P PO30Ira€Thes.

o0
Iumeepanvua osnaxa Kowi. Hexall unenu pany Z”" onaTHi 1 He
n=1

3pOCTalOTh, TOOTO Uy Uy =-+-2u, =---, 1 Hexal f(x) — HemepepBHa

Hespoctaroya (yHKWis, Uit Kol BHKOHYIOTBCS piBHOCTI  f(1) =uy,

© I'ynyn B.1., Sxumenko C.M. 14



f(@)=uy, -, f(n)=u,,---. Toxi, AKIWO HEBIACHUH IHTErpain If(x)dx
1

o0
30ira€eThcs, TO 30Ira€Tbes i Psin Zu”; SKIIO K HEBJIACHUH 1HTErpas
n=1

[oe]

I f(x)dx po3biraeTscs, TO pAn Z”n TaKOXK pO30iraeThesl.
1 n=1

Bigmitumo, mo dopmyna Uit oduuciaeHHs N-ro wieHa u, = f(n)
BU3HAYa€ MifgiHTerpanbHy ¢yHKOi0 f(x). @DyHKUIS LiI0YHUCENBEHOTO
apryMeHTy f(n) 3aMiHIOETbCS Ha (yHKUiIO AiCHOrO aprymeHty f(x).
[HTEerpasibHa 03HaKa, SIK IPABUIIO, BAKOPUCTOBYETHCS Y THX BHIAAKAX, KOJIH
IHIIN O3HAKU HE MAIOTh BIAMOBIAI HAa MUTAHHA HPO 30DKHICTH YHCIOBOTO

pay.

1
Tpuxnao 5. Jlocmiauty 301KHICTE P B —
P Alocmiz PR ;(n-i-l)ln(n—i-l)

Po3z6’sizannsi. 3actocyemo iHTerpanbHy o3Haky Komi. Tak sk

u, = _ T0 f(x)= 1 JocmimkyeMo HeBIaCHUI
"D+ (r+DIn(x+1) Y

iHTerpan:

b b
i D)
b—0

 Frrveeraa 8 Freverravsere
) (x+1)ln(x+1) po0d (x+D)In(x+1) In(x +1)
= lim ln|h1(x+1)||f=}}im(]n\ln(b+1)|—]n|ln2|)=oo.

Taxk sik HeBIaCHHUI iHTErpas po30iraeThes, TO po30iraeThes 1 JaHUH P,

§ 1.3. 3nako3MiHHi psiau

3HaK0n€p€Mi9fCHuM HAa3UBA€THCA P BULY
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Uy —ty + g — 1ty +-+ (=1, +---, (3.1)
ae u; >0(@{=123,--).

Osnaxa Jleibniya 30DKHOCTI 3HAKONEpEMIiKHOTO psay. Skimo
aOCONIOTHI BEJIMYMHM WIEHIB 3HaKorepeMiKHOro psay (3.1) MOHOTOHHO
CI1alaloTh, TOOTO

Up > Uy > >U, > (3.2)

1 3araNbHUN YJIEH MPSIMYE JI0 HYJIS IPH HECKIHYEHHOMY 3pOCTaHHi N, TOOTO

limu,=0, (3.3)

Nn—»0
TO Hel psa 30iraerbes, Horo cyma S moJaTHa i He TEPEBUIYE IMEPIIOro
4JieHa pAamdy.
3ayeaxcenns. O3Haka JleHOHIIA 3aiMIIAEThCS BIPHOIO 1 Yy TOMY
BUIAJIKy, KOIM yMoBa (3.2) BUKOHYETBCS HE Ul BCIX N, a TIOYMHAIOYU 3

nesikoro Homepa N.

1
Ipuxnao 1. Jlocniguty 301KHICTD PSIY Z( l)'”1

n=1

Po36’a3annsa. 3anuiemMo 3a1aHuH PAa B pO3TOPHYTOMY BUTIISII

1—1+£—i+ (-t = ! e
4 9 16 n’

Maemo 3HaKOmEepeMDKHHHA psn. 3acTocoByeMo o3Haky JleiOHima.

[epeBipsiemo BukoHaHHs yMOB (3.2) 1 (3.3):

1>—>1>i>-~-; lim u, = lim —=0.
4 9 16 n—>0 n~)oon2

OOuaBi yMOBU BUKOHYIOTBCA. Psay 30iraerscs.
PosrnsineMo snaxozminmi psin
Uy + Uy +Uzg U, o, (3.4)

TOOTO s, KA MICTHTh SK JOMATHI, Tak 1 BiJ’€MHI WICHH, NMPUIOMY
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JIEKIJIbKa TIOCTiIOBHUX WICHIB Py MOXYTh MaTH OAWH 3HaK. OueBHIHO,
110 3HAKOTIEPEMIDKHHIA PSIJl € YACTHHHUM BHUITAJIKOM 3HAKO3MiHHOTO.

Jamo TOHATTS ymoeHoi Ta  abcomomnoi  301KHOCTI  JUIS
3HAaKO3MIHHOTO psixy. Pasom 3 psmom (3.4) po3mistHEMO DS, SIKHH
CKJIQJICHUH 13 a0COMIOTHUX BEIMYUH HOro WIEHIB, a came

g [+ g [+ g |+, [+ (3.5)

3Hako3MiHHUH psf (3.4) HA3MBAETHCS AOCOMOMHO 30INHCHUM, SIKIIIO
30iraetbes psax (3.5), AKWiM CKIaJeHWHA i3 aOCONIOTHHX BEIWYMH HOTO
wieHiB. Psg (3.4) Ha3uBa€eThCS yMO6HO 30idiCHUM, SKIIO BiH caM 30iraeThcs,
a psan (3.4), CKIazeHu# i3 aOCOMOTHUX BEJIMYHMH MO0 YICHIB, PO30IraeThes.

MorkHa mokaszaTd, 1o i3 30DKHOCTI paay(3.5) BUILIMBaAE 301KHICTh
pany (3.4), a i3 po36ixkHOCTI psiay (3.4) BunmuBae po30ikHIcTh psay (3.5).

[Ipuxaao 2. Jlocmiguty Ha aOCOMIOTHY Ta YMOBHY 30DKHICTB psiu

= s h+1 = il 3 +2
a) > (-1 *15—n; 6) > (- *1n2—.

n=1 n=1 +4

, 2 n+1 .
Poszé’asanna. a) PosrnsgHeMoO CcHOYaTKy s z—n , SKUH
n=1

CKJIJICHHH 13 aOCONIOTHUX BENMYMH WICHIB 3aJaHOTrO psiiy. 3aCTOCYEMO

o3Haky Jlanambepa:

fim 24— i n+2 n+l — bm (n+2)-5 — lm n+2 =1
n>05" (n4+1) n>e5(n+l) 5

5}’H~l : 5}1 =

n—x0 u}’l n—0

Pan 301ra€eThCs. Otxe, 3a1aHuA 3HAKO3MIHHHUH (TouHiIITe
3HAKONEPEMIXKHUH) psil 30iraeThcs aOCOTIOTHO.
31+ 2 . _
0) PosrmsHeMo crmowyaTtKy psi ZZ—, SKAA CKITAJICHAN 13
n=11 +4

a0CONIOTHUX BEIIMYMH YICHIB 33JaHOTO PALY. 3aCTOCYEMO IIPYTY O3HAKY

© I'ynyn B.1., Sxumenko C.M. 17



0
TOpiBHSHHA. J[J1s1 TOpIBHSHHS Bi3bMEMO TapMOHIMHHN DS Z—, SIKMH
n
n=1

po30biraerscs. Maemo:

2
mﬁzm(3n+2;lj=mwz3_

n—oY, - 1o n2+4 n n—0 n2+4

3+ 2 . . N
Psin Z > posbiraetbes. OTxe, 3aJaHUi 3HAKO3MIHHHE DSl MOXKe
n=11 +4
30iraTucst TiJIbKM YMOBHO. 3aCTOCYEMO JI0 HHOro 03HaKy JleiOHina (MaeMo
3HAKOIIEPEMIKHHH psi):
5 8 11 14 . 3n+2
p— DR llm =

Z==>T > > 0.
5 8 13 20 nﬁoon2+4

Psin 36iraerbes. Omxe, 3aaHiid 3HAKO3MIHHUI PsiJi 30ira€Thesi YMOBHO.

Po3ain 2. Crenenesi psajaun
§ 2.1. MouATTA PYHKUIOHATBLHOrO PSALY
Pan
w () +uy(x)+--+u, (X)+--, (1.2)
YJIEHAMU SIKOTO € (DYHKINT BiJl X , HA3UBAETHCSA (DYHKYIOHANLHUM.

[lpu neBHOoMy (ikcoBaHOMY 3HaueHHI X (YHKIIOHAJIBHUA P
MIEPETBOPIOETBCS B YHCIIOBHH, SKUM MOXKe 30iratucs abo posbiraTwucs.
CyKymHICTh 3HAYeHb X, AN SAKUX QYHKOI 4y (X),uy(X), -, u,(x), -+
Bm3HaueHi 1 pan (1) 30iraeTbcs, HA3UBAETBCS obaacmioo  30idcHOCI
¢yHKIIOHATBHOTO pAxy. Tak sk B o0macti 30DKHOCTI cymMa POy €
¢yHKIi€r0 Big x , TO OyauMo mo3HadaTH ii uepe3 s(x).

Ipuxnao 1. 3Haiitn o6macTh 301KHOCTI Ta CyMy (YHKIIOHAITEHOTO

pany

© I'ynyn B.1., Sxumenko C.M. 18



T+x+x2+4x" 4o

Po36’sizannn. Jlaanit psn npencrarise coOO0 CyMy HECKIHYEHOT

reOMETPUYHOI Iporpecii 31 3HAMEHHUKOM ¢ =X 1 IepIIUM WieHOM b =1.
Horo wienamu € creneresi ¢yukuii x”. Sk Bizomo, el psy1 36iraeThes
npH | x|<1, TobTo obnactio foro 36ixkHOCTI € mpoMbkok (—11). Cyma psany

BH3HAYAEThCS SK CyMa HECKIHYEHOI T€OMETPHYHOI Tporpecii, a came

s(x)=Y(1-x).

§ 2.2. CreneHeBi psiiu. IHTepBa 30i2KHOCTI CTENEHEBOT0 PsIIy

Psan Buny
0
ag +alx+a2x2+---+anx”+~--:Zanx" (2.2)
n=0

Ha3UBAETbCSA CMeneHesum psaoom, a AIHCHI 4ucna  dg,dp, -,d

st

Koe(illieHTaMH CTEeHEeBOro psiay. Psi OLIbII 3arainbHOroO BUAY
o0
ag+ay(x—a)+ay(x—a)? +---+a,(x—a)" +--~:Zan(x—a)" (2.2)
n=0

TAaKOX Ha3UBAETHCSA CTCIICHCBUM.

Teopema Abena. SIxkmo creneneBuil psax (2.1) 36iraeTbes Ipu x = X,
(xg#0), To BiH 30iraerbcsi, MpUUOMy aOCONIOTHO, IS BCIX X, WIO
3aJI0BOJILHAIOTE YMOBY | X |<| Xy | ; AKIIO psax (2.1) po30iraeTscs mpu X = Xy,
TO BiH po30iraerbes U1 BCIX X , IO 330BOJBHSIIOTH YMOBY | X [>] Xy |.

Teopema AOens Mae BaKJIMBE 3HAUCHHS B TEOPil CTETICHEBUX PSIIB.
3 1mi€i TeopeMH BHILIMBA€E, IO UIS OyIb-SIKOTO CTemeHeBoro psmy (2.1)

icHye inmepean 30idcnocmi, TOOTO iHTEpBAN (—R;R), ycepenuHi SKOro psm

abcomoTHO 30iraeTbcs 1 3a MEXaMH SIKOro psAn po3diraerscsa. JlomaTHe
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yucino R Ha3WMBAETHCS padiycom 30ixcHocmi cTenieHeBoro psity. Ha kiHmsx
iHTEepBaly, B TOUYkax x=R 1 x=—R, muraHas mpo 30ikHICTE abo
PO30IKHICTE JAHOTO PSTY BUPILIYETHCSI OKPEMO ISl KOXKHOTO KOHKPETHOT'O
pany. SIkmo R =400, TO iHTEepBaJIOM 301KHOCTI € ycsl 4HCIioBa TmpsiMa. Y
Bunanky, komu R =0, creneneBuit psn (2.1) 30iraerbcst jauiie B TOYII
x=0.

Hust psimy (2.2) inTepBanom 30kHOCTI € iHTepBal (a—R;a+ R) .

3 Merow BH3HAYEHHs pajiyca 30DKHOCTI R pO3INISIHEMO DA,
CKJIaJICHUH i3 aOCONIOTHUX BENWYUH 4WieHiB psiay (2.1):

|ag | +| ax |+ agx® |+ ] a,x" [+ (2.3)

3acTocyeMo 10 3HaKOI0aTHROTO psiay (2.3) o3Haky damambepa:

n+l
.u . a,. X a
lim n+1:hm‘n+1 |—1]Il’1 |n+1||x| —|X‘]11’Il 1.

n—o U, n—0 |anx"| n-o |a, | n—x a,

Psy 36iraeTnest, SIKIIO

|x|hm A1 |x|< lim

I’l Nn—>0| an+l

Omxe, paniyc 301KHOCTI cTereHeBoro psay (2.1) Moxxe OyTu 3HaiieHuit 3a

¢dbopmynoro

R=lim

=% an+l

2.4)

3acrocyBaBmm a0 psaay (2.3) panukaneHy 03HaKy Ko, oTpumyemo:

R=lim !

n—» n” an ‘ '

Ipuxnao 1. 3mHaiith oOmacTh 30DKHOCTI CTENEHEBHX DAiB

a) Z( 1)”*1 5 6 Z["” j B) Z—(x 3)" .

(2.5)
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Po36’s3anns. a) 3HatineMo pajiyc 30ikHOCTI 3a popmyoro (2.4):

n n+l n
thm(5 5 ]_hms (n+2) . n+2 1

n+l n+2 _n—>oo(n+1).5"+1 >0 5(n+1) 5

Nn—>0|
OTmxe, psiz abCOMOTHO 36iraeThes Ha mpoMixky (—1/5;1/5).
HocnimxyeMo 30DKHICTH psIy Ha KIHISX IHTepBasly 301KHOCTI,
T00TO B Toukax x==11/5. IIpu x=-1/5 orpumyemo:

0 5n 1 n 0 1 e} l
-1 n+l = —_ -1 2n+1 —_
nZ:;( ) n+l( 5} nZ:;( ) n+1l

—n+l

| .
Ho pany z— 3aCTOCOBYEMO JIpYTY O3HaKy MOpiBHAHHA. Jlis
n=1

0
. . . 1 .
IIOP1BHSAHHS BI3bMEMO I'ApPMOHIMHUHN s Z—, KU po3oiraeThes. Tak sk
n=1

&1
lim (i : lj =1, 1O DpAn z —— posbiraeteca. OTxe, 3amaHuii
n—o\ n+1 n on+l

crenenesuit psa B Touli x =—1/5 pos6iraerbes.

Ilpu x=1/5 maemo:

0 5;1 1 n 0 1
_l n+l_ - — _l }’l+l_ .

;( ) n+1(5] WZ:;( ) n+1

3acTOCOBYEMO 0 OTPUMAHOT0 3HAKOIIEPEMIXKHOTO PsAy o3HaKY JlenOHmIIs:

1>1>l>...; lim 1
2 3 4 n—opn+1

=0.

o0
1 .
Pan Z(—l)’”lm 30iraeTbcst (yMOBHO). 3a/laHUii CTENEHEBUU psa B
n=1

TOYII x:1/5 30iraeTecst 1 00MAcTIO HWOro 30DKHOCTI € TiBiHTEpBAal

(-1/5Y5].
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0) Buznawaemo pamiyc 30i>kHOCTI 32 Gpopmyroro (2.5):

OTxe, IHTEpBAIOM 301KHOCTI 3aJJaHOTO CTEIIEHEBOT'O PANY € YCS YUCIIOBA
npsiMa.
B) Maemo creneneBuii psig Buay (2.2), y skomy a =3. IHTepBasiom

30KHOCTI JUIS Takoro psAy € NpoMiKoK (a—R;a+ R). 3actocoByemo

bopmyny (2.4):
2 2 2 ontl 2
R = lim ”—:—(’”11) ~lim 2 > = lim 2”2=2.
n—o| 2" 2"+ n—w " (n +l) n—o (}’l+1)

3ananuii creneHeBui ps aOCOMIOTHO 30iraeThes Ha nmpoMikky (1 5). Tlpu

0
2 o .
x=5 ogxepxyemo pan Zn , SIKMA po30iraeTbcs (HE BUKOHYETHCH
n=1

0
HeoOxiHa yMoBa 30ikHOCTI). Skimo x =1, To oTpuMyeMoO psif Z:(—l)”n2 ,
n=1

JUISL SIKOTO TaKOX HE BHUKOHYEThCS HEOOXiJHA yMOBa 301)KHOCTi, TOOTO BiH
po36iraetbest. Omxe, 00MacTI0O 30DKHOCTI 3aIlaHOTO CTEMEHEBOTO PSAY €
npomixkok (1;5) .

IaTepBam  301KHOCTI  CTEIIEHEBOrO pSAAY MOXHA BH3HAYATH,
3acTOoCyBaBIIM Oe3mocepennbo o3Haky Jamambepa abo o3maky Komri mo
pARy, CKJIaIeHOMY i3 aOCONOTHIX BEIMYHH WICHIB BUX1THOTO PSITY.

0 2n

Ipuxnao 2. 3uaiitu 001acTh 361KHOCTI PSLY Z:(—l)”+1 xz—?’n .

n=1 n

xZn

n?3"

0
Pose’azanna. 3actocyemo o3Haky Mamambepa 1o psmy Z
=
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SIKWA CKJIQJCHWA 13 aOCONMIOTHMX BEIWYMH WICHIB 3aJaHOTO  PSIy
(BpaxoBaHoO, IO x>0 pu OyIb-SIKOMY X ):

x2(n+1) x2n ) x2n+2 '}’123” xZ ) }’12 xZ

N—>0 (n+1)23n+1 : n23}’l N—>00 (n+1)23n+1.x2n 3 N—>00 (n+1)2 3 !
Psin 30iraerscs, koo x /3<1, 3BiAKM | x|<+/3. Jocmimkyemo 301xKHICTD
3aJIaHOTO PAAY Ha KIiHIAX IHTEPBATY (—\/§;\/§). B 000x Toukax x:i\/§

< 1 . - 1 .
OIIEPXKYEMO DI Z(—l)”*l— Ockinbku psin Z_z 30iraeTbes K psn
n n=1 N

= -
n=1
Hipixne 3a p=2>1, T0 paa Z(—l)'” — 30iraethcst abcomotHo. OTKeE,
n=1 n

00J1aCTIO 301KHOCTI 331aHOT'0 CTETICHEBOI'0 PSAY € BIIPi30K [—\/5 ; J3 1.

§ 2.3. IucepenuiroBanHs Ta iHTErpyBaHHS CTENEHEBUX PAIiB
Hexaii gynkuis f(x) € cyMOIO CTENIEHEBOTO pALY

F(X)=ag +ax+ax® ++a,x" +---, (3.1)
iHTepBaJIoM 301KHOCTI SKOr0 € IPOMIXKOK (—R; R). MoxHa moka3ary, 10
¢Gyukuist f(x) mudepenuiiioBana Ha (—R; R) 1 il moxigHa f'(x) moxe

OyTH 3HalieHa IowWIeHHUM JudepentiiroBanam psay (3.1), To6to
f'(xX)=ay +2a,x+-+na,x" " +---. (3.2)
IarepBanom 36DKHOCTI pany (3.2) Takox € mpoMikok (—R; R). Ckasane

3QIIUIIAETHCS CIIPABEITMBHM 1 IS TIOX1JHAX BUIIUX MOPSIIKIB.

MoxHa TakoX TMOKas3atu, mo ¢yHKOis f(x) IiHTerpoBaHa Ha
(=R;R) i imTerpanm Big Hei Moxe OyTH 3HAUNEHWHA IMOWICHHIM

iHTerpyBanuaM psny (3.1), Tobro sxmo x;,x, € (=R, R), T0
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Taodx+ ]galxdx+ Tazxzdx+ et Tanx"dx—i- o (33)

X

xff(x)dx=

X X X

VY Bunazky, Konu iHterpan oeperscs no Biapisky [0, x], x € (—R, R) , MaeMo
T ax’  ax’ a,x"

jf(x)dx=a0x+ L S (3.4)

5 2 3 n+1

Psin (3.4) mae Toii e iHTepBan 36ixHOCTI, 110 1 psif (3.1).

Ipuxnao 3. 3HaliTu cymy psiy
x2 x® x"
f)=x+—+—++—+---.
2 3 n
Po36’a3anns. Po3rinsiHEMO CIIoYaTKy psill, KU MPeACTaBIsie cOO00
CyMy WICHIB HECKIHUEHHOI reoMeTpuyHOI mporpecii (qus. § 2.1, npuki. 1):
1 .
=l xAxP X T
1-x

InrepBasiom 30DbKHOCTI 1bOro psiay € mnpomikok (—L1). 3inTerpyemo

ocranHi# psn o Biapizky [0, x], xe (-1 1) :

Tl P x"
——dx=x+—+—F ot
01—x 2 3 n

=-In |1—x||; zlni, OTPUMYEMO

X
BpaxoByrouu, 110 J.ﬂ =
5 1-x

1 P x"
In—=x+—+—+-+—+---.

1-x 2 3 n
Bigmitumo, mio mpomikok (—11) Takox € iHTepBanoM 301KHOCTI I[HOTO
pany.

§ 2.4. Po3kuiaa pyHKIii B cTemeHeBi psiau
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Haragaemo crnouatky Qopmyny Teitnopa. Hexait dynxuis f(x)
audepenniioana n+1 pa3 B iHTepBani |x—a|<R. Tomi B nbOMY
iHTepBai GyHKUiA f(x)MOXKe OyTH Ipe/ICTaBlICHa Y BUIIIAAL
L@ (s LD g

S =f@+——(x-a)+

(n)
+f—'(a)(x—a)" +R,(x), (4.1)
n!

£ Pla+0(x—a)]
(n+1)!

ne R, (x)= (x—a)"*,0<0<1.

®opmyna (4.1) HasuBaetbes gopmynoro Teiinopa, a ¢byHkuis R, (x) —
sanumurosum uneHom popmyiu Teitnopa.

[Ipu a =0 orpumaemo hopmyrny Maxkmopena:

f(O) WACIE f(”)() K

J ) =f0)+—— o

+R,(x), (4.2)

(n+1)
ne R (x)zwx”+l,0<6<l.
" (n+1)!

[punmyctumo Tenep, mo B iHTepBami |x—al|<R ¢yHKIA f(x)

HEeCKiHYeHHO JudepeHIiiioBaHa 1 BAKOHYETbCS YMOBa

lim R,(x)=0. (4.3)

[epeiitoBmu 1o rpanuii B ¢Gopmyni (4.1) mpu n—> o, OTPpUMYyEMO

poskmananas Gynkuii f(x) B psn Teitnopa:

" (n)
f(x)= f(a)+f( )( a)+ fz('a)(x—a)z+...+%(x—a)"+...(4.4)

MoxHa TOKa3aTH, M0 MPH BUKOHAHHI YMOBH (4.3) psim mpaBoi 4acTHHU
¢dopmynu (4.4) 30iraeTscest 1 Horo cymoro € QyHKmisS f(x) .

IIpn a =0 orpumaemo psix MakiopeHa:
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f@)= f(0)+f(°) &x2+~-+&fo)x"+~-. (4.5)
n.

2!

Ilpuxnao 1. Po3knactu B creneHneBuil psaj GyHkmioo f(x)=sinx.

Pose’sazanns. 3uavimemo mnoximmi: f'(x)=cosx, f"(x)=-sinx,
f"(x)=—cosx, fP(x)=sinx, [Ox)=cosx,--. Ipu x=0
otpumyemo:  f(0)=0, f(0)=1 f"(0)=0, ["0)=-1 f?(©0)=0,

f © (x)=1,---. 3anmrcyemo psin MakiopeHa:

PR g x2nt
X——t =t (=) =
3 5 (2n —1)'
3 MeToro BHU3HAYEHHS IHTEpPBAJTY 301KHOCTI 3aCTOCYEMO O3HaKy
0 | X |2n—1
Hanam6epa 10 psiay Z 2D’ SIKMH CKJIAJICHUH 13 a0CONFOTHUX BEITHYUH
n—1)!
n=1

YJIEHIB 3a[aHOTO Py

N S B
n»oo @n+Dt|x 2" oo 2n(2n+1)

Tak sIK OCTaHHS TPaHULLI PiBHA HYIIO MPU OyAb-SKOMY X , TO 3aIllMCAHUI
CTETIeHEBUH psij| 30iraeThest aOCOMOTHO Ha BCIH YUCIIOBIH MPAMIH.

INokaxemo, 110 IS 3aJIUIIKOBOIO 4ieHy R, (X) BUKOHYETHCS yMOBa

(4.3). Bpaxosyrouwn, 1o |sin0x <1 i |cosOx <1, orpumyemo:

1 1
‘f(n+)(ex)| |x|n+l< lim |x|n+

o R 1= i ) o (n+1)!

Orxe, lim |R,(x)|=0 1 lim R,(x)=0 npu Oynp-akomy x . Tak six ymoBa
n—»0 n—»0

(4.3) BuKOHYyeTBCA, TO (PYHKIIS SINX € CyMOIO MOOY/IOBAaHOTO CTEHEHEBOTO

pAmy, TOOTO MOXKEMO 3aIHCATH
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3 5 2n-1

sinx=x— "t (<) 4 —co<x<4w. (4.6)
3 s @n-1!

Ilpuxnao 2. Po3kiactu B crenieHeBui psj QyHKIi0 f(x)=cosx.

Po36’s3anns. 3mudepeHnitoBaBIy po3kiagaHss (4.6), onepxKyeMo:

2 4 2n
cosx=l- 4+ ()t —w<x<tw. (A7)
2 4 n)

AHaNoOriyHO IOINEpeIHhOMY MOXKHA OTPHMAaTH pPO3BUHEHHS B
CTETICHEBI PAIM ACSKUX 1HIIUX eIeMEHTapHUX (DYHKITIH:
. 2 X3 X"
e =l+x+—+—+-+—+-,—00<X<+0, (4.8)
2 3 n!
2 3 n
x° x 1 X
]n(1+x)=x—?+?—-~-+(—l 24 —1<x<1, (49
n

3 5 2n-1

x° X 40X
arctgx=x——+-——---+ 4. —-1<x<1, (4.10
g 35 -1 @ D) (4.10)
(1+x)"’:1+ﬂx+m(m_1)x2+m(m_1)(m_2)x3+---+
1 2! 3

m(m—-1)---(m—n+1
+ ( ) '( )x"+ -l<x<l1. (4.11)
n!
HaBemeni Bumie ¢opMyian MOXYTh BHKOPHCTOBYBATHCS —JUIS
PO3KIIaJIaHHS B CTETICHEB] PSAU 1HIIHMX (QYHKILIH.
Ipuxinao 3. Po3knacty B creneHeBuil psi QyHKIT:

1+x

a) f(x)= ln— 0) f(x)= cos?x.

Pose’azanna. a) 3actocoByeMo ¢opmyny (4.9). 3amiHMBIM X Ha

—X , OTPUMYEMO

© I'ynyn B.1., Sxumenko C.M. 27



Binnimaemo Bin (4.9) ocranHIO piBHICTS 1 1icTaeMo

3 5 2n-1
]nl—'__xzz x+x_+x_+...+
1-x 3 5 2n-1

+--- |, —1l<x<1. (4.12)

6) BukopucroByroun dQopmyry (4.7), a TakoX BigoMmy

1
TPUTOHOMETPHYHY (POPMYITY cos? x = E(1+ c0S2x), OJIEPKYEMO

2 4 2n
C()Szle 1+1_@+@_...+(_1)"Qx—)+
2 2 4 (2n)!
3 2n-1
=1—£x2+2—x4—---+(—1)"2 x4 —0< X <400
2! 4 (2n)!

Po3ain 3. 3acTocyBaHHsI cTeneHeBUX PsiIiB
§ 3.1. BacTocyBaHHS CTeNEHEBUX PS/IiB 10 HAGIMIKEHUX 00YHCIEHD

3a nonomoror poskianaHHs (YHKIIT B CTENICHEBUIl psiji MOXHA
HaOMWKEHO OOYMCIAMTH i1 3HAYEHHS 13 3aJaHOI0 TOYHICTIO. [ mBOro
Oynumo  BukopucToByBaTH  Gopmynn  (4.6)-(4.12)  momepenHbOro
naparpada. IIpum 3acrocyBanHi BkazaHux (GOpPMYNIT CTEHNCHEBHH Ppsif
3aMIHIOETBCS 1 -0 YACTMHHOI Cymoro. Yucimo wieHiB »n  wiei cymu
3aJIeKUTh BiX 3aJaHOl MOXUOKH, sIKa, B CBOIO YEPry, BU3HAYAETHCA CYMOIO
BimkuHyTOrO psAmy. HaiOinpmm 3pydHOIO € CHTyallis, KOIW IS JaHOTO
3HAUeHHd X OTPHUMYEMO 3HAKONEPEMDKHUH psAx, SKUH 3aI0BOJBHSE
ymoBaM Teopemu JlerOHina. Y 1pOMy BHIIAAKY a0CONIOTHA BEIMYMHA CYMU
BIIKMHYTOTO psAy HE TMepeOUTbIrye aOCOMIOTHOI BENHYMHU IEPIIOro

BiIKHHYTOT'O YJICHA.

Ipuxnao 1. O6umcnuty 3 Tounictio q0 0,001: a) sin20°; 6) 1/ \/; ,

B) 3/68.
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Pose’sizanns. a) 3actocoByeMo dopmyny (4.6). Tloknasmm x = 1t/9

(TIlepeBOMMO TpaycH B pajiiaHu), OTPEMYEMO

T ﬂ3 TCS

LT
Sin—=————+————-.
9 9 9°.31 9°.5
Maemo 3HaKOMepEeMi>KHHUI PSJ, IS SIKOTO BUKOHYIOTBCS YMOBH TEOPEMH

5

U T

Jleit6Oninma. Tak sk %5 ~0,000043 < 0,001, To MOCTaTHLO 3aJTUIIUTH JBA
.5
ot o

YJIeHa psay, TOOTO Sin— ~ — — =~ 0,342 .
9 9 9°.3

6) Buxopuctoyemo Qopmyny (4.8). Ockinbku 1/ e=e5, 10

oepemo x =-0,5. Maemo:

05* 05° N 05'
I T

Just orpuMaHoro psigy ymoBu Teopemu JleitOHia BUKOHYIOThCs. Tak sk

0,5%/41>0,001, a 0,5°/51~0,00026< 0,001, T0

e =1-05+

e 90 ~1- 0,5+

2 3 4
05* 05° 05" e
E TR

B) [IpencraBUMO ILIyKaHUit KOPIHb Y BUTIISII:

368 =3/64 + 4 =3[64(1+4/64) = 43[(1+1/16) = 4(1+1/16)"° .
3acrocoByemo dopmyny (4.11) npu x=1/16, m=1/3 :

38 — 41+ Y3 W3-(=23) W3-(=23-(=53 , |_
116 21162 3-16°

5
=41+————+ —ee
( 48 2304 331776 )

MaeMoO 3HAKOMEPEeMDKHUHA DS, SKHHA 33J0BOJBHIE YMOBaM TEOPEMHU

Jleit6nina. BpaxoByroun, mo 4-5/331776 <0,001, zanumaemo B JyKKax
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JIUIIIE TP TOJJAHKH 1 OJIEPKYEMO 368 ~ 4,082.

®opmyna (4.9) mo3Boisie OOYHCITIOBATH HATYpalibHI Jorapudmu
Ina 3a ymoBH, mo 0<a<2. binbin epexruBHoIO € Popmyna (4.12). 3a ii
JIOTIOMOTOF0 MOXKHA OOYHCITIOBATH JorapudMu  Oyab-sIKOrO JOIaTHOTO
gqucna a (saxmo —1<x <1, 10 0<a<oo). BusHaunmo x uepes a :

l+—x=a, x:a—_l. 1.1)
1-x a+l

OueBHIHO, MO AT BCIX MOXIIMBUX X psn (4.12) € 3HaKOCTaINM.
OriHuMO aOCONIOTHY BEJIMYUHY ITOXHOKH, SKa BHHUKAE TPU BiIKUIAHHI
BCIX WIEHIB pafdy micis n-ro. BukopucroByoun GpopMyny A CyMH YiEHIB

HECKIHUEHHOT T€OMETPUYHOI IPOrpecii, Maemo:

<2 ‘x|2n+l |x|2n+3 |x|2n+5 ‘x|2n+l |x|2n+3
p, < + + +o <) —t+—F

2n+l  2n+3 2n+5 2n+1  2n+1
2n+5 2n+l 2n+l
L :2L(1+x2+x4+...):2|L.L_
2n+1 2n+1 2n+1 1-x?
TakuM YMHOM OTPUMAITU HACTYITHY OLIIHKY
2n+1
) 2| x] ~1<x<l. (1.2)

@Cn+1)1-x%)’
BigmiTumo, 1110 miAXij, 3a ZOMOMOTOI0 SKOr0 Oyia OTpHUMaHa OIiHKa
(1.2), 3aCTOCOBYETBCS 1 TS IHIIHX PSIIIB.
IHpuxnao 2. O6uncnutu In 3 3 Tounictio o 0,001.
Pos6 ’szanns. Bukopucroyroun (1.1) i (1.2), orpumyemo:

9
311 22 1

_3-1.1 - 0,001 .
T 2 P9 a—va) 1728

3acrocoByroun Gopmymy (4.12), 3amumaemMo 9OTHPH TONAHKA:
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1,1 1 1
2 3.2°2 5.25 7.27

n3~ 2( Jz],098.

§ 3.2. HaOum:keHi 004uMcIeHHS] BH3HAYEHHX iHTErpatiB
Sk BimoMo, mepBicHI [uist JeskuX (QyHKIIH He BHpa)KaroThCsS uepes3
eneMeHTapHi QyHkIii. OOYNCIICHHS BiIMOBITHUX BU3HAYCHUX IHTECIPAIB 3a
noroMororo Gopmymu Hetorona-JlelOHins HemoxuBe. BkaszaHi iHTerpanu
iHOMI 3PYYHO OOYMCIIOBATH 3a JONOMOIOI pSIiB. Po3risHemMo maHui
ITiJIX1]] HA KOHKPETHUX MPUKIIaIaXx.

[Ipuxnao 1. O6uurcnuTH BU3HAa4YeHI iHTerpanu 3 TounHictio 1o 0,001:

)Jsmxdx 6) j

, .. .. sinx .
Po36’a3anns. a) BinMiTiMO, 1110 HEBU3HAYEH] iHTErpain J—dx 1
X

2 .
J. e ' dx He BHUpaXalOTbCI depe3 enemeHTapHi QyHkuii. Po3kiaBim

(GYHKLIIO Sinx B CTENICHEBUH PsJl, MO)KEMO 3aIIMCATH:

sinx 1 ¥ X ¥ ¥t X8

x X 3 5 7 3 5 7

[HTErpyrouu ocTaHHIHN PsiI MOWIEHHO, OJEPKUMO

1 . 1 2 4 6 3 5 7
J.Sln_xd J.l__ x__x_+... dx = x_x_+x__x_+... =
b ox AUERE 3.3 5.5 7.7
o1
~ 7 18 600 35280

3a teopemoro JleiiOHina mys 3a0e3nedeHHs MOTPiOHOI TOYHOCTI TOCTATHBO

1.
3aJMIIATH TpU JoaaHku. OTxe, J SIY e r1- % + L ~ 0,946 .
X 600
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6) BpaxoByroun, mo

2 3 4
e =l+x+"—+"—+"—+--,
2 3 4
MOXKEMO 3aIUCcaTh
4 6 8
P B S M S
203 4
3iHTerpyBaBIIH MOWICHHO 1 3aCTOCYBABIIK TeopeMy JICHOHI1[a, OTPUMYEMO:
0,5 0,5 4 6 3 5 7 0,5
J‘e_xzdxzj 1_x2+x__x_+... dx= _x_+x__x_+... =
5 203 3 520 7.3
S vttt o
2 24 320 5376 2 24 320

§ 3.3. BacTocyBaHHsI CTeNeHEBUX PSIIiB 10 PO3B’A3yBaHHSA
nugepeHniaTbHUX PiBHAHD
OnmuH 3 HaOJMMKEHUX METOMAIB PO3B’s3yBaHHS AW(EpEeHIIaTbHIX
piBHSAHB Ga3yeThCs HA TEOPii CTENeHeBHX psiiB. Moro cyTh momsrae y Tomy,
10 YACTUHHUHN PO3B’ 30K AH(epeHIIaTbHOrO PIBHSHHS MPECTABISETHCS Y
Burisini psay Teitnmopa. Cyma KiHIIEBOrO 4HCIa YICHIB LLOTO psiiy Oyne
HaOJIKEHO PIBHATHCS IIYKAaHOMY YaCTHHHOMY PO3B’SI3KY.
Posrnsremo, Hampuknax, gudepeHUianbHe PIBHSAHHS — JAPYroro
TIOPAZIKY
V'=F(x,y.)), 3.1
SKe 38JOBOJIbHSE IOYAaTKOBUM YMOBaM
¥(xg) =0, ¥'(X0) =10 (3.2)
[punycrtumo, 1o po3B’si30K y = y(X) ICHYE 1 MPEACTABISETHCS Yy BUTIISI

pany Teitnopa:
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y= y(xo>+y(l°)( ~x)+ y(")(x x0)2 4 (33)

KoegimieHTH = OCTaHHBOTO  CTENICHEBOI'O  psiiy  IOCIHIJOBHO
BH3HAYAIOTHCS 3a JOMOMOror piBHAHHS (3.1) 1 ymoB (3.2). [liticHo, 3pa3y
e MOKEMO 3aIHcaTh

¥(x0) =0, ¥'(%0) = Y0, ¥"(x0) = ¥o = F (X0 0. 0) -
3nudepenuiropaBmu piBHsIHHS (3.1), oTpUMyeEMO
V' =F (x5, 0+ FL (6 p, )Y + F(x,p, 0"
IligcraBUBILIM BiANOBIAHI 3HAYEHHS, JICTAEMO

Y'(x0) = F(x0, Y0, ¥0) + F7. (X0, Y0, Y0) V0 + Fy (X0, Y0, Y0) V0 -
[IponoBxyroUM BKa3aHy MpOLENypy, BU3HAYAEMO 1HIN KoedilieHTH.

st 3Ha4YeHb x, mpu sSKUx orpuManuil psin (3.3) 30iraerbcs, BiH €
po3B’si3koM piBHsiHHS (3.1).

Ipukniao 1. 3HaiiTH TpU IepIIMX BIAMIHHUX BiJ HyJs dieHa
PO3BHHEHHS B CTENEHEBUH DPsJ PO3B’S3KY OU(MEPEHIIaNbHOTO PiBHAHHA
y'=xy'+y,skmo y(0)=0,y'(0)=1.

Po36’sizanns. Hexaii mykany QyHKiio y = y(x) pO3KIaIeHO B Pl

MakiiopeHa:

VO SO YO,
2! 3l

y=y0)+

V  igmoeimHocti 3 ymosorwo  »(0)=0,'(0)=1 y"(0)=0-1+0=0.
Judepeniitowoyn 3a1aHe PiBHIHHS, OTPHUMYEMO:
Y=y o' +y'=2y"+x" y"(0)=2-1+0-0=2;
yP=2y" 4y 4 " =3y"+x", y?(0)=3-0+0-2=0;
(5)_

3"+ )"+ =4y"+ P, y®(0)=4.2+0-0=8.

[Tykanuii po3B’ 30K Ma€ BUTIIST

© I'ynyn B.1., Sxumenko C.M. 33



Po3nin 4. Paqu dyp’e
8§ 4.1. Paau ®@yp’e. Poskaan ¢pyukuii B pag @yp’e
Hexaii f(x) — nepioguuna ¢yHkuig 3 nepionom 7' =2/. Skmo Ha
Biapi3ky [—/,/] dyHkuis f(x) iHTerposaHa, To Padom @yp’ec uiei GpyHkuii

HAa3MBA€THCS TPUTOHOMETPHYHUM psift

ay  ~ nmx . nTX
—+ —+b,sin— |, 1.1
> ;(ancos 7 , Sin 7 ] (1.2)
Koe(II[IEHTH SKOr0 BU3HAYAIOThCS 32 (hopmynamu
!
1
a =;jf(x)dx, (1.2)
-l
!
a, =% j f(x)cos?dx (n=123,), (1.3)
-
1
b, = % j f(x)sin%dx (n=123,). (1.4)
-l

Koediuientn ay,a,,,b, (n=12,3,--) Ha3uBatoThCs Koeiyicnmamu Pyp c.
Teopema npo 30iscnicms psady @yp’e. Skuo nepioguyHa QYHKITS
f(x) 3 mepiogom 2/ iii moximua f'(x) HemepepBHi Ha Binpisky [—I,/] abo
K MAalOTh Ha HbOMY KIHIIEBE YHCIIO TOYOK PO3PHUBY 1-TO pomy, TO psx
®Oyp’e, moOynoBaHuil g wmiei QyHKII, 30iraeTbess B ycix Toukax. Cyma
ONEp)KAaHOTO pAAY [OpiBHIOE 3HaueHHIO ¢yHKmI f(x) y TOoUKax
HerepepBHOCTI QyHKIIi. SIKIIO X X, — TOYKa pO3pHBY, TO Y Wi TOUILl cyma

Py JOPIBHIOE CEPEAHBOMY apu(METHIYHOMY TPaHUNb (HYHKIIT MpaBoOpyd i
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JiBOpYY, TOOTO

f(xO _O)Zf(xo +0) , (15)

1 fx=0)= lm _f(x). (o +0)= lim f(x).

Sf(xo)=

HpI/I BUKOHAHHI YMOB HaBeACHOL TCOPEMU MOKEMO 3aIlliCaTn

nmx

() =“?°+Z[an cos##—bn sinTJ . (1.6)
n=1

VY uacTuHHOMY BHIAJKy, konu ¢yHKUis f(x) Mae mepiog 7 =27,

psan @yp’e Ta iforo KoedilieHTH BU3HAYAIOTHCSI HACTYITHUM YHHOM:

a?o+g(an cosnx+b, sinnx), .7
1 Y
ag=— If(x)dx , (1.8)
n =T
a,= 1 If(x)cosnxdx (n=123--"), (1.9)
T
— j f()sinnxde (n=123,-). (1.10)
T

Ipuxnao 1. Posknactu B psan @yp’e nepionmuny ¢yHKuio f(x),
sIKa 3a/1aHa Ha OJHOMY IIepiozi:

f(x)z{lﬁnpﬂ—ZSxSO,

—xmpu0<x<2.

Pos36’a3anna. Moxemo no0ynyBaTu rpadik 3amaHoi ¢yHKii (puc. 1).
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YA
H H . 1’5 B H
6 4‘ o\ 2 4“ X
: 1o ; E
Puc.1

Bigmitumo, mo ¢yHKIiS f(x) 3aI0BOJBHSAE YMOBaM TEOPEMH IIPO
301KHICTb, TOMY ii MOXKHa po3KJacTH B psig Oyp’e.
VY Hamomy Bunaaky 2/ =4,/=2. Busnauaemo koedinientu Dyp’e

3a moromororo popmyi (1.2)-(1.4):

17 1 17
ap = EJ;f(x)dx = ELLde + E!(—x)dx =0,5;

:—If(x)cos—dx——j],Scos dx——jxcos ;cxd

0 0
jLScos@dx J,5—sin@ =0;
2 nm 2 |,
-2
2 u=x,dv=cos@dx
J- nmx 2 2x . nmx 2 nmnx
xcos—dx = 5 :—smT - sdex:
0 du:dx,v:—smnnx n o T
nm 2
SIS SR T
n2n? 2 | 22 n n2n2 >

=—jf( )sm—dx_—jj,s in dx——j sin 2 > ™ i,

3 nmx 0
ILSsm—dx =——C0S—]
2 nm 2

-2 a1y
nrt

-2
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. NTX
2 u=x,dv=sm7dx

. NTX 2x nTX 2
Ixsm—dx: ) =" cos—=| +
0 alu:a’x,v:——cosﬂ n 0

nm 2
2 2
+i cos@dx:—icosnrw%sin@ :—i(—l)";
nmy 2 nr ner 2 |y nr
b, = —i(l—(—l)”) +£(_1)" ZM .
2nm nmw 2nm

[Tpu oOumcnenHi iHTerpaiiB Oynyu BUKOPUCTaHI OYEBHIHI CITi BBIIHOIICHHSI:
sinnn=0, cosnt=(-1)" (n=123,--).

3amucyemo psa Oyp’e:

O PPN N GVl - O 153
f(x)—4+;(n2n2 A—(-D)")cos 5t sin j

Ha puc.2 300paxeni rpadiku 3aganoi ¢yHkuii f(x) (IyHKTHpHA
JHis) 1 9acTUHHOI cymH 3HaiineHoro psyny ®yp’e, ocraHHI 4YJICHH SKOI

Bignosigarote n=10 .

Puc.2

8 4.2. Psian ®@yp’e 1151 NAPHUX i HemapHUX QyHKIIA

Hexait ¢ynkmis f(x) iHTerpoBana Ha Bimpisky [—/,/]. Moxemo

3arnumucaTtn
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) 0 I
j F(x)dx = jf(x)dx+j F(x)dx.
—] _l 0

[epeTBOproEMO TepIIHiA iHTErpaj MpaBoi YaCTHHU 1 OTPUMYEMO:

x=—t,dx=—dt

0
d =
jlf(x)x x=—lt=1x=0,/=0

0 l l
‘ _— j f(~t)dt= j f(~t)dt = j F(=x)dx
! 0 0

) 1 1
j F(x)dx= j F=x)dx+ j f(x)dx . 2.1)
-1 0 0
Sxmo f(x) mapHa, T00T0 f(—x)= f(x), TOo Ha 0cHOBI (2.1) MaeMo
1 ] / / ! !
j F(x)dx= j F=x)dx + jf(x)dx = [ F(x)dx+ [ F(x)dx=2 [ Fx)dx. (2.2)
-1 0 0 0 0 0

VY Bunazky, konu f(x) Hemapsa, ToOTo f(—x)=—f(x), oTpuMyeMO

) / ) ! )
j F(x)dx= j F(=x)dx + j F(xX)dx=— j F(x)dx+ j f(x)dx=0. (2.3)
-1 0 0 0 0

Posrnsiremo tenep nepioanuny ¢yHkmiro f(x) 3 nepiomom 7' =2/,

sKa 1HTerpoBaHa Ha Biapi3ky [—/,/]. Hexail ¢ymkumis f(x) napra. Tomi
¢byukis  f (x)cos@ € TapHow (HOOYTOK JBOX MapHUX), a (YHKIis

f (x)sing € HemapHO  (moOyTOK mapHOi Ha  HEMapHy).

BukopucroBytoun ¢opmynu (1.2)-(1.4) nonepeanporo maparpada i
BpaxoByroun (2.2), (2.3), micraemo HacTymHI 3HA4eHHS U1 KoeimieHTiB

dyp’e:
l 1
ay =%j f(x)dx, a, =% j f(x)cos%dx, b, =0 (n=123), (2.4)
0 0

Otxe, psaa @yp’e st mapHUX QyHKIIH Mae BUTIISIT
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f(x):(%o—i-ian cos%. (2.5)

n=1
[HIMMU cioBaMu, mapHa (QYHKISI pO3KIIaJaeThesl 10 KOCHHYCaM.

AHaJoriuyHo nonepeaHboMy, KO0 f(x) HemapHa, TO OTPUMYEMO:
2 ¢ nmx
ay =0, a,=0, b, =7Jf(x)sm7dx (n=123,--); (2.6)
0

fx)= ib,, sm# . 2.7)
n=1

Sk Gaunmo, HerapHa QYHKIIS PO3KIIAIAETHCS 1O CUHYCAM.

IIpuxaao 1. Posknactu B pag Pyp’e nepiognuny ¢yHkuito f(x),
ska Mae nepiog 7'=2n 1 f(x)=x Ha Bigpi3Ky [—m,7].

Pos3e’azanns. Tlobynyemo rpadik 3amanoi pyHkiii (puc.3).

YA
/—271', é-n (0]
|

Puc.3
®ynk1ig HenapHa BiIpi3Kky [—m, 7] . 3acTrocoByemo dpopmynu (2.6), (2.7):

1Y

ag=0;a,=0; b, _2 xsinnxdx=—gcosnn =(—1)"+1g ;
U2 n n
. sin2x sin3x a1 SInnx
F0 =9 sinx- TS IS gyt B,
n

8§ 4.3. PosBunenHs B psig Pyp’e HenepioqnaHux QyHKIii

Sxmo HerepioguyHa (QyHKIIS BU3HAUEHA HA iHTEpBaNIi (—00,+00), TO
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il HEeMOXXJIIMBO po3KJIacTH B psii Pyp’e Ha BCii YMCHOBiH mpsiMi. SIKmo x
HenepionuuHa ¢yHKIis f(x) 3aJaHa Ha KiHneBoMy Biapi3ky [0,/], To BoHa
Moxe Oyru posBuHeHa B psix Pyp’e. [y mpOro IOCTaTHHO JOBLIBHO
JOBU3HA4YMTH 11 Ha miBiHTepBadi [—/,0), a moTiM po3kiact B psax Pyp’e,
BBaXKarouM 1 mepioguyHor0 ¢yHKIieo 3 mepiomom 7 =2/ . Haiikpamie
¢byHKLiI0 f(x) AOBU3HAYATH Tak, 1100 BOHA Oyia mapHO abo HemapHOo
Ha Binpisky [—/,/]. Y nepmomy Bumanky (QyHKIiS PO3KIANaeThes I10
KOCHHYCaM, a y Jpyromy — 1o cuHycaM. Od4eBWaHO, 110 TOOYJIOBaHMI
TakuM 4uHOM psin Dyp’e Oyne BimoOpakaT 3aaaHy (QYHKIIIO TiJIbKH Ha
Biapisky [0,/].

IIpuxaao 1. Posknactu B pan @yp’e gynkuio f(x), ska 3agaHa HA
BiApisky [0;7], mpu4OMy Ha BKa3aHOMY BiIpi3Ky f(x)=x.

Po3sg’azanns. JJoBusHaunmo f(x) Tak, mo0 BoHa Oyna IapHOIO Ha

BiApi3Ky [—m, 7] 1 mepioguuHolo 3 nepiogoMm 7 =21 (puc.4).

YA
“’o' . N >
-21 -t O T 21 X
-7t
Puc.4

3acrocoByemo Gopmynu (2.4), (2.5) nonepeansoro naparpady:
n 2|7

b,=0; ag :gfxdx:gx— =T,

Ty T 2 0

a =ijcosnxdx=ixsinnx‘ +icosnx‘ =i2((—1)" -1,
n

n 2
T 0 n o Tn 0
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cosx cos3x N cosbx N cosnx

n 4
f(x)_E_E( 1 9 2
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BAPIAHTH IHJAUBIIYAJIbHUX 3ABJIAHB
NJISI CAMOCTIMHOI POBOTH

1. NocmimuTi Ha 301KHICTh YHCIIOBI PSIH:

2. 1) i_: 0) iL; B)z4nn:n2+3

3. )Zn +5, G)Ztg:z’ B)Z4: :gn
3"l "1

4.a)§ - 6);arcsm = B)nz_;‘n\/m'

5. a) gn?zl 6)§nlzn21; B)Z;?:;.

6.a)i51n!; 6);#; B) nw n+11)\/—'

n+n+1

7.a i I‘l 1)4n+l iﬁ )Z

n=1
o0

8.a 212—4 Zsm ;B)Z\/T
9. a i n+1, i

n=1 :1

1

o0 o0

10a)z 0 Z 10”; » 2 e+ 2) n+1)(n+2)

1 :1

o0

5"t Inn -
- a)z (-1 DR )ZSn 4(6n 5)’

n=2 n n:l
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19.

20.

21.

22.

23.

24,

e 1 L
12. a) Z;‘ 2n“JTn!; 6) Zsm Ln; Z

® n n+3

n= n=1 n
14. a i i . i
n=1 n=1 4 1
0 0 1 o0
15.a
Z:l' ;n 3n 1 Z( )2
0 n3 © ©
16. a) nz_;‘(n+1)l' 6) Z znﬂ 21
2 0 )" 2 n?+1
17. a) ;nz[arcsm nJ , 6) Zn T lem
® |S|n n- a|

18. a) Z, Z )Z”+1

2. In(n+1)
a)Zl )Z(n+1) )23\/n2+n+1

a) iz—: 6) Z[l cos j; B)Z
a)z_; 6)Zlnn_ )Zn+3

n+2

0

a)Ze nt’ )Zln(

n=1

n+1)
)Z(n+l)(n+2) 6)Zn\/_ )Z 3

n—1 = N +n’

3n(n) 0
)Z @)’ Z| Z; 1oo

n=1

2 Z(2n 1)? +1
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25

26.

27.

28.

29.

30.

)ZZn(n+l)’ 6)Zlnn’ B)i 4n

= \in"+1

(2n+1)! 2n? +1) g n
Z,/(n+3)3“ Z( 1} ’ );3\/n4+n+3'

)Z(n 1)I Z(n+1)|n (n+1) )Zn(n+4)'

a)ZZ” ' z(n+1) Zn(n +2n)
a)z i 6)Z3nsm— 22n+4.

147 1+n?

w  pmi " 2 n+l
0 I B )
a)z 3"l )Z ( nj )nz_l“\/n3+n

II. HocniguTtu Ha aOGCOTIOTHY Ta YMOBHY 30DKHICTD PSJIH:

N _1\(n+D) 1 . . _1\n 1 .

Lo 2.9 nn+y’ O Z( Vs
2.2) 2(—1)%9%; 6) Z( 1 2,

Jn

3-3) nzll( D 100 2 nzzl( D’ nIn(2)
n 1)° S a N+l
4a) 3 0D 5 2D T_

> 0 Z_l:( b’ n(n+5)

Yn+n

: ; 0 1
X Z_;'( Ve O SOV o
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7.2) 2(—1)"%;

B.a) 2 (D)’ 31::2;
9.a) Z_l‘,( v 5n 2;
10.0) (1"

= 5%
11. a) Zl( 1)" 2n(n+1)
12. a) Z_l:( )" 3n L
13. a) Z;( 1)" '”—”
14.2) nzl:( D"\ Toon? +1;
15. a) Z_;,( )" (3n+1)

16. a) Z( 1)" %/_
17. a) Z(—l)”e—n;
18.a) > (-)"——;

19. a) i(—l)”@:;;j :
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6 Y (;”f;) ,

6) Z(—l)” In(1+i2j;
0) Z( D"
0) Z( D"

~ n(n +1)(n+2)

6) 3 (-1)" (‘;: fj ,

n=1

6) Z( 1) (”+1j5n,

n’ +2n+8

n

v 3

nd +
n+n+1

6) Z( D) ———

6) Z( i) 1),'

) 2(—1)“[%] ;

n=2 s{/_ |
O SV

§ -1 tg" —;
) nZ=1:( )"n® arcty an

< 0 5n+3 ]
? &V a0’
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20. a) Z( 2 6 Y (-r2rie;
2 hn 3n+5
21. a) Z( " — Inn 6) Z;(—l) A iD
22. a) Z(—l)” nz(::i); 5) Z( 1" 3n+ :
23. a) Z( D 6) Z(—l)"n 2.
o0 n 1 )
w0 S Gt 0 2OV gy
- i 2n+3
25. a) Z(—l)”tgi; 6) Z(—l)"ﬁ,
i 1
26. 1 ‘1—; 6 )
a) Z( (n+127 )HZ:;,( ) (n+3)(n+2)
n+3 e Jn
27. ; -1 ——;
2 Z( ) ( 1)’ )nzﬂl( ) n’+3n+2
. 1
28. -1)" —; 0 1" :
Y nZ:;( Vel s nZ:;( ) (2n+1)2n+3)
= n+1 n = n 1
2.0 2D 6 2D ‘*F 1:
i 1 n
30. —1”—; 6 -
? nz:;'( ) (n+1) nn ) Z v \/—+3n

III. 3naiitu 061acTh 30DKHOCTI CTETIEHEBOTO p}I,uy

& (D)2
a)nz_l:(zn)!x’ ©) z2—1
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i Z:‘szﬁ k K Zn(+X1+5n)+1
— 2(_1)n (2n—1)?(2n—1) X 6 2@
10. a) 2%x 5) gzn(:;&lznn)

11. a) g(zn;)!x“; 5) g”!(x:nlo)”
20 Ty 0 2y

13. a) nzi‘,(1+%)”x"; 6) i“ '”3(?1++1n()><+1)”

- nlo
a) Z_nx '
n=1 N

R
a) Z3nflnx’

m=1

S it L,
a) > (-D)" X"
n=1 n

0 . 1 .
a) ;(_1) mx ;

SHEE
Y nzl‘n(n+1)x

- @en-1),
a) nZ:;,(—l) TX

5 33 (=2

n=1 n!

5) i(x—z)n;

n
a2

6 i(x —21)n ;

-1 n
x+8)"

=}

o
M= EM]s
—~
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“eow zn(n+1) ni Sm?
* 4 ©

o ;(nil)n X 0) nz:zl r)l(_nn

16. a) gﬁxn; 6) nwl Ggﬂ:ig}(z;)?)”

17. a) 2#:12)x 6) i@

® a)g( )5\/—1 z.o:1+2n’

. gnjnlxn; R Z = 221+\1/—2;

21 a) gﬁxn; 22n+1)(x+1) '

22. a) 23";\/5)(“; 5) g(xzf)"

24. a) nZimx"; 6) g(_l)n (x;nZ)“;
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VPN I - 3)“
26 a) .nzﬂl(—l) 3n\/ﬁx ; 22: pprt
= n _1 2n ,n. - (X—Z) .
27. a) 21:2 1 n) X"; 6) le o
28. a) > 2 ;' 6) i(—l)“ (x—1)“(2n+1)”;

X’ n
nz—ll(Zn+1)2\/§ 2 )
29. a) i X" 5) Z (x+2)

12" “~n- Inn
© 1 . 0 4n(x_5)
30. —X"; 0 — =
Y 23 mey T

IV. Buxonatu po3kian gaHoi QyHKIII B ps:

1. f(x)=2"sinx 3a CTEMEHAMH X .
2. f(X)=xIn(1+x?) 3a CTENEeHAMU X .
3. f(x)=sin % 3a CTCTICHSIMH X .
1—e 2

4 f(x)= 3a CTETICHAMHU X .
5. f(x)=In(1-2x) 3a CTENCHAMH X .
6. f(x)=cos’x 3a CTETICHSIMH X .
7. f(x)=In(1- g) 3a CTENEHSIMHU X .
8. f(x)= ! 3a CTENEHsAMHU X

' J1-x '
9. f(x)=sin’x 3a CTETICHSAMH X .
10. f(x)= e’ 3a CTCTCHAMHU X .
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11. f(x)= % 3a CTENCHSAMU X .

X
12. f(x)= Xl 3a CTEMEHSAMHU X .
e’ +1
13. f(x)=x%Inx 3a CTETeHsIMH X .
14. f(x)=e"™ 3a CTENEHsIMU X .
15. f(X)=In ]llx 3a CTEMEHSAMHU X .
—X
1
16. f(X)=—"3 3a CTENCHAMHU X .
1-x)
17. f(x)= ! 3a CTETICHsAMH X .
VO+x®
18. f(X)=In(x+2) 3a creneHsMu X —1.
19. f(X)=Inx 3a creneHsMu X —1.
20. f(x)= Jx 3a CTENCHSIMH X —4.
21. f(x)= Lt 3a cTeneHsIMH X —1.
X+2
22. f(x)=e* 3a creneHsamu X —1.
23. f(x)= L 3a CTEHCHAMH X+ 2.
X+4
24, f(x)= 1 3a cTeneHsAMu X — 3.
X
25. f(x)=x®-2x+1 3a cTeneHsMu X —1.
26. f(x)= Jx 3a creneHsamu X —1.
27. f(x)=x° 3a CTCTICHAMU X+ 2.
28. f(x)=x*+2x*-8x*+4x+4 3a CTeTMeHsAMU X +1.
29. f(x)=e ¥4 3a CTeMeHsIMH X —2.
30. f(x)=x®-2x*-5x-2 3a CTCTCHAMU X+ 4.
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V. BHKOPHCTOBYIOYHM BiAMOBIHE PO3BUHEHHS (PYHKIII B psi,
o0umciuTH 3 ToudicTio 10 0,001.

1./1,004; 2../0,992; 3.4/90;
4.3/1,006; 5.3/0991,  6.3/130;

7.sin12°;  8.In 2; 9.In 3;

10. In 4; 11. /1,005; 12. v110;
13.3/70; 14. cos12°, 15.4/0.98;

16.cos18° 17.In1,2; 18.sin10°;

19. Je; 20.1. 21.3/250;

e
22.e%: 23.sin1°  24.cosl°:
25. c0s10°; 26.%/30;  27.3/500;

28.%/1.015; 29.%/129; 30. eiz.

VI. O6uucnuTy BU3Ha4YeHHH iHTEerpa 3 TouHicTio 10 0,001,
PO3KJIaJIatouu B psJl MiAIHTETpanbHy (PYHKIIIIO:

1 1Sil’l25
1. je’xzdx; 2 I 2dx;
0 0 X
0,5 - 4 1
3 J'wdx; 4 Iede;
0 X 2
0,5 1 _x
5. arCthdx; 6 I e—dx,
0 X 0,5 X
0,5 X 1
7 J‘—dx; 8 jxe’&dx,
0 .1.+X3 0
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0,5
9. J'arctgxzdx;
0
0,5 2
11. dex;
L X

1
13. Isin X%dx ;
0

0,5
15. j\/1+ x2dx ;
0

25 .

17. IS'” X ix :
. X
0,5 X

19. dx;
'([4\/1+ x*
°°  dx

21. j —
03 (l+ X‘Q‘)2
1 x?

23. Ierx;
0
0,25

25. idX'

27. sz cos~/xdx ;

0

0,5 2
29 Iarctgx dx:
0 X

1
10. j cos~/xdx;
0

0,5
12. jxe’xdx;
0

0,5 - 2
14. [P0 dx;
0 X

18. jxcos Jxdx;

0
1

20. I\/;e’xz dx ;

0

0,5
22. Ixcos V2xdx X

0

0,5
24. J' X -arctg xdx ;

0

1
26. Ixﬁsin Jxdx:

0
1

28. je’o'“s dx ;

0
1

30. Icos x%dx .

0

VII. 3HaiiTi Tpu NepMX BIIMIHHUX BiJl HYJISI WieHa
PO3BUHEHHS B CTENIEHEBUH PsiJT pO3B’sI3KYy AU (epeHIIaTbHOTO
PIBHSHHS:

© I'ynyn B.1., Sxumenko C.M. 52



. X
1y =5 y(0)=1;
2. y'=xy*-Ly(0)=1;

3 y’=y2+x3:y(0)=%;
4. y' =y>—x y(0)=1;
5. y'=y+xe’; y(0)=0;

6. Y =X+ y(0) =1;
y

7.y =x"+y% y@) =1;
8. y'=e"+xy; y(0)=0;
9. y'=x*+y%y(0)=1,

10.  y' =x’y+e’ +x; y(0)=0;
11, y=eZ+y?* y0)=0;

12.  y'=cosx+e’ +x; y(0)=0;
13.  y'=2x>—y?-2x; y(0) =1;
14.  y' =x+siny+1 y(0)=0;
15. y'=xe"+Iny; y(0) =1,
16. y'=eY+y;y(0) =1,

17.  y'=cosx+y?; y(0) =1;
18.  y'=y+y* y(0)=3;

19. y'=2e’ —xy; y(0)=0;

20. y'=sinx+y?*; y(0)=1;

21. y'=e"+y;y(0)=4;

22. Y =x+x*+y?*y(0)=3;
23, y"=x%y; y(0)=Ly'(0)=1;
24.  xy"+xy=-y,;y(0)=1y'(0)=0;
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25. y"+xy=0; y(0)=1y'(0)=0;

26. (1+x3)y"+2xy'=0; y(0)=0;y'(0)=1;
27.  y"=xy'-y=0; y(0)=1y'(0)=0;

28.  y"=yy'-x* y(0)=1Ly'(0)=1;

29. y"=xsiny’; y1)=0;y'Q1) = g;

30. y"=xy'-y+1 y(0)=0;y'(0)=0.

VIII. Bukonatu po3kiazn ¢yHkiii B psux yp'e 3 mepiogom 21:
1. f(X)=x nmpm -2<x<2; |=2;

-1 mpm -2<x<0;
2. f(x)= | =2
X mpu 0<x<2;

1 npu —-3<Xx<0;
3. f(x)= =3;
-2 mpu 0<x<3;
4, f(x)=x-1 mpm 0<x<2; [|=2
5. f(X)=4-2x mpu 0<x<2; 1|=2;
6. f(X)=2-Xx mnpm 0<x<2 | =2
Xx+1 mpm —-1<x<0;
7. f(x)= =1
1 npu 0<x<L
8. f(x)=1-x npu 0<x<2; [|=2
-3 —-2<x<0;
9, f(x)={ 1P s
-1 mpu 0<x<2;
0 mpu—2< X <0;
10. f(x)={ P | =2.
X npu0 < x<2;

Bukonatu poskian B psag @yp’e nepioguunoi gpynkii f(X),
3aJ]aHO1 Ha IHTEepBaIi.
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X npu -1<x<0;
11. f(x)=

-1 npu 0<x<ZL

2X npu —-1<x<0;
12, f(x)={ P

0 npu 0<x<rm;

—X npu -T<X<0;
13, f(x)={ P

Vs npu O0<Xx< 7,
14. f()=4-| npu -2<x<m,
15. f(x)=x*> mpm -1<x<1;

—(X+2 mpu - <X<0;
16, fo=) X+2 mp

-(x=2) mpn O<x<mr,

—2X mpu —x7<X<0;
17. f(x):{ P

2X npu 0<x<7;
18. f() = mpn -2<x<2
19. f(X)=2-x 1opu -2<Xx<2;

-1 nopu -3<x<0;
20. f(x)={ P

5 npu 0<x<3;
21 0 npu -1<x<0;

- 1= % npu 0<x<Ll
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X+1 Tpwm -1<x<0;
0 npu 0<x<1.

22. f(x)={

@Oynknito f(X) po3kiacTy B pAa KOCHHYCIB B 3aJaHOMY
IHTEpBaJIi.

23. f(x)=x* (0,7);

24. f(x)=2-x; (02);
25. f(x)=2x-1; (0);
26. f(x)=z-x; (0,7).

Oynkmiro  f(X) po3BKIacTH B pSAA CHHYCIB B 3aJlaHOMY
1HTEpBaATi

27. f(x)=x-1; (01);
28. f()=z-x; (0,7);
29. f(x)=2-x; (02);

30. f(x)=x+1; (01).
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