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I[MEPEJJMOBA

Haiibinpmri TpygHOIIi i 9ac BUBYEHHS KypCy BHIOI MATEMATHKH Y
CTYACHTIB BUHHKAIOTD [IPY PO3B’s3aHHI MIPaKTUIHUX 3a7a4. Po3B’s3aHHA 1 aHAII3
3a/1a4 JO3BOIITIOTE 3PO3YMITH i 3a11aM’ ITaTH OCHOBHI TEOpeMH 1 (HOpMyIIH JaHOTO
Kypcy. . . . .

Jlani MeToAN4HI BKa31BKH BiTHOCATBHCS 10 TeMH «Psam». J{ns po3BuTKy
HaBHYOK CaMOCTIHHOTO PO3B’s3aHHS MPAKTUYHUX 3a/]1a4 3aIllpOIIOHOBaHI
IHIMBIyasbHI 3aBJIaHHS 32 OCHOBHUMH po3JiIamMu TeMu. MeTa 3aBaHb —
3aKpINUTH 3HAHHS OCHOBHUX T€OpeM 1 ()OpMYJI, 32CBOITH IPHUHOMH PO3B’A3aHHS
3ajad.

VY mpencTaBiicHOMY 710 BaIllol yBard HaBU4aJIbHOMY MOCIOHUKY BKITIOYCHI
TEOPETUYHI IIUTAHHA Ta MPUKJIATN NIPAKTHYHUX 3aBJAHb 10 MOIYJIEHOTO
KOHTPOJIIO 3 TeMU «Ps1u», 3 METOI0 JOIMIOMOITH CTyJCHTaM y HirOTOBLI 10
HaIMCaHH MOIYJIBHOI KOHTPOJBHOI pOOOTH.

VY Mexax iHOUBiTyaJbHOTO 3aBIAHHS CTYICHT BUKOHYE I SITh 3a1a4,
YMOBH SIKUX HaBelleHi y po3a.2. Homepa 3agay HeoOXiqHO 0OMpaTH BiIMOBIIHO IO
CBOTO BapiaHTa, KW BiAIIOBia€ HOMEPY 3aIikoBOi KHIKKH. Hampukian, SKimo
CTYZIEHT Ma€e HoMep 3anikoBoi kHkku 150590079, To mis Toro, mob odbpatu
HOMEpH 3aj1a4 CJIiJl B3SATH O YBary JIMIIe TPU OCTaHHI IM(PHU 1 po3TanryBaTy Imij
HHMHU TPH TIEpPLI JITEpU YKpaiHCHKOTO angapiTy, HAIPUKIA;

079
abB

IToTiM i3 KOXKHOTO BEPTHKAILHOTO CTOBIYUKA JI0OJATKY A, 3a3HAYEHOTO
BHH3Y BiNOBITHOIO JIiTEPOIO, TpeOa B3SATH OJJHE YKCIIO, SIKE CTOITh Y TOMY
TOPU30HTAILHOMY PSIIKY, HOMEp SIKOTO CIiBIaga€e 3 HOMepaMHu JITep.

Hampuxknan, Homepu 3a1a4, ki TpeGa po3B’s3aTH Ui BapiaHTa
150590079, nactymni: 422, 439, 446, 453, 462.

Baxaemo ycmixis!



PO3JI 1. TEOPETHMYHI BITIOMOCTI TA ITPUKJIA/IN
PO3B’A3AHHA TUIIOBUX 3AJAY 3 TEMU «PAI1»

1.1 Yucnosi psau

Yucnosum psadom Ha3UBAETHCS BUPA3

(e 0]
ap +ag tagt..tap +..= nélan’ 1.1)

fie uucia 81,8y Ay, AKi HA3UBAKOTHCA YICHAMH PAIA, YTBOPIOKOTH
BiZIOMY YHCJIOBY TOCIIIIOBHICTb.

UYucnosuii psa (1.1) Ha3uBa€eThCS 30idrcHuM, SIKIIO CyMa N MepIIux Horo
WIEHB Sy = a) +ay +ag+..+ap (JacTtkoBa cyma psina) Ipu N — coMae
TPaHHULIO.

L5 rpaHMIs HA3UBAETHCS CYMOIO PSAY, SIKU 30iraeThes.

Slkmo lim S, He icHye, TO psi/I HA3MBAETBCA POIOINCHUM.
n—o0

OnHUM 3 HaHMIPOCTILIMX PSIB, aJle TAKUM, 1[0 YaCTO 3yCTPIYaeThCs, €
HECKiHYEeHHa TeOMETPHYHA IIPOTPeCis:

a+aq+aq2 +...+aqn + ... (1.2)
Bigomo, 1o npu |q| <1 psim (1.2) e 36ixauM i Mmae cymy a/(1—q). Ipu

|q| >1 reomeTpuyHa Nporpecis sBsie cO000 P, KU PO30iraeTbes.

[HIIMM BayKJIIMBUM IPHUKIIAJIOM € y3arajlbHEHHI TapMOHIYHUIT psij
1 1 1 1 020 1 L3)
-+ =+ =+t F—=+..= —, 1.
SIKHH 30iraeThes pu P > 1 1 po3diraerses mpu p < 1.
Oco0uBO 9acTo 3yCTpivaeThes BUMIANIOK, KO P = 1, IKOMY BiIITOBiae

po30LXKHUHN psx:

1 1 1 o 1
14—+ —Fd—F.= 2 —, (1.4)
2 3 n n=ln

BIIOMUI MMiJT IMEHEM 2apMOHIUHO20 PsdY.



Psin mosxe 36iratucs juiie 3a yMOBH, KOJIM CIUIbHUI WiIeH psly ap,
HAOIIMKAETBCS /10 Hyist mpu N —> o0 lim a, = 0. (e neoOxinna, ane
N—o0

HEJIOCTATHsI O3HAKA JUIsl Oy Ib-SIKOTO PSIIY).

Sxmo lim an # 0, TO psijx po30iraeThest.
Nn—o0

JLJ1s 9UCIOBHX PSAIB 3 TOJATHUMH WICHAMH (an > 0) , npu JOCIiPKeHH]

X Ha 301KHICTB, 3aCTOCOBYIOTh HACTYIIHI TOCTATHI O3HAKU 301KHOCTI.
Ilepwia o3naxa nopienanns. JlaHo 1Ba 3HAKOJOAATHUX psla:

e 0]
Up +Ug +..+Up +...=nZ:1un , (1.5)

0
Vi + Vo +.Vp + = nz Vi - (1.6)
Hexaii uieHn mepmoro psxy He MepeBHUINYIOTH BiAIOBITHAX WICHIB
JIPYTOTO PAAy:
Up SVpiUp S Vo, U SV,

1 Ipyruii pazg 30iraeTecst. Y TaKOMy BHIAJIKY HMEPIIUH P TAKOXK
30iraeTscs 1 1oro cyma He MEpeBHILYE CyMH JPYTOTo PsIy.

0 1
Ipuknan. JocmiguTy 361KHICTL pagy > n )
n=l2" +1

Po3p’s13aHHA. YieHH TaHOTO Psily MEHIIE BiJIIOBIJHUX WICHIB Py
© 1 1 1 1
FEoh At
n=l2" 2 4 8
Aute ocTaHHIHN psij1 30iraeThes SIK HECKIHYSHO CIaJiHa TeOMETpHYHA

nporpecist (q = — <1). BiamosinHo, 36iraeTses i JaHui psi.
o0 1
BignoBins. Pag 2 n 30iraeThCsL.
n=12" +1

Lpyea o3naxa nopisusnus. Jlani nBa 3HakogoxatHi psau (1.5) 1 (1.6).
Hexaii unenu neporo psany (1.5) He MeHIIE BiIIOBITHUX WICHIB

apyroro psny (1.6):

Up 2 Vq, Uy 2 Voo, Uy 2 V...



i panx (1.6) posbiraerbea. Y Takomy Bumagky psg (1.5) Taxox
po30iraeTncs.
[puxknaxa. JJocmianti Ha 301KHICTD P

1 1 1

1 ®© 1
e —
\VIn2 " \JIn3 ’ JIn4 e \fln(n +1) " n=1«fln(n +1)

Po3B’s13aHHs. PO3ristHEMO JOTOMIXHUN PsiJT

1 1 1
_—+t T+t —+
\i’g \fg \/n +1
SIKHH PO30iraeTbes SIK y3aralbHeHHH rapMoHigHui pax (1.3) 3

1
MOKa3HUKOM P = — < 1. OCKUIbKM KOKEH WICH PsAy OibIle BiMOBIIHOTO WiCHA

2
OCTaHHbOT'O PAAY

Inn<n, \m<\f \/ﬁ \/_

TO B CHIIy JPYyTOi O3HaKH MOPIBHAHHS NOYAaTKOBUH PsII pO30iraeTsCs.
) 1

Bimmosige. Pag ». ———— po3b6iraeTscs.
n=1fIn(n +1)

IHO/I OyBa€ KOPUCHOK HACTYITHA TEOPEMA.
Teopema. SIxino 30iraeThes (po30iracTbes) psia

U1+U2+U3+...+Un + ...,

TO 30iraerncs (po30iraeTsest) i psn

Uma T Ume2 T Ums3 T
SIKMH OTPUMYEMO 3 JIAHOTO Py BIAKUAAHHSM IEpPIIMX M dieHiB (uei
OCTaHHI# psJ HA3UBAIOTh M -10 OCTAYEIO IOYATKOBOTO Psi/ly); HABIAKH, 31
30DkHOCTI (po30iKHOCTI) M -i 0cTavi psity BUTIKAE 301KHICT (PO301KHICTh)
JIAHOTO PSAY.
[puxknaa. JJocmiautu 301KHICTE psiTy
1 1 1
—t+—+—+..
11 12 13
Po3B’s3anna. [laHuit psii OTpUMaHKH i3 TapMOHIYHOTO BiJKUIaHHAM
HepIux Jecat wieHis. OTxe, BiH po30iraeTscs.



1 1 1
Bimnosigs. Pasqn  — + — + — + ... po30iraerscs.

11 12 13
Tpems o3naka nopiguanusa. SIKIIO iCHYE KiHIIEBa i BiAMiHHA Bill HYIA

rpanuns lim (up, /v, ) =K, To o6uasa psau (1.5) i (1.6) ogHOUacHO 36iratoThes
N—00

a00 0HOYACHO PO30iraroThCs.
[puxnax. Jocmiauta 301KHICTE psiTy
1 1 1 1
—+—+—+—+..
2 5 8 11

Posp’ssanns. Tyt Uy, =1/(3n —1). Topisusiemo psn 3 po30ikHUM
n

u 1
rapMoHi4HuM psitoMm (1.4), B skoro Vi =1/n: lim N~ im =—.
n—o0 Vi nN—>wo3n_1 3

Otxe, naHui psin po30iracTees.

o 1
Binnosins. Pag >
n=13n-1
[opiBusaHHEA 3 TapMoHiYHAME psiaamu (1.3) i (1.4) mo3BOISAIOTE
BCTAHOBUTH NOBEJIHKY 0araTboX psAiB. 3a MEPIIOO i IPYTol0 O3HAKaMHU
MOPIBHSHHS:

© 1 1 1
a) X

———— po30iraeThes: > :
n=1«fn(n +1) \/n(n +1) n+1
0) § ! 6i ! L

—— 30iraerscd; ——m < ;

> -3

”‘1\fn(n2 +1) «fn(n2 ) 2

pO30iraeThes.

e 0]
B) X D (p > 0) pos6iraerses: (In n)p <N (@14 K0CTaTHBO
n=2 (Inn)
BEJIUKUX N);
© n! n! 2
r) X — sbiraetses: —5 < — (a1an>3).
n=ln nn

3a TpeThOI0 03HAKOIO MOPIBHIHHS:



o0

a) >~ ———= (b>0) 36iraetses mpu S > 1, po3GiraeTses npu
N=Ng (a + bn)
S<1 1 1 1
<l ———— >
(a+bn) n3 b3
0) g ' oi L1 1
posbiraerscs: —=: — —>1;
n=1 n% n% n
® X ox 1
B) 2 sin— (0 < X <) posbiraersest: Sin—: — — X ;
n= n n n
® X x 1 x2
r) 2 (1-cos—) sbiraetses: (1-cos—):— — —.
n=1 n n n 2

Cuizx 3a3HAYHTH, IO B PAAAX, AKi MICTATH (haKTOpialii, KOPUCHOIO OyBae
(opmyna Cripminra:
n

Q.
ni=zm [ 2| 12T 0<q<1),

e

sIKa JI03BOJISIE OL[IHUTH BENMUUHY (DakTopiana N! mpu BeTUKUX 3HAYEHHIX

BuxopucTaHHs 03HAK MOPIBHAHHS MIPH JOCIHIIIKEHHI PAIiB 9acTo OyBae
YCKJIATHEHUM depe3 HeOOXiqHICTh CKIIAAAaTH TOMOMIKHUH psia. CourbHIX
MPUHOMIB IS IIFOTO, MIPUIATHUX JUIS BCIX BUNIAJIKIB, HE icHYe. ToMy, mpu
JOCIIKeHHI PSIiB, 4aCTO BUKOPHCTOBYIOTHCSA 1HIIII JOCTATHI O3HAKH, 30KpeMa,
HACTYITHA!

Osnaxa Jlanambepa. SIkmo s 3HaKogogaTHOTO psiny (1.5) icHye
TPaHMIIS BiHOIICHHS HACTYITHOTO YICHA Psifa 10 MONEPEIHBOTO MPU
HeoOMeXxeHOMY 301IbIIEHHI HOMepa wieHa N, TOOTo

lim M =p,
N—o0 Up
To pu P <1 psix 36iraerbes, mpu P > 1 psg posdiraersbes.
Onpa3y BigmiuaeMo, mo npu P =1 gaHa o3HaKa HE Ja€ MOKIUBOCTI

CYIUTH PO MOBEAIHKY psxy (1.5).
[puxnaxa. JJocmigutu 301KHICTE psiTy



2 2 3

2 2 2" 2 2"
—+ =5+ttt —
1 210 310 n10 n-1 n10
Po3B’s3anns. Bukopucraemo o3naky lanambepa;
Maewmo:
N . 2n+1
u = —x u = —
n ) H
n10 n+l (n+ 1)10
Un g 2n+1 ) n10 5. n10
i, 02" (et
10
u 2-n
lim L= jim S5 =2 lim o =2
n—oo n—0 (n +1) n—0 1
1+—
n
Ockinbku p =2 > 1, To psinx po3diraersces.

n
© 2
BignoBins. Psig 2. 10 po3biraetscs.
n 1n

V THX BUNaJKax, KOJIM 03Haka JlamamOepa He 103BOJIIE 3pOOUTH
BUCHOBOK IIpO 301KHICTh 200 PO301XKHICTD P, MOPSII 3 03HAKAMH MOPIBHIHHS
4acTO BUKOPUCTOBYETHCS HACTYITHA JOCTATHS O3HAKa 301KHOCTI psiy.

Iumeepanvua osnaxa Kowi. Hexali unenu 3Hakog04aTHROTO psiay (1.5)
Up (n=1,2,...) e3nauennsmu npu X =1,2,3,...,n,... neskoi ¢pynkuii f(X)
JIOZIaTHBOT, HEeTlepepBHOI, craHoi Ha iHTepBaii 1 < X < oo Tak, 1o

up = (D),

P =f(2),..., uy="Ff(n),...,
toxi pax (1.5) Oyze 36iraTucst abo po3bdiraTucs y 3aIeKHOCTI BiJ TOTO,
o0
36iracThest un posdiraetees inTerpan | f(X)dx .
1
® 1
Ipuxnaz. Jocaigury 361KHICTE paxy 2.

n=2n.mPn



Posp’szanns. @yukiis f(x) = mpu X >1 € nogaTHBOO 1

1
x - 1nP x
cnanHo (TIpu OyIB-SIKOMY P 1 IOCTaTHBO BEUKOMY X ). ToMy, I OCTiKEeHHS

JAHOTO psAy Ha 301KHICTh MOKHA BUKOPHUCTATH iHTETpaibHy 03HaKy Kori.
Maemo:

o A
© dx  ®dlnx) I Px
2xIn"x 21In"x A>© 1_p )

IIpu p >1 orpumaemo:

1
(p 1 In
© 1
BimmoBings. Psn 2. P 30iraeTbes pu P > 1.
n=2nn" n

© 2n
[puxnax. Jocmiautu 301KHICTE psiTy > )

n=1n® 41

Po3B’s3anHs. BukopucroByroun inTerpansHy o3Haky Koui, po3riisiHemo
iHTerpas

2
A 2x Ad(x 1) ) 2
I_I—dx_ lim | ——dx = lim f27= lim In(x~ +1)| =
1x% +1 Ao 1 x 41 Aol x“ 411 Ao 1

= In(+w) — IN 2 = +o0.
Hernacuwuit inTerpan po3diraetsest. OTKe, JaHUN PsIJ] TAKOK
po36iraeThesl.

. . w 2n .
Bimmnosins. Psag Y ) po30iraeThes.
n=ln® +1

Paduxanvha osnaxa Kowi. Slkiio s psay (1.5) icaye  lim Wu n==C,
N—00

TO 1eH psijt 30iraeThes pu € < 1 i posdiraerbes mpu € >1. [lpu € =1 nana
O3HaKa He JI03BOJISIE POOUTH BUCHOBOK PO 301kHICTD psamy(1.5).
[puxnaxa. JJocmigutu 301KHICTE psiTy



Po3B’s13aHHS.
3 yMOBHU Ma€eMO:

n
n

2n+1

TyT 3py4HO BUKOpHCTATH 03HAKY KoIH, OCKiTBKI

n
nf _
Up =

2n+1.

Otpumyemo
. . n . 1 1
c= lim Qu, = lim ——= lim ——=—<1.
n—o0 N—>won +1 N—o® 1 2
2+ —
n
n
0 n
Binnosins. Pag > 30iraeThesl.
n=1\ 2n +1

Po3risiHeMo Tenep psay, WICHH SKUX MalOTh Pi3HI 3HAKH.
3HAKOMOYEPEIKHUM PSATOM HA3UBAETHCA PSJ, AKUIH Ma€ BUTIISA

Up —Us +Ug—Uy +..., ()
ne Uy >0 (n=123,..).

Osnaka Jletibniya. 3naxonovepexuuii psn (1.7) 30iraerbes, KO
a0COJIIOTHI BEJIMYMHU HOr0 WIECHIB CIIaJaoTh, a CIIILHUN WieH HaOImKacThCs 110
HYJIsI, TOOTO, SIKIIO BUKOHYIOTHCSI HACTYITHI JIBi YMOBH:

1) Up >Up >..>Up > U g > i

2) lim u, =0.
N—o0
[puxnaa. JJocniantu Ha 301KHICTD PsIX
1 1 1 ( 1)n_1 1
+ + + ..+ (= — ..
1-22 2-32 3-42 n(n +1)

Po3sp’s3anns. el psin 3a10BoIBHSIE YMOBaM O3HaKH JIeiOHima:



) 1 1 1 1
> > > >
1.2 2.3% " 3.4° n(n +1)°

>

. . 1
2) iy, on = g, ——5 =0
n(n+1)
Binnosige. [lanuii psij 30iraeThesl.
Teopema. 3HAKO3MIHHHI PSIJT

Up +Ug +.o+Up +.. (1.8)
30iraeThCs, SKIIO 30iraeThes ps

‘ul‘+‘u2‘+‘u3‘+...+‘un‘+... (1.9)
VY upomy Bunanaky psia (1.8) HasuBaeThcs aOCOIOTHO 301KHUM.

o0 o0
36ikHMH pA1 2 U, HA3MBAETHCA YMOBHO 301KHHM, SKIIO PAA 2 |u n |
n=1 n=1
po30iraeThes.

[Tpu npakTHYHOMY BHKOPUCTaHHI 301KHHUX PsJIiB 3a3BHUYail 0OMEXYIOThCS
JeKiTbKoMa iX eplnuMHy dieHaMH. JlomycTHMa pH [IboMY TIOMUJIKa (0cTaya psza)
HAMOLTBII MPOCTO OUIHIOETHCS IS 3HAKOIIOUSPEKHUX PSIJIIB.

Teopema Jletioniya. [ToMmika mpu 3aMiHi cyMH 301KHOTO
3HAKOIIOYEPEKHOTO PSIIY CYMOIO EKITBKOX HOTO YWiICHIB MEHINA 33 a0COJFOTHE
3HAYCHHS IIePLIOro 3 BiIKHHYTHX YICHIB.

00 (_1) n
[Tpuxnan. IlepeBipuTH, MmO psf z —5 - 30iraetbest i 064mcnTH,
n=1
npuOIN3HO, 3HaUYeHHs cymH 3 TouHicTio 10 0, 01.
Po3p’s3anns. [lepeBipseMo 301KHICTB psAy 3a o3HaKorO JleiOHima:
BIIEBHIOEMOCS, IO HOTO YWICHH CIIaJaroTh 32 aOCOJTIOTHUM 3HAYCHHSM 1 IO

1
lim |an|= fim ~0.
nooo! M nSw 3

Jami 3HaX0IMMO JIeKiJbKa IMOCIiIOBHUX MEePIIUX WICHIB TAHOTO PALY,
JIOKU HE OTPUMAEMO TaKHi 4ieH, abCOIIOTHE 3HaYeHHS stkoro MeHie 3a 0,01:
1 1 1 1 1
a=-—; 8y =—; dg=—— @y =—; g =———.
2 9 28 65 126
3a BKa3aHOIO BHIIE BIACTHUBICTIO 3HAKOIIOUEPEKHUX PSIIIB IS
00YHCIIeHHST CyMH JaHOTO psiay 3 TouHicTio 10 0,01 10CTaTHRO B3STH CyMY
YOTHUPHOX MEPIINX WICHIB:



® (-1) 1 1 1 1
> 3 ~——+———+—=~-0,41
n=ln®+1 2 9 28 65
Binnosigs. Cyma naHoro psay npuoiau3Ho aopisHioe -0,41.

1.2 ®yHKIiOHANBHI psAAK

0]
Psan Zlun (X) = ug(X) + Up(X) + ...+ Uy (X) + ..., H7EHH SKOTO €
n=

GyHKUISAMY Bix 3MIHHOT X , HA3UBAETHCS YHKYIOHATLHUM.

[Tpu pizHux 3HaueHHAX X 3 QYHKIIOHAIBHOTO Psily OTPUMYEMO pi3Hi
YHUCIIOBI PSITH, AKi MOXXYTh OyTH 301HUMHU a00 pO30IKHUMHU.

CyKymHICTh 3Ha4eHb X , IPH AKUX (QYHKITIOHAIBHUH psij 30iraeThes,
Ha3WBAETHCS HOTO 001acmio 36ixicHocmi.

3 ycix pyHKIIOHATHHUAX PSANiB HAUMPOCTIIAMHY 1 HAlOLIBII Y)KUBAHUMH €
cmenenesi psou BUTIISLY

® n 2 n
Zoanx =ag +aX +ayX +..+aApX +.. (1.10)
n=
a00 OLTBII CHITBHOTO BUTIISAIY
® n 2
n=
O0mnacTio 301)KHOCTI Oy/1b-SIKOTO CTETIEHEBOTO PSJY € OAMH IHTEpBaJ
YHCIIOBOI OCi, 0 € cuMeTpruyHUM BigHOoCcHO Toukn X = 0 (st psaay (1.10)) abo

X = XO (ms psany (1.11)), sixuii Mmoske OyTH 3aKpUTHUM 200 BIIKPUTUM, a60

HAITiBBIIKPUTHM.

Jis Bu3HaUeHHs 007acTi 301KHOCTI PYHKIIOHATBHAX PSAJIIB 3a3BHYAM
CIIOYaTKy BUKOPHCTOBYIOTh 03HaKy JlanmamOepa, a OTiM Ti 3HaueHHs X, UL IKUX
15 O3HaKa He BUPIIIYE MUTaHHs PO 301KHICTB psay (P = 1), nocmimKyeTbes

0c00JIMBO, 33 JOIIOMOTOIO THIIMX 03HAK 301)KHOCTI PSIIB.
[puxnan. 3naiiTn iHTEpBa 301KHOCTI CTENICHEBOTO PSIAY

n
© 2 .n! 2n
—X .
n=l (2n)!
Po3p’s3anns. BukopuctoByroun o3Haky Jlanambepa, IyKaeMo TpaHHI0



n+l 2n+2 .n 2

. |Upa |2 (n+1)!x 2 -n! 9 ) 2(n +1)x
p=lim —=|= lim : X = lim |—|=
N0l - n%\ @+l (2n)! N0 (2n +1)(2n + 2)

1 1
7+7
LRI N DS
N—w 1 2
2+-)2+-)
n n

T0OTO, A7 MaHOTO psAny P <1 mpu Oyap-siIKOMy 3Ha4eHHI X .

OTxe, 3rigHO 03HAKHU Jamambepa, 1ei ps 30iraeTecs Ipu Oy Ib-TKOMY
3HaveHHi X.

Binnosigs. [HTepBamoM 301)KHOCTI € BCS YHCIIOBA BiCh —00 < X < 00,

[Mpuknazn. 3HaiTH iHTEpBaT 301)KHOCTI CTENIEHEBOTO PSAY

X X X o X
-+ 7=+ =+..= .
N N = N
Po3B’s3anns. CkinanaeMo rpaHuIlio

n+1 n
unJrl n+1

lim = lim |x| lim ,— = |x|
TakuM YUHOM, TaHWU Psif] 30iraeThest Ist |X| <1, T00T0, B iHTEpBaT

(—1, 1) , 1 po30iraeThes s |X| > 1. Paxiyc 36ixHOCTI psimy R =1. Jocmigumo
Terep 30LKHICTD PsIy Ha KIHIISIX 1HTEpBay 301KHOCTI, TOOTO B Toukax X =11
x=-1.
[MincraBmnsiroun B ganuii psa X = |, orpumMaemMo po30iKHUIA y3araabHEeHUI
rapMOHIYHUI ps:
1 1

1
\/I+\E+ +...+ﬁ+...

ks

(ockimpku p = — <1).

B Touni X = —1 oTpuMaeMo 3HAKONIOYEPEKHUH Psil

BB



SIKMH 30IracThCs Ha OCHOBI 03Haku JleiioHima.

Binnosigs. O6macTo 301KHOCTI JAHOTO PSAY € iHTepBal
-1<x<1.

Psoom Tevinopa nns dyukuii f(X) B okoisi TOUKHM & Ha3UBAETHCS

CTENEHEBUH psill, AKUN Ma€ BUTIISA:

f'(a) f'(a)

f(x)=f(a)+ ——(x—-a) +
11

n
—(x-a) +..(112)
n!
Ockinbku pisauns Mixk f(X) icymoro n +1 unenis psiny Teiinopa €

(x —a)2 +t

JONATKOBUH ueH [y, (X) , TO, 04EBUIHO: ISl TOTO, OO MPH EAKOMY 3Ha4eHHi X
JiiicHo Majo micie paskinaganus (1.12), HeoOXiqHO 1 JOCTATHRO, 00 JOAATKOBUI
el Iy (X) popmynu Teiinopa — npu npomy 3HaueHHi X — HaOMMKABCA 10 HYIS
31 3pocTaHHsIM N :
lim r,(x)=0. (1.13)
N—o0

Haiiyacrime JOBOJUTHCS MaTy CIipaBy 3 BUMaaAKoM, ko a =0 1
¢bynkuis f(X) posknagaersbes B psi 6e3n0cepeHbO 3a CTeneHaMu X

o 12 1o,
X + X +.+—Xx +..(1.14)
1! 21 n!

et psin 3BUUaiiHO HA3UBAIOTh psrdom Maxnopena.

TakuMm yuHOM, I po3KiagaHHs ganoi ¢yukuii B psg Teinopa (abo
Maksnopena) Tpeba:

1) Hanucatu psip Teinopa st nanoi GyHkuii, TOOTO, 0GUUCIUTH
3Ha4eHHS 1€l QyHKIT 1 11 MOXiMHUX PU X = @ 1 MiJICTaBUTH 1X Yy 3arajibHUA
Bupas psay Teitmopa (1.12) mist A0BiAbHOT BYHKIIIT;

f(x) = f(0) +

2) TOCTIUTH 3aJIUIIIKOBHH YICH M dhopmynu Teitnmopa st qanoi

(hyHKIIT 1 BU3HAYUTH CYKYITHICTh 3HAYeHb X , IPH SIKUX OTPUMAHUUN PsiT
30iraeTbest 10 naHol GyHKii, TOOTO MPHU SIKMX BUKOHYETHCS CITiBBITHOILICHHS
(1.13).

Banumikosuit unen I, (X) mpu mpomy 3a3Buuaii 3amucyots y dopmi

Jlarpanixa:

(n+1)
f Q) n+l
MmMX)=——(x-a) 7, a<Q<x. (1.15)
(n+1)!
Just Garatbox (hyHKIIH, SIKi BAKOPUCTOBYIOTBCS Y TIPAKTUYHUX
3aCTOCYBaHHSIX MaTEeMaTHYHOTO aHaNi3y, iHTepBai 30ixHOCTI pany Teitnopa



TIOBHICTIO CITIBIIAAA€ 3 CYKYIHICTIO THX 3Ha4eHb X , IPH SIKMX BiAIOBITHUI
3aNMIIKOBHH wieH I, — 0, konu N — 00, T00TO /s 6aratbox PyHKUiH KOXKHA

Touka X 30DkHOCTI psny Telnopa € 1 TOUKOI0 301KHOCTI LHOTO psiAy A0 GyHKi,
1o Horo mopoxamna. ToMmy mpu po3kiIaganHi 6arateox QyHKIiH y psag Teitmopa
MOJKHA 3aMiICTh JOCII/UKEHHS BiAMOBIAHOTO 3aJMIIKOBOTO WIEHA [y , 1O B
0araThbOX BUMAJKax 3arajoM Ba)XKO, JOCIIKyBaTh 301KHICTh CAMOTO PSIY

Telnopa, K 3BU4allHOTO CTEIIEHEBOTO PALY.
Hagenemo posxnamanss y psg Teitnmopa HacTynHUX (QyHKITi:

X X2 X3
e =1+X+—+—+..,, <0<X<0; (1.16)
2! 3l
3 5 7
X X X
SiINX=X——+———+...,, -0<X<©; (2.17)
31 51 7!
2 4 6
X X X
coSX=1-—+———+4..., 0<X<00; (1.18)
21 41 6!
2 3 4
X X
INnl+x)=x——+——-——+..,, -1<x<1, (1.19)
2 3 4
3 5 7
X X X
arctgx =X ——+ ——-—+..,, -1<x<1; (1.20)
3 5 7

m(m —1) x2 . m(m —1)(m - 2) x3 .

2! 3!

Ile ocranHe po3kiagaHHs MpUIATHE:
Ipu m>0 , saxmo —1< X <1;
npu —1<m< 0, skmo —1< x <1,
npu M < -1, axkmo —1< X <1.

[puxnaa. O6uucauty 3 TouHicTio 10 0,001 wncmo €.

Po3B’s3anns. Ckopuctaemocs po3kiaganasM (1.16), migctaBuBmm B
HBOro X =1.

OTtpumaemo

1+ x)m =1+mx+

(1.21)



1 1
e=1+14+—+—+..+—+..

2! 3! n!
V3sgBmm niepmri N + 1 4iieHiB, oTpUMaeMo MPHOIN3HY HEPiBHICTh
1 1
exl+l+—+—+..4+—.
2! 3! n!

OmianMo MOXUOKY HAONKEHHS 32 TOTIOMOTOI0 3AJIAIIKOBOTO WICHA ALY

Maxksnopena. OcKijbKH f(n+l) x) = eX , TO I (X) = eC . Xn+1 /(n+1)!,

c c
1n +1 €

) (n+1)!

O0<c<1.Mpu X =1 maemo I, (1) = , 0<c<1.

(n +l)!.

c 1
Bepyun no yBarm, mo € <€ < 3, OTpUMaeMo:

no < .
(n+1)!
Sxmo n=5, To
3 1
=——>0,001,
G+ 240
a gk N =6, To
3 1
=——<0,001.
(6+1)! 1680

Tomy [ist AOCSITHEHHS HEOOXITHOT TOYHOCTI JJOCTATHBO B3ATH N = 6.
Takum unHOM, 3 TouHIicTIO 10 0,001 Maemo

1 1 1 1 1
exl+1l4+—+—+—+—+—.
2! 31 41 5! 6!
Koxxuuit 10oMaHOK BUIMINEMO 3 OJHHM JOJATKOBUM 3HAKOM, II[OO 10

HaIIo1 MOMUJIKK HE JI0JIaBAJIMCh TIOMMJIKH BiJI OKPYIJICHHS JIO/IaHKIB!
e ~1,0000 + 1,0000 + 0,5000 + 0,1667 + 0,0417 + 0,0083 + 0,0014 = 2, 7181.

Bignosiges. € = 2,718 3 tounictio 1o 0,001.
Mpuknag. O6uucnutu Sin 180 3 TounicTio 10 0,0001.

, 0 . .
Po3p’sa3anns. [lepeBomsun 18 y pamiaHu i BUKOPHUCTOBYOUH
posknananns (1.17), orpumaemo:



T 7'53 7'[5

sin180 —sin~-"~_ T T __
10 10 3110% 510°
OTpumaHuii psiji 3HAKOIOYCPESIKHUH, HOTO WICHH CHAAI0Th 3a
a0COJIFOTHOIO BEJIMYMHOIO 1 CIITBHUH WICH HAOIMKAETHCS 10 HYJIS, TOOTO
BUKOHYIOThCSI BCi yMOBH 0o3Haku JleitOHina. L{i o0cTaBuHM MONETIIYIOTh
JIOCJIJIKCHHS, OCKIIBKH 0CTa4a Psy HE MEPEBHIIYE MEPIIOTO BIIKUHYTOTO YWICHA.

3
T T
OCKIiNbKH > 0,0001, —5 < 0,0001, To 3 Tounictio 10 0,0001
3!103 5110
OTPUMAEMO:
3
.0 T T
sin18” ~ — — 3= 0,31416 — 0,00517 = 0,30899.
10 310
Bignosigs. Sin 180 ~ 0,3090.
II 06 i ? - i 0,001
pI/IKHa[[. YUCIUTHU lHTeraJ'I —p———= 3 TOYHICTIO J10 VU,
0243 + x

HIIIXOM PO3KJIaJaHHs MiAIHTerpaibHOl QYHKIIT y CTENeHEBUM P,
Po3p’s3aHHs. besnocepenHe 3actocyBanHs pana (1.21) mo po3kiagaHHs
nigiHTerpanbHoi GyHKIIT He MOXKIIMBE Yepe3 JIBl MPUIMHHU:

. . m
[Mo-nepie, y 6iHomi (1+ X)  OCHOBa MOBHHHA OYTH MPEACTABICHA Y
BUIJISA/II CyMHU OJIMHHMLI 1 3MiHHOT; IO-ApYyre, Biapi3ok iHnTerpyBanHs [0,2]

BUXOJIMTh 32 MEXi 00J1acTi 301KHOCTI OiHOMIianbHOTO psiy. BpaxoBytoun Ha3BaHi
MPOTUPIYYSI, BAKOHAEMO TIEPETBOPEHHSI i/l JaHUM IHTETrpajoM.

I ? dx ? dx 1 ? dx
0243 x> O K2 2430 N

243(1+ —) 1+ =
243 3

X

3pobumo 3aminy. Hexait — =t. Tomi X =3t, dx = 3dt. Skmo X =0,
3
10 t =0; axmo x=2 X =2, 10 t = —. IuTerpan npuitmMae BUTIA

3



wIin

1
J(1+t5) 2 dt .

wIN

1

2 [0\/1+t

[MigiaTerpansHy QYHKIIO PO3KIAEMO B CTCTICHEBHUH P 32 (GOPMYIOI0

m m(m -1
(1+x)m:1+—x+¥x2+..., xe(-11].
1! 2!
OTtpumaemMo
1 1 1 1 1 1
1 . | p— |
) 2 2 2 2 2 2
(1+t5) 2 _14 t5+ th+ t15+
1! 2! 3!
1 1-3 1-3-5
+...:1——t5+ 5 th_ 3 t15+...,—1<t£1.
2-1 272! 23!

2

:l BXOJIUTH 0 001acTi 301’KHOCTI

3

OTPHUMAHOI'O pAAY, OTKC, HOro MOXKHA ITOWICHHO iHTerpyBaTI/IZ

2
13 1 1.3 1.3.5

- ]|t R e
3ol 2

Binpi3ok iHTeTpyBaHHS |:0,

a1 2221 2% .31
1 L 3 & 1.3.5.¢18 %
= - + .. =
3\f Tome 22.om1 2.3n16 0
1 16
2 2
z 1.3.] = 1.3.5.] =
1)z \3) 3 3) |
3|3 2.116 2°.2111 2% 3116
1 (2 22 1322 1.3.58

= — + — +...
3fals w6.3°% 211.3  3u6.3°




OCKiTbKH OTPUMAHUI YUCIOBHUI PSJI € 3HAKOTIOYSPEIKHUM, TO IS
. -3 .
obOuncienns 3 TouHicTio E =10 ~ nmoctatHRO 30€pertu Take 4Hcio YiICHiB, 00

.. . -3 .
HepInuii 3 BiikuHyTHX OyB MeHiue, Hixk 10 . ITocnigoBHO 004MCITIOEMO WiIeHN
psna, IOKK He BUKOHA€ETHCS HepiBHiCTL

3

u, <10
Sf
Uy <3 3.10° <5,2.10 .

OOuncneHHs BeIeMO 3 OHI€I0 3armacHO0 NU(QPOIo (3 YOTUpMa 3HAKaMHU
micist komu). OTpuMaeMo

|~ 0,1925(0, 6667 — 0,0073 + 0,0004 —...).

TOOTO

Ockinbku Ug = 0,0004 < 5,2 ~1O_3, TO 30epiraeMo y npasiii yacTuHi

OCTaHHBOI PIBHOCTI /1Ba 1oJaHKU. OCTaTOYHO OTPUMYEMO
2

dx
=] —
0 5
\a243+ X

3 yciMa BIpHUMH 3HaKaMH.

~0,1925(0,6667 — 0,0073) = 0, 2693 ~ 0, 269

2

Mpuknan. OGuucIuTy inTerpan | e X dx , POKIIAIAI09H MiAIHTETPATBHY
0

(GyHKLIIO y CTeTIeHeBUil sl | BUKOPUCTOBYIOUYH CIM YJICHIB IIbOTO PO3KIIaACHHS.
Po3p’s3anns. CkopuctaBmuch Gopmymnoro (1.16), orpumaemo:

2 3 n
SO L I I 5 AP
e X =1+ + + ot +...:1—X—+X——X—+...+(71) X _ ..
1 21 3! n! 2 3 n!
Le#t psn 30iraerscst mpu Oyne-sikomy X. IlpoiHTerpyBaBIIM IOYIEHHO

Horo rnepiii ciM 4JIeHiB, OTPUMAEMO:

1 13
T Y PR ST S UG S N
0° 137215 317 419 511 euz|! 0
11 1 1 1 1
o (1.23)

3 10 42 216 1320 9360



OmiHnMO ocTavy psmy 7. B cmiry Teopemu JlefiOHina

15 1

X 1
7= 755 | 0=7s600
BpaxoByto4s TOUHICTb OI[IHKH (YOTHPH BipHUX 3HAKA MIiCIs KOMH),
o0uncroeMo cymy (1.23) 3 m’aThMa 3HAKaMU MiCIIs KOMH (3 OJIHUM 3aacHUM
3HaKoM). OCTaTOYHO OTPUMAEMO
1 2

| e—X ~1-0,33333 + 0,10000 - 0, 02381 + 0,00463 — 0,00076 + 0,00011 =
0

<0,0000133<1,5-107°.

=0,74684 ~ 0, 7468

3 yciMa BipHUMH 3HaKaMH. [loMiTHMO, 10 B HaBEACHOMY IPHUKIAIL
obuncienHto cymu (1.23) mepemaye oriHka ocTadi psaa.

y}o In(1X+ X) 4
0

[Mpuknax. O6uucnuty inTerpan |= X 3 TounicTio 10 E =10

NUIIXOM PO3KIIAAAaHHS MiiHTeTpatbHOI QYHKINI B CTETICHEBUH P
Po3B’s3anns. 3podumo 3aMiHy B miginTerpanbHomy Bupasi In(1l + X)
fioro posknananssm (1.19) B creneHeBuii psaa. Taka 3aMiHa JOMYCTHMA, OCKITTBKU

BIZIPI30K iHTErpyBaHHs [0;0,1] BXOJIUTD B IHTEpBAJ (—1;1) 301KHOCTI I[bOTO

pany.

Otpumaemo
01n(1+ x) 011 NN
=] ——Tdx=] | X-——+———+..|dx=
0 X 0 x 2 3 4
3 2 3 4
X X X X X X ,
:j 1-—+———+. [dX=[ X—+———+ .. ‘ 0 = (1.24)
2 3 4 4 9 16
0,01 0,001 0,0001
=0,1- + - + ...
4 9 16

OCKiNbKY OTPIMAaHUI YUCTIOBHH A € 3HAKOIIOUEPEKHNUM, TO JTOCTATHHO

. . . —4
o0paTH Take YMCIIO WICHIB, 1100 Nepiuii 3 BITKUHYTHX OyB MeHmie, Hix 10 .
ITiif yMOBi 32/10BOJIbHSIE YETBEPTHH YJI€H, TOMY IIIO



0,0001 1 -4
= <10 .
16 160000
[Migpaxyemo cymy Tppox mepumux uieHiB (1.24). Obuncnenss OyaeMo
BECTH 3 1T’ SITbMa 3HAKaMH MICJII KOMH, @ OCTaTOYHY BiAIIOBiAb OKPYTINMO:

0,01 0,001
- +

4 9
Bignosins: |1 = 0,00976 .

Cuij 3ayBa)KuTH, 110 Y BUNIAJKaX, NOAIOHUX JI0 PO3IIISTHYTOTO MPUKJIALY,
MPaKTUYHO HEMa€e MOTPeOH 3a31ajerih BU3HAYATH IEePIIUii 3 BIIKHHYTHX
eneMmenTiB. Jlerme mocnigoBHO oOumcIOBaTH WieHH pany (1.24) npu BiamoBimHUX
3HA4eHHAX X JI0 THX IIip, TOKH HE AIHAEMO 10 WieHa psay, abCOIIOTHA BEIMUMHA
SIKOTO MEHIIIE 3aJ]aH01 MOXUOKH.

Bukitanemo Ternep Ha MpHUKIIaax METOJ] 3HAXOKEHHS HaOJIM)KEHOTO
PO3B’s3Ky AudepeHIiaIbHOTO PIBHIHHS 3a TOTIOMOroro psiaiB. el meron
NPUAATHUH U1 HAOIIDKEHOTO pO3B’sI3aHHA Ar(epeHIIIaNbHOTO PiBHIHHS OYAb-
AKOTO TIOPSAIKY.

Po3B’s130K mudepeHIiaabHOTo piBHIHHI MOKE B 0araThOX BHITAIKaX OyTH
MPE/ICTABICHUH y BUIIIAI CTEIICHEBOTO PAAY, SIKUH 30ira€Thcs Ha IEBHOMY
irTepBai. KoedinieHTH 1IOTO psIy MOKHA 3HAWTH METOIOM, SIKUH CIIUPAEThCS HA
3acTocyBaHHA psaay Teiopa, BIAMOBIIHO 0 SKOTO, IIYKaHHUHA PO3B’I30K
nubepeHItiansHoro piBasHasA Y = Y(X) Mae BUTISAA:
y'(Xg) 2 ¥"(xp)
(x=xg) +

2! 3!
[puknaa. 3HaiiTH IEpIIi YOTHPHU WIeHA PO3KIATAHHS Y CTCTICHEBUH P

1=0,1 ~ 0,10000 - 0, 00250 + 0,00011 = 0,09761 .

Y(X) = Y(xg) + Y (¢g)(x ~Xg) + (x=xp)° +.. (1.25)

. . .2 .
PO3B’s3Ky AudepeHLianbHOro piBHAHHES Y' =Y  + X(X +1) 3a moyaTtkoBoi yMOBH

y(0) =1.
Po3B’s3anns. Hexait Gynkuis, sky urykaemo, Y(X) po3kiaaeHa y psij
MaknopeHna:

y'(0) 2 y(n)

X 4.+ xn + ... (1.26)

y(x) =y(0) +y'(0) - x +
n!
[Nepmmit koediieHT JaH B yMOBI 3a/1a4i, APYyruil OTPUMAEMO Iij1 4ac
MiJICTAHOBKH B1IOMUX BEJIMYMH B JJaHE PiBHSHHS

2
y'(0) =[y©] +0-©+1=1,



a  HacTymHi  Koe]iIieHTH  3HalAeMO  MUIIXOM  MOCIiIOBHOTO
I(EepEeHITIFOBAaHHS TaHOTO PIBHSIHHS

"=2yy'+ 2x +1;
m l2 " I2 n .
y =20y  +y-y)+2=2(y" +yy"+1);
3Bigcu mpu X = 0 oTpumaemo:

y"(0) =2y(0)-y'(0)+2-0+1=3;

y"(0) = 2(12 +1-3+1)=10.
[igcraBnsroun 1i 3Ha4eHHA KoedinieHTiB B psax Makiopena (1.26),
OTPUMAEMO PO3KJIAIAHHS, SKE IIYKAIU, Y BUTIISAIL

32 53
y=1l+X+—X +—X +...
2 3
32 53
BigmoBigs. Yy #1+ X +—X +—X .
2 3

[Mpuknaza. 3anucaTy nepuii MicTh HEHYJIbOBUX WICHIB PO3KJIaICHHS B

CTETICHEBUIA psil po3B’si3Ky Y = Y(X) audepiHiianbHOro piBHIHHSI Y" = X + Y
3a mouyatkoBux ymoB y(0) =0, y'(0) =1.
Po3p’s3anss. [Ipnbnu3HMiA po3B’ 130K OyAeMO OTYKATH Y BUTIIAIL PALY
(1.26). 3a nanumu 3ana4i Bigpasy maemo: y(0) =0; y'(0) =1; y"(0) =0.
Hauti, mocmigoBHO Au(EPEHIIIOI0YH, OTPUMAEMO:

y"=1+2y-y'; y"(0) =1;
yWooay.ymay? v 0 =2;
yV=2y~y'"+6y'-y"; yV(0)=0;
yV1 =2y- ylv +8y"hy"+ 6y“2 : yV1(0) =8,
YL oy Y pay Y oy yY ooyt yVH0) = 20;
yV111 =2y- yV1 +12y" yV +30y" ylv + 20y"2; yVlll(O) =20.

[MincraBuBmm y psx (1.26) 3HaiineHi 3HAYSHHAS, OTPUMAEMO HAOIVHKEHUH
PO3B’S30K HAIIO1 3a7a4i:

3 4 6 7 8
X X X X X

y(X) =X+ —+—+—+—+—+...
12 90 252 2016



3 4 6 7 8
X X X X X

BimnoBine. Y(X) ® X+ —+ — 4+ — 4+ —+ ——.
12 90 252 2016

1.3 P ©yp’e

IMepexoauMo 10 MUTaHb PO3KIafanHs QpyHKIil B psiau Oyp’e.

Hexaii Ha fesxomy npoMixky [—/, (] samana dynkuis f(x). HocraBumo
[UTAHHS, YU HE MOXKHA MO0y yBaTU TAKUI TPUTOHOMETPUYHUIA s, IKU Ha
IbOMY NPOMiXKY 36iraBcsi 6 10 ymkuii f(X) ? Sk 3naiitu koediuientn a,, i by,
Takoro psay?

Ha i muTanHst nonomarae Bignosictu teopema: sximio Gyskmis f(X)

Moyke OyTH po3KiIajicHa B piBHOMIpHO 301KHUIT Ha BCiil YMCIOBIN Oci
TPUTOHOMETPUYHUH P

a 0
f(x)=_0+ 3 (an cosﬂx+bn sinMXJ, (1.27)
2 n=1 ¢ (

TO Koe(illieHTH IIbOTO PSIY 3HAXOAATHCS 32 (hopMyJIaMH

4
1/ n7mx
ap=—1 f(x)cos—dx, (1.28)
00 4
1! nmx
by=—1 f(x)sin—dx,
=0 ¢

Leii psia Ha3UBAETHCS psidom Pyp e s Gyl f(X), ag.ap, by -
koedinientn dyp’e.

dopmanbHO, U1 Oyab-AK01 PYHKIIII, IKa IHTETrpPy€eTHCS Ha IPOMIKKY
[—€ , €] MoxHa ckiacTH psag Oyp’e. OnHak, MiX QYHKITEO 1 UM PSAOM He

3aBXKIU MOYKHA TIOCTABUTHU 3HAK PiBHOCTI.

HacrymHa Teopema ae JOCTaTHI YMOBH JUIsl PO3KIIaiaHHs GYHKINT B psifl
Dyp’e.

Teopema Hupuxne. SIxkmo nepiognuna ¢pyukiis f(x) mae mepion T = 2/

ie HENIEPECPBHOIO abo Mae KiHHeBe YHCJIO TOYOK PO3PUBY Ta KiHIIGBG YHUCJIO



eKCTpeMyMiB, To psag Pyp’e, mobynoBanuit 1y i€l PyHKIIIT, 30iraeThcs B yCix
toukax. Cyma oTpuMaHoro psay S(X) aopiBHioe 3HauenHio Gpynkuii f(X) B

TOYKaX HerepepBHOCTI GyHKil. B Toukax po3puBy ¢pyukuii f(X) cyma psamy
JIOPIiBHIOE cepenHboMy apudmeTnaHoMy rpanullb ¢yHkiii f(X) cmpasa i 37iBa,
TOOTO, SIKIO X = C - TOYKa po3pHuBY (PyHKLIi, TO
f(c—0)+f(c+0)
() |- -

X=C 2

[pumitku:
1. ko f(X) - napua QpyHKIis, TO

2¢ nmx

b, =0, a, :fjf(x)cos—dx, (1.29)
¢0 ¢
a ToMy
a ® nnX
f(x):—0+ 2 a cos—. (1.30)
2 n=1 4
2. Slkmo f(X) - HenmapHa QyHKIs, TO
2 ¢ . hnX
ao :an :0, bn :?éf(x)ﬂanX, (131)
a TOMY PO3KJIaIaHHsI Ma€ BUTIIS:
£(x)= X bysin—— (1.32)
2 Pn - .

3. dyHKIis, sSKa 3ajaHa Ha IHTepBaJl [O, ¢ ] Moyke OyTH pO3KIajJieHa B
3aJIS)KHOCTI BiJI BUMOTH a00 TUTBKH B sl KOCHHYCIB, a00 TITBKU B s CHHYCIB.
Jist 11bOT0 BOHA MOBHMHHA OYTH MPOIOBKEHA HA IHTepBa [—€ , O] a00 sIK mapHa,

a0o0 sk HemapHa QyHKILIS.
4.Tlpn ¢ = Qpopmynu po3kiananus B psit Pyp’e MalOTh BUTIIA:

f (x) = aZO + noZil(an cosnx + by, sin nx), (1.33)
Jec
a :E ? f(x)dx;
7T —T



]_ T
— I ( )cosnxdx, n=1,2,... (1.34)
™ —

! ? f(x)sin nxdx, n=1,2, ...

[puxnan. Poskmactu B psag @yp’e QyHKIIIO, SKa 3aaHa Ha IHTEpBaTi
. 2
[—l; 1] PiBHAHHAM f(X) =X .
Po3B’s3anHsa. DyHKIIIS, KA PO3IIISIAETHCS, € TAPHOIO0, TOMY

BUKOpHCcTaeMo Gopmynn (1.29), (1.30) mpu ¢ =1. Otpumaemo

21 5 X3 1 2
ag=—[x"dx=2-— 0=
10 3 3,
.
= 2] x" cos nnxdx.
0
JIBiui iHTErpy€eMO 110 YacTHHAX
lLu= x2 dv = cos nmxdx, du = 2xdX, v = — €0s Nmx
nn
2
2x 1 41 41
— — [ xsin nxdx = —— [ x sin nuxdx;
nr 0

ap = ——sinnmx
nr 0

nm
) 1
2. U = X, dv = sin nmxdx, du = dx, v = — — €0S Nmtx
nm

4x 1 4 1 4
ap = —5 7 COSNTX | — 5 | cosnaxdx = —— (1)
nm nm
Otxe,
n
1 4 » (-1
f(x) 7+—22 »— COS N7X
3 g°n=l
Bigmosigs.
1 4 cos2nmx cos3mX  CcoS4mX
f(x):f——2 COS TTX — >+ >~ 5t |-
3 = 2 3 4



[puxnan. Poskmactu B psin @yp’e pyHKIIIO, 3a7aHy Ha iHTEpBaTi [O; 2]

X
PiBHAHHAM f(X) =X-—",
2
Po3p’s3annss. @yHKIS MoXke OyTH po3kianeHa B psix Oyp’e BETHKOO
KUTBKICTIO crtoco0iB. HaBememo aBa HaOLIbIT BaXKIMBUAX BapiaHTa pPO3KIaJaHHS.

1. JoBu3HadaeMo GYHKIIO Ha iHTEpBaTi [—2; O] MapHUM crtocobom. 3
¢dopmyn (1.29), (1.30) maemo ipu £ = 2

2 X2 X2 1 3 2 2
ao_I X—— [dx=| ——-—X | 0=
0 2 2 6 3

IHTery€MO 10 YaCTHHAaX:

) Nmx 2 X
Uu=X-—X ,dv:cos—dx,du:(l—x)dx,v:—sm—;
2 2 nr 2
2 X2 _nnx 2 22 _nnx
ap =—| x—— [sin— 0——](1—x)sm—dx:
nm 2 2 nx 0 2
22 _ nnx
=——[(1-x)sin—dx.
nr O 2
IIle pa3 iHTErpyeMO MO YacTHHAX:
_ nnX 2 nmx
u=1-x,dv=sin—adx,du=dx,v=—-—cos—,
2 nm 2
4 nmx 2 4 2 nax 4 4
an =ﬁ(l—X)COS— 0+*2—Zf0087dx=—*2—2005nn—*2—2=
nm 2 n“n- 0 2 nn nm

Taxkum 4rHOM,



n
f(x) 1 4 §1+(—1) NnmX

=———5 ——=——C0S—.
3 nzn:]- n2 2
Bigmosins:
1 4 1 1 1
f(x)z - 7005nx+—20052nx+—20053nx+... .
3 x 2 6

2. loBuznauaemo ¢ynkiito f(X) na intepai [—2;0] HeTapHUM

cniocobom. Bukopucraemo ¢popmynu (1.31), (1.32):

9 2
nmX
bn:J x — X |sin——dx;
0 2 2
2
X _ X 2 NmX
u=x——;dv:sm—dx;du:(l—x)dx;v=——cos—;
2 2 nm 2
2 2
2 X nmx 22 nmx
by =——| x—"— [cos— | +—I(l x)cos—dx
nn 2 2 0 ngo 2
NnmX 2  nnx
u=1-x;dv =cos—dx;du = -dx;v =—sin—;
2 nw 2
b 4 (1 ) nx |2 4 ? nTer 8 nx 2
= —-X)sin— | + sin—dx = — oS ——
n
n27'c2 2 0 n27'c20 2 n37c3 2 0

38 3 [1—(—1)'1]&1” =0,(n=123..).

nm
Takum 4rHOM,

f( ):% § %sm—x
n=l q 2



] ) 16( mx 1 3nx 1 51X
&mmwfhkkéym—+§m——+§m——+“.
T 2 3 2 5 2

X
IMpuknan. Posknactu B psiny @yp’e dpyukiito T (X) = — Ha IHTepBaJi

(0.2).

Po3p’s3anns. [lana QyHKIIisS HEe mapHa i He HEMapHa, TOMY OOYHCITIOEMO 11
koedimieaTn Oyp’e 3a crninbHIME Popmynamu (1.27), (1.28), mpumyckaroun, mo
¢ =7 10epyun rpaHunsamMu iHTerpaniB 01 27, ocKiIbKH (QYHKLIS 3a]aHa B

iHTEpBai (0, 271;) :

12mx 1(x 2 g2
ap =— | —cosnxdx =—| —sinnx | — — [ sinnxdx

w02 2z \ n 0 no
1
Y
2 0
27N
n=123,..
12nx 1 (sinnx  xcosnx ) 2F 1
by =— | —sinnxdx = — R | =——.
n 02 2\ n n 0 n

st o0uncIIeHHs iHTerpaliiB Oy BUKOPHCTaHI POPMYITH iHTErpyBaHHS
10 YaCTHHAX.

[MincraBisiroun 3HaUYEHHS KOSQIIiEHTIB ag, ap 1 bn y

TpuronomeTpuuHuii psiz (1.27), orpuMaemo 1ykaHe po3kiajanHs qaHoi GyHKIil B
psang @yp’e:

X m % sinnx
z

2 2 n=l
T sin2x  sin3x
Binnosins: (X) =——-SinX— - -
2 2 3

IMpuknaxn. Posknactu B psig @yp’e 3a cunycamu QyHKIio



f(x): X,0<x <1,

2-x,1<x<2
Po3B’s3anns. 300pa3umo rpadik Gpyskmii (puc. 1.1)

Ya

v

0 1 2 X

Pucynox 1.1

11106 po3kiaganus ¢yHKLIl B psin Pyp’e MICTHIO TINBKU CHHYCH,

HeoOximHO, 06 11 GyHKIis Oyina HemapHoto. [IpogoBxumo nany yskuiro f (X)

Ha BIZIpi3Ky [—2; 0] HemapHUM criocoboM (puc. 1.2).

A 4

-2\}/012

Pucynok 1.2
Ckopuctaemocs ¢popmynamu (1.31) 1 (1.32). dns 3amganoi ¢pyHKIii nepion
T=4, oTxe, { = 2, Tomi

21 nnx 22 nnx
by =—[xsin—adx + 4(2 - x)sm—dx =l + 1,
20 2 21 2
OtpuMaHi iHTErpaiy Bi3bMEMO 110 YaCTHHAX:

1 u=x;du =dx
_nnx
|1:Ixsm—dx: . hnx 2 nmx | =
0 2 dv =sin—dx;v = ——cos—
2 nm 2



2X nmx L 21 nax 2 nm 4 nmx L

=——C0S—— +—[cos—dx———cos—+7—25|n— =
nm 2 0 npro 2 nm 2 2 0

2 nmw 4 nn
=——C0S— + —5 o Sin—
nin 2 7wn 2;
2 u=2-x;du =dx
_nmx
|2:{(2—x)sm—dx— 2 nex | =— cos—— | -

2 dv—sm—dx V=—-—C0S— nm 2
2 nn 2

I nnxd 2 nm 4  nnx 2 2 nm 4
—-— ] cos— x——cos—fﬁsm =—C0S— — — 5 sinnm+
nml 2 m 2 2 0 m 2 n%n

2 nm 4 2 nm 4 nn 8 . nn
=——C0S— 4+ —5—5SIN— + —C0S— + —5—5 SIN— = —5—-SiIn—
mn 2 n2n2 2 nn 2 n2n2 2 n2n2 2

Otpumane 3nauenns b, migcrasumo B (1.32).

Otpumaemo

8 1 3= 1  b5mx 1  7nx
Binnosigs: f(x)=7 -~ Sin—+ —&sin— ——sin—+... |

PO3/IUJI 2. MATEPIAJIN JUUISI IIITOTOBKU 1O MOJIYJILHOT
KOHTPOJILHOI POBOTU

2.1 InauBiayasibHI 3aBIaHHS



Po3B’s13aTH y BimnoBigHOCTI 10 mmdpy HACTYIHI II’ATh 3aBAaHb. JlaHi mis
BHOOPY KOHKPETHUX HOMEPIB B3:Ti 3 Tabmumi A.1, HaBeZeHOT y TomaTKy A.

o0

421-430. ocniautu 301KHICTh YUCIOBOTO PSIIY Zl Up -
n=

n+3
421 Un:‘37
n -2
423 !
LUy =———
n
(2n+1)2—1
3
n
425, Uy =—
e
47 2n+1
. Un :7n
¢n2
1
429. u

" 4 1)In(n + 1)

A
422, Uy = —
"
n
424. u, =
" n)
1
426. up, = 5
(n+1)[In(n +1)]
2
n
428. up, =
(3n)!
n+l
430. up =
(n+1)!

o0

431-440. 3naiiTu iHTepBaN 301)KHOCTI CTETICHEBOTO PSIIY Zlan X
n=

Yn )"

431. a, =
n!
2n)!
433. ap = ( n)
n
n
435. a, =

3"(n+1)

3
434 ap =—

n

432. a,, =
n(n+1)

n-n!

(n+1"



n
1 n+1
437. ap =| 1+ — 438. ap, =

n 3 (n+2)
439 A 440 nte
. an = —_— . an =
J2"@n -1 n(n +1)
b

441-450. O6uncnuty Bu3HadyeHuii interpan | f(x)dx 3 Tounictio 1o 0,001,
0

PO3KJIABIIH MiAIHTETpaTbHY (GYHKIIIO B CTETICHEBHUH PSIII 1 ITOTIM
MPOIHTErPYBaTH HOTO NMOYJICHHO.

x2
441. f(x) =e 3 b=1 442, f(x) =cosvx,b=1
In(1+x2)
443. f(x) = x -arctgx,b =0,5 444, f(x) =—,b=0,5
X
445. £(x) = xIn(L— x),b = 0,5 446. f(x) =x -¢ b =0,5
2 .2
447. f(x) =arctgx ,b=0,5 448. f(x) =sinx ,b =1
sin x 2
449. f(x)=———,b=0,5 450. f(x)=V1+x",b=0,5
X

451-460. 3naiiTa TpU NEPIINX, BIIMIHHUX BiJl HYIIS pO3KIIaJaHHS Y
CTEeTeHeBHit psijt po3B’si3Ky Y = Y(X) audepeHItianbHOTO PiBHSIHHS

y'=f(X,y), ke 3anoBonbHs€e mo4arkosiit ymosi Y(0) = Yo-
451 y‘:cosx+y2;y(0):1. 452. y':eX+y2;y(O):0.
453. y':y+y2;y(0)=3 . 454, y':2ey—xy;y(0):0.



4%.Y:§nx+y%y®):l. 456. Y:ex+yww):4
4W.y:x2+yay®):z 4%.y5ﬂmx+05y%yW):L
4%.Y:2gﬁxww®:0. 4%.Y=x+x2+y%ﬂm:5

461-470. Posknactu nany ¢yskuito f(X) B psg @yp’e Ha inTepBani (a, b) .

461. f(x)=x+1 Ha iHTepBaJi (—Tc, TC) .

462. f(x) = X2 +1 Ha iHTepBai (—2,2).

463. f(x) = T Ha iHTepBai (—TE, n).
2

464. £(x)=1+|x] na inrepaani (-1,1).

0, —mt<x<0, .
465. f(x) = aigrepsBani \ -7, 7).
(x) {X, 0<x<m Ha IHTEPB (nn)

466. f(x) = [1- ¥ na inrepaani (-2,2).
467. (x) =| wa inrepeari (—m, 7).
468. f(x)=x -1 ua inrepaani (~1,1).
469, (x) = x° ua intepsari (0, 21).

2, -m<x<0
470. f(x) = {l 0n<<x “ Ha IHTepBaJi . (—TC, Tc).



HoeoNoookwhE

27.

28.
29.
30.
31.
32.

33.
34.
35.

0.
. Jlpyra o3Haka NOpiBHSIHHS PSAIB 3 JIOJATHUMH YICHAMH.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24,
25.

26.

2.2 Ilepenik TEOPETUIHUX 3AMMUTAHB 10 MOAYIHHOI KOHTPOIBHOL
poboTtu

[ocninoBHOCTI. AprdMeTHyHi Aii 3 TOCIIIOBHOCTSIMHU.
OOMeskeHi Ta MOHOTOHHI TIOCJTiIOBHOCTI.

I'pannmi mocriTOBHOCTEH.

YucnoBi psaw, 301KHICTD 1 cyMa psy.

HeoOxigHa ymMoBa 301KHOCTI YHCIIOBOTO PSAY.
I'eomerpuyaHa mporpecis.

VY3aranpHEeHUI TapMOHIYHAN DAL,

IapMoHiuHMi paf i Horo 301KHICTS.

BrnactuBoCTI 301KHUX YHUCIIOBUX PSIIB.

[Tepia o3Haka MOPIBHAHHS PSIIB 3 TOJATHUMH YICHAMHU.

O3naka [lanambepa.

InTerpanbHa 03HaKa 301KHOCTI YUCIOBUX PSIIIB 3 JOAATHUMHU YIICHAMH.
PamnkansHa 03HaKa 301KHOCTI YUCIIOBUX PSIIIB 3 JOAATHUMH WICHAMHU.
3nrako3MiHHI psan. O3Haka JIeHOHHIIS.

AOcomroTHa Ta YMOBHA 301KHICTH 3HAKO3MIHHHX PSIB.
OyukioHaNbHI psaau. O6macTh 301KHOCTI (YHKIIOHATBHOTO PSY.
Crenenesi psau. Teopema Adeds.

Crenenesi psiau. Pagiyc i iHTepBai 301KHOCTI.

Psn Teiinopa.

Psig Maknopena.

Posknamanns Gyskuii y=sin(X) y psa Makmnopena.

Posknamanss QyHKiii y=C0S(X) y psx Makiopena.

X
Poskmananus oynkii Y =€y psag MaknopeHa.

binomianbHHN P,

Posknananss QyHkuii y = 1% y psix Maxitopena.

Posknamanns QyHKmii Y = 1}—)( y psax MaxkitopeHa.

Posknamanns pyskuii y=In(1+Xx) y psg Makmopena.

Posknamganns ¢pyHkiii y=arctg(X) y psa MakiopeHa.

3acTocyBaHHS CTENEHEBUX PAAIB 10 HAOIIKEHUX 00YHCIeHD THTETPaliB.
TTonsTTS OpTOTOHANBHOI cucTeMu QyHKIiA. [Tpukmamy.

Poskiasanns GyHkuil y - WA y psg Makiopena.

Posknananus GyHkii y=sint y psyg Makiopena.

Poskmamganns ¢ynkuii y=Lnt y psa Maknopena.

3acToCcyBaHHS CTETIEHEBUX PAJIB JJO OOYHCICHb CyMH YNCIIOBUX PSIB.



36. 3acTocyBaHHS CTENEHEBHX pAMIB A0 pPO3B’SA3aHHS IU(EpeHIaTbHIX
PIBHSHB.

37. Pax @yp’e 3a OpTOTOHAIEHOIO CUCTEMOIO (PYHKITIH.

38. Tpuronomerpuunuii psa Oyp’e Ha [-€; €].

39. Tpuronomerprunwuii psax yp’e Ha [0; €].

40. TpuUrOHOMETPUYHHUH PSIII.

41. Teopema [ipixue.

42. Psgu Oyp’e.

43. Koediuientu psany Oyp’e.

44. Psn ®@yp’e nns napHUX QyHKIIH.

45. Psn ®@yp’e aus HenmapHUX QYHKITH.

2.3 Ilpuknaau MpakTHYHUX 3aBJaHb 10 MOAYJIBHOT KOHTPOJIBHOI pOOOTH

1. JToBecTH 301KHICTD PsIy 1 3HANTH HOTO CyMY:
) 1

a) X ——

n=ln(n +2)

5 OZO 3n + 4n

n=1 12“

2. Nocniguty Ha 301KHICTh PSAIM:
© 3" (n+2)

a) X 5
n=1 n
o0

0) X ——

n=lin(n + 2)

3. Mocniguty Ha 301KHICTh 3HAKOTIOYCPEIKHI PSIIIH:
®© n+l 1

a) X (_1) n
n=1 (n+1)-3

n+1
G

n=1(2n +1)n
4. O0uncIuTH CyMy psity 3 TOUHICTIO JI0 O :

0§ ( )rH-l 1
a) -1 — = 0,01



6 > (—1)n _ Y a—oo0
n=0 n!(Zn + 1)

5. 3HaiiT 06nacTh 301KHOCTI psy:

n n
© 2°X

a) 2
n=1p? 41
®© nl

6) 2 —

n=1xn

6. Posknactu y psin Makiopena ¢ynkiito f(X).
a) f(x) = cos5x
0) f(x) = x3arctgx

7. BUKOPHCTOBYIOUHM PO3KJIaJIaHHs MiIHTErpanbHOi QYHKIIT y CTENeHEBUH P,
004MCINTH BU3HAUeHHH iHTerpan 3 Tounictio 0,001:

1/4
%) (j)|n(1+\ﬁ)dx

1 2
X
6) [arctg| — (dx.
0 2
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JIOJIATOK A

Tabmug A.1

Homep | Homepu 3a1ay KOHTPOJIBHUX 3aBAaHb

psiika

1 426 431 442 452 467
2 427 432 443 454 463
3 428 433 444 456 461
4 429 434 445 458 470
5 430 435 450 460 468
6 421 436 449 451 469
7 422 437 448 453 466
8 423 438 447 455 465
9 424 439 446 457 462
10 425 440 441 459 464

S B B 0

B
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